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Fig. 1  Outbreaks of red tide caused by Noctiluka
(1974.6.16, Otafu Island, Okayama) Courtesy of Suisan-Koku Co.
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Fig. 2  Distribution of patches and lanes of Noctiluca in Harima-Sea
(1976.4.15) Courtesy of Suisan-Koku Co.
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The Use of a Controlled Experimental Ecosystem (Microcosm)
in Studies of the Mechanism of Red Tide Outbreaks

FNIEE B (- AEHH HE &
Masataka WATANABE', Makoto M. WATANABE! , Kunio KOHATA!
and Akira HARASHIMA!

L)

R ER O « B ORHAENE LT, HROFRBEESE CGEE 1m/
hWOBEETRRBEBYEITY) OFH - SRENSY: S MEEN OF - A8 - 559 -5
&« 3 - ELNE) - {LFE) (KR - HBESBES) HOREN - ZRNETE L0
B4, MELFRCEDER$ICLDOTE IENRERNRHEBERESR (=47
oo XLBIS-F2 91 OlREATT

v A7 03X L1 HHR (HE75em, EE20em, BH23.6104 5 2) wky,
BEEEICL B Prorocentrum minumuym, Olisthodiscus luteus QEEBERE, B
BE Yy -, BRy —VEERBBEBHULAIRBICHEBREI R L ATERL, »
A2a3XLH2EH (F5E 15m, BRIim, BRI, ARSI Sz 54=vs4)
i3, B SHEOMEL2T~THELTH20AL 5, BE « E90ORBL, HBEiE
DERERNEOEEEBAHETSH D, HEN  (EENEROEEHETERRITLDE
T3 e EBRTONRMEEROE R - £ ENEEO BT MR EEIC L - 2.

Abstract

Controlled Experimental Ecosystems (Microcosm-I, Microcosm-II) on land have
been developed in order to study the mechanism of growth and accumulation of
red tide flagellates, ‘

In particular, the physiological and ecological characteristics of red tide flapel-
lates have been investigated in detail under the temporal or spacial variations of
physical and chemical factors (such as light, temperature or salinity stratification,
convection, tubulence, nutrients, trace-metal, etc.).
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Prorocentrum minimum and (Qlisthodiscus lureus were grown in pure culture
using Microcosm-I (75 cm deep, 20 cm diam., volume of 23.6 1, made of glass and
homogeneous in vertical direction} and the behavior of these organisms, such as the
cycle of vertical migration and accumulation patterns, were found to be similar to
those in the field. .

The construction of Micracosm-II (1.5 m deep, 1 m diam., volume of 1 m®,
stratified in temperature and salinjty, coated on the inside with glass-lining) made it
possible to study the physiological and ecological characteristics of red tide flagel-
lates under temperature, salinity and nutrients distributions simulated to those in the
field in terms of vertical structure,

1. L& . i )

FEARL BB OO RERE LTERR LD RBIL T Z20hEiAV e TE, 314
hh DEREFATHRRELLLR 7523520 T, SIHL -BEATF TOBRELITOEMNS,
dose-response MBRZRD L T LIt LD HFWBLIT S Hk L, D) BETOBRMETY, BIEH
F LR OBMA RS A HEND S, FFEHTANGESTHD, BEOEEFAIHETEM
HOEHYTHARM, FHEEBELaNTED, 2O0HBLTOTEILHL THEOERHE®
T A HICHEESSE D, TOBRCRBOTEERNS 5. —FEBIEEVILEE(OR
BER (B2« 5% *FBsATEY, RoERUNLEES KL T, BRTOHMORE
SORHICREBBORALHATH S, BEIEFTEROB LTI CLICLD, HEATERE
f@éhtﬂﬁ%ﬁ%f@&btb,%@ﬁ%ﬁﬁC&m;D.;Dﬁﬁuﬁﬁmﬁ%ﬁﬁ¥ﬁﬁ
BENTOEY, BHICEERT L BETORECINID DRI DAS S EMEREATHS
(Fogg, 1975), CORAHEHHLIY, MEOPHIEMAET Z26DE LT s 0aR 0%k
o Bix OfHEREEZORRHE TN TEl, ¥4 7 023X 4 (microcosm) 1T "HRE
5N 5 LANBES, EYBRONMS XUFHA S L AERE LS5 &5 HiEe
BT THER O EN - (L FEEERLAEBL OB EFHEI EIERR L
EHCEHTED, LW - TREEHEOREL L UCREHIICE L, RBRKPICRET 58158
(Strickiand and Turhune, 1961; McAllister, et al., 1961; Anita, et al,, 1963; Davies, et 2l,, 1975;
Gamble, et al, 1977; Menzel and Case; 1977; Case, 1978, Takahashi, et oI, '1975; Takahashi and
Whitney, 1977, Steele, et al, 1‘977; Goldman, 1962: Bodungen, ef al., 1976; Smetacek, et al.,
1976; Brockmann, et gl., 1977, Grice,er al, 1977) & LB EB+T 2 EZAEHRE  (Pilson,
1978; Str_ickland, et al., 1969; »Mullin and Evans, 1974; Evans, 1977; Conover and Pa'ranjape,
1977: Okada and Sudo, 1978) DREEEMALED bDE TEMERTS 5,
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wEh B s, HKEickoEns B BAKEOEELERNLTED, Fhvf 703X Ly
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D ESFHIR OV FTHRNIC 5% 5 58K Oy — fundamental niche — (HEELL 724k
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Fig. 1  Schematic view of Microcosm-I
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Fig. 2  Growth curve of Prorocentrum minimum in Microcosm-1
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Fig. 4  Accumulation of Prorocentrum minimum in Microcosm-I
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Fig. 6 Temporal variations of temperature at upper, middle and lower levels in
Microcosm-I1
Temperature setting (in centigrade)

A B C D

upper 14-16 19-21 29-31 19-21 14-16
middle 14-16 19-21 19-21 19-21 14-16
lower 14-16 i4-16 14-16 14-16 19-21
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Fig.7 A flow diagram of the automated system for processing data on the
microcosm-I1

T1-5; thermocouples, Si-5; sapling inlets, V1-14; valves, P0-4; pumps, FC; fraction
collector, PH; PH meter, DO; DO meter, SAL; salinometer, TM; thermometet,

D; distilled water for cleaning, W,; waste water, AIU; analogue input unit, DL; data
logger, SP; sequence programers
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Fig. 8 Growth curve of Olisthodiscus luteus in Microcosm-II
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Table 1. Cell numbers at four levels in Microcosm-II
£ B (o FR 82.1 x 104 cells/ ml
+ B 7.0 x 104
g JE 5.0 % 10
EFREE 0.0 x



3. B =
FLCRBINEANERRYEHEERERR (z4 7032 0) O2FAFEL, 2OEBFROD 7
u—— b, REEREEN ERBARMERTTSEEGE, INCOEREEERHNT, BERE
FIC L ZARFREORE =Ty, RS LURERFOREA « ZRNORmOZTEERMIT
MRt LIS SBBICE LI C & &R Lic, ERNERE~ 4 7 02 X aid, ZOFHNEADYAIL,
ZTOREROBFCRE ORBBMA SN TVAS, L LIEEBREBEOMEI L - TEENTH
ZEEZOSNAEAOEBRE THLEBEROARAEESRSORAY, L5 FTHEE, S/ vy — n
v, EEEBEEIZ BT HBRICHEHU LU ARECEREE A EalEicg ), BELE
BIZEENCiT O C Xl & D, O - (LERBRIEN T S g - OWMIBH L BT AT &
DOHEH AR SN, SOI—RRELTOARGCHEL TRE, My, HE, SREHLS
DEE SOERIC L 2R EHIEOMA « £/ 79 — v ~OEEOERLT L, LOEENRBERT
EOBEDHTEIT I T LICEY, A4 7 a3 X AFEOHBEMATOLS FETSH B,




B 9 =427a3xLE258NTOEMICE T 30listhodiscus luteusDIETHIERE
Fig.9  Accumulation of Olisthodiscus luteus at the surface in Microcosm-I1
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2. REGERHEOLAMERERIFT.
Secrippsiella trochoidea [CHITHLX B
EROBREHICDONHT

Encystment and Excystment of Red Tide Flagellates I.
Induction of Encystment of Scrippsiella trochoideq.

w2 BUFEE BREL

Makoto M. WATANABE', Masataka WATANABE! and Yasuwo FUKUYQ?

g B

FREISEESE Serippsielle trochoidea (syn. Peridinium trochoideum)® + 2 i 5
ET 3802 EBICHEIT L. ABO v 2 MERICRADERE, BELFHhEN5
°C, 9001x ~10,0001xTH 0, WINOEEORERMEL B LTS, RE
BRZBKNDEERBEEORMERD, S, Y2 MEREER, BovThhhiRZE
REEE L - LB FEEE N, THRMER v 2 PEREEETE L, 2RIRHLTYE
73 vRIBEMIZECTOWAE T Ldibhh-t, S LOEELS, 2BOY X MER,
MRABIR EAETHONEOAEESREH DT I B RETHEESNBZ C L TE
Ehize

Abstract

Encystment was established for a culture of Seripsieila trochoidea (strain 2-10-8).
Optimum temperature for encystment was 25°C and optimum light intensity was
900 to 10,000 1x,

These conditions coincided with those for growth of this strain. Encystment was
induced when the cells were inoculated into either nitrogen- or phosphate-depleted
medium, Encystment was accelerated by the addition of sodium bicarbonate and
inhibited when vitamins were added.

The results indicated that encystment of this species occurred when cells were
able to photosynthesize but were unable to divide,
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HELERIC &K AFREIIERINC I, Z DGR OB TEEMNE £E Y flagellated stage i€ & b 3] &
ECENEM, EORMMEREneritic’I 77 /7 b Y THD ,- #OEEIICI> Y 2 FEREL
THIEL T 2 BEDEET A LHHONTE TV B, L, HROFEBHETIR, 0wz
MERBFREOBT SLETHNE SO ShTEDLNTE TRV, LA, Y2 FOWERSR
MRFEDSE TV R b &k BIO theca & O3 2B % © modern cyst & fossil cyst & DRFE X b
dmm%mnw@%%@ﬁ%%ﬁ#%ﬁﬁ?@ﬁLférwt&wzékﬁwmmmDMQww&
b, 1269; Wall er af, 1967; Fukuyo et gl., 1977; Harland, 1979; Harland and Hill, 1979; Damassa
1979; Reid, 1977).

FREHHRIC > 2 b PEENICES L TRV OREATRS 24, MERSERE I EERD
T Oneritic D b~ 7 VITEGEBET S5 &, 2 P ORTHENI Tt A+ L5 eIk
HREWEEAOND, 2OEBELTHE, D v 2 P EEA L SO AAIEEOHERY ic
&L, BNHEIohTEREL (BR%, BrciEh W ERE, B 185 ©0 repopulation 4
fTLHBCT &, 23— ¥R MCEEHLND I ANKIENAIEET 3 H32iC repopulation o #5f %
A b a—d B “timing device” LU THEL T 32 &, 3)KRIEMICHI- 5 v 2 b itdamage
predation {3 A HEFU ML 41T species D 43EL - 57T (dispersion and migration) iz o4 3 %5
RBEBHEEOZNLD ERENEEZIGRECE, DELD YR MIBL BEBARBOERE U
LDEFEZLNTVWAEDT, FEiklfldgene recombination 252 L, #5458 & L CHEM% heterozygotic
BIRBEITRD, BILI%RE - b3 28FERLTHAT &, BT ohd S (cf Wall, 1975;
Prakash, 1967; Steidinger, 1973).

&SIV A MAGREIAICH L THBAERIC R - TOAEEREBEECE IR &hhbo T, ¢
n%@&%wohfﬁmmmmﬁbtﬁ%mJmMmm=deﬂ10W$,AMumnmdea
(1979), Anderson {1980) LOHPEFR LB EAFARL OV, THAHSEOWE LIV A
HEOHETHY, ¥2 MEW - FED T 4 2 MbRHISEE: - 8 & E 0L > ICHELTL 30H
TERWOFETH 5. ’

Pl R et B B 4 HRRE IO 2 VR F BB E BRic G Icd AT E %
Bi& LT, SHORMEERIZOVTO v 2 MR - 55 4 7 LOBREERT LFHORS
THEDH TS AR/X T, BE 19694 & 1980 Fi KRB TAF4: LiRif% Fon% L7 Serippsiella
trochoideq (syn. Periodinium trochoideum) (1) D R MEREFLT 2 ZHIc OV TERY
TR L R AE T 5,
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1 Scrippsiells trochoidea D523
Fig. 1 Vegetative cell of Scrippsiella trochoidea




XI 2 Scrippsiella trochoidea & = |
(a): gRAEfE 4R b
ibl: DA b

Fig. 2 Cysts of Scrippsiella trochoidea
{a): Cysts with spine
(b): Cysts with no spine



{McLachlan, 1973) T4k < ML, culture age 32 ric D41 2 b H5H 5 % (17 days culture) 4 9
Fois L HTiEb. :

oA M EEAREEBIC THEAS I BRI ER L L ORERERZ K I REEKFEF 24100
mg % BRI - WM AR v, # YERHE ST (15mm x 150mm) & 421 3ml Nz, #
~ by v —70E (120°C, lkg/cm® 20min) THEL . RERTE (/2 5Hc 17 H BIEEE L
FoARBOREEHE A H) 600cells /ml &4 A L 5 WMSHICRE A D, v FEARICTA28IE - BRE -
SRRBEO BB R~ LI RBILEG O RATE AL, L6FR B 8 BSR4 4T
-1

YA MEREOMERIEA T Y F o vV F e vos— (Iml) 200, SRMALE 2 084S
EW, FEBT AL Ao R P 3EHERORR TS /0 KEESF (hypnozygote) T H 5
EELONAL, FTRICH->TYR MERER (C 1) & Ui

_ 2Nc¢
C-H%)*Raiwyxlm

N RBEHREOR/ mI
Ne o R PO/ ml

3. # B _

3.1 YR IEROBHEL

ABED V2N, BEAFBEHE2ETERE IS (R2@), HRENIIC red body % 8
BITHCENTEDY, MREBESNEHEGT 2 0P RE LIV Y AT LBEI NS
(K 2 (a)b)}s B3 di8RE25°C, B 10,000 |x FTRBERZEH, WMEHIC (/2 BITITAR
FEE UL O R LEBEO2EE (Na=N+2Ne) LV rERE (C - ONERELE
RLIbDTH D, TORMEF TOMBRROE dNe /A FEFHICA 2 £ Tl L Ty
BLENRENTV B, Y2 MEBREDEINAC/dt 3BRE A DB oMEsh, £ DR 6 D HE
whr dCl/@t i &K E{, THEH~I6BHIEhG TRIT-EOR LT (Mlaf NeliEFH
DH) BRI T &, 16HALBRETEIAS, COL3R v MEROELY, RETOR
il — YR MERICO R 2EHAMEBR T T noRNSHIELE T ORBETEET AR & B
KEE L TV A L n A, BT AL Hie, RXED YR FEHRICE L EEAMELFELRIC
EELTWARVEAI, KEIICR LA YR MIEFERFEORMELICE L THMIcBiTT 2 L 3T
SV, COMBAIANERRRORSTIREL LORSBIESALRETHI LV S,

COEBER» MO L, WMEERERICHEED S Y2 MERBAEFHICA > TO
ZEVICETHD, - THRIERYT B R MERI RIF 4 RERTC Y 5 R, SHERG%E
HAUBDY » 7o THE - 85T L.
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> dinoflagellates I BT, BHAEMIZE & ALE 5 AT o8 (Fritch, 1935;
Grazham, 1951; Smith, 1938), BHIZE-T, W DD B THGMOBEELISNTET
Ly 51(Stosch, 1965, 1972, 1973; Cao Vien, 1967, 1968, Zingmark, 1970, Tuttle and Loeblich,
1975; Pfiester, 1975, 1976, 1977, Turpin et al., 1978, Pfiester and Skvarla, 1979, 1980; Walker
and Steidinger, 1979). X & A L DA, FHAMI Nfree DEFRI>THER SO, EHMEEF
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Scrippsiella trochoidea DY LB

fa): MO/ E

(b} BEFAL, 414 XOAEVERAM. : BE
o) BREBOTOARED v+

Processes of sexual reproduction of Scrippsiella trochoidea
(a): Fusion of two celis

(b): Motile, large sized cells with dark color. f: flagellum

{c): Cyst taking off thecal cover,



heterothallism (B ORAHERE LT S,

K FE Scrippsiella trochoidea (syn. Peridinium trochoideum) DIETEICH o 5 BROBIET V= b
RS L3 ¢ & A, Braarud (1958)C & » TH#E 41 TEL®E, Sousae Silva (1962), Wall et al
(9T iz kb, TOREMNLUFMIFMCBEIATED, F/ Walletal id R FOFREF
DOLOBESES - KIBRIc 20 THI oo LTwa, UL, KD v MR L Tk
HRGBEA M TEI LD E 2h, Thv 2 MEREFERT AR TR, £REDEZ A
A

FED oz pEEBRICELT, BABELIRYTE, ¥2 FPERISNIFcAEO RS
E10a) & 1AV LE 2KOREELEE LT redbody 2ET 591 ZORIVEFALTH
HHERRE N TS (FIkbD, COMEWMEBEIZ IEFOHET 20 D TR 2 ~ I HE
CEEHNEED, TOERENETT (K1), AEFEFOY A+ (H2) MERSNE, £,
B CGRIEE) i, KMHES L DB LS. trochoidea DISE, Ky 4 ZDETALTIEOR & A
Eld red body #ELTHY, $AMEZBORETHEC LEZPOMIL TV S. Bl oz &M
HHELLE, COHEEEINCTR UM (AT ofRsic i, MbEEER & - Tk
éﬂtﬁ@ﬁ%é?ﬁmemeﬁ@,%at%®%mﬁméhz&%ruwm%é¥
(hypnozygote) Th S EEAL GNL. EEHMHESGFLANIN IO AL | KOMEEL
1, 2ERDMHBENMREH S DML e 1L 2HEEOTOAT L F N Of#ic
L CHEBERSTOHEEALTEY, WMEML S84 2L 340D EEHEOY 2 P iC
BiTdAZ &6, B @ 2EADRELD 55 1 KMBEMCHELAZboLEbhE, 2hb
DFELBBEL T LONTERFEDO X2 M, BEETER - EETORME — ESHEEAT (2#
HE — 1M8T - REEAT (VAL L0OFUEREETERENE EHBET L BT
£ 5,

PlED & A O &= b idFEEMOEREME L/ hypnozygote Th 5 LHlMT S, 2/ %F
DEEN Y 7 - YHTEITENS L&D SEHEZLERS (homothallism) DFEifi L & T 2 T & HT
x5,

—AT, WHEROEMERICEETRET LEL SN TV 2RSS L LTHREERE, L,
BEE AT & AT 0 A(Ichimura, 1971, 1973; Watanabe and Ichimura, 1978a, b), i ERTIZE
PAEROEEORBALENH L <, boLiinh, £oFEREGOREITIEIFHTE ST,
Al Lick 92, RIO—#HORBEROERENOMETRHERIYPEELRT LIN TS,
M OTAEEME Gonyaulax tamarensis T3, BAORERICE ( DRBESFHELEL, 75~
7 bl b BN ESTFMNE L A SR TV A (Anderson and Wall, 1978; Turpin et al.,
1978; Anderson, 1980} i &mhh 6, rf%ﬁfbﬂi%:%%‘ﬂamrc b ERERERE 1 %11
TEEHHTEL (Turpin et al,, 1978) Z &b, gigﬂ;f:ﬁ?@f;MmOJ@%@Baﬁﬁfﬁ%w i
%o
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ASETOGHOEET THREGREBERICITC S 288, BISREBIEMSERICT D BEHA
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etal., 1972: Lehmann et al., [975; Holm-Hansen, 1970}, ft- TARORERBEZ E XL Y&
BLTHBIZBLE - T b MBI ESLT, REHRMS SEREMADOY O HEEND
WL A RTOEIE S OB EHETRCBF SN TV NE, Lewin(1956), Sager and
Granik (1954), Starr (1964) S 31N O CNRSF T 2 C L BEHERIKE VD DE ~RFTH
BEIERL TV 2, AEOBE, AEEEACUN2HD B EBRLIERDCNRICK SV Th 5
DL, BNOEELOEFEIT - TWRHVARBRT L RTERVY, LU L bERED
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II. Prorogonyaulax tamarensis & P. catenella

CHEIFBLX FPORFOFEM

Encystment and Excystmelit of Red-Tide Flagellates

" 1. Seasonality on Excystment of Protogonyaulax temarensis and P. catenella

ek fF . gREE

Yasuwo FUKUYQ!, Makoto M. WATANABE? and Masataka WATANABE?

E B .

T EHiRHEERE Protogonyaulax tamarensis & P. catenella® o 2 M OFE LT B 1 4 BHi
YEE -, RO R A TORARIRE LT, ¥ 2 FORIBER ic D THIE
Ufeo EBRAENCITAMBEETHREELL X FE2HL, FHGRIR DF AR BT D0 T
LABTOMBEERABEC L, P tamarensis D 2 ME 5~ 11710120 L HdEm
Updgdf Lildp o fods, 12~ 4 B3 B RERER L fo KINER TP, tamarensis
ORAEF2~60 HLBD o THWE48, TOREOFTYM B I EED 1~ 24
RElLD A +HoE HFL, YA FELTORRBMISHEEL EL Shi, —
H, REE9~10A RS S P catenella (3, V2 b 556 Bic—Biic SETHIHE
U778, HOBHIR10~20% & BIX—EDORFET, HCETHERED S k-t

Abstract

Seasonality of excystment of the two toxic dinoflagellates, i.e. Protogonyvaulax
tamarensis and P. catenella, has been analyzed using cysts isolated from the bottom
muds in Ofunato Bay, lwate Prefecture, during May in 1980 and April in 1981.

Vegetative cells of P, tamarensis have been found in February to June and those
of P. catenella have been found in September to October every vear.

In our experiments a high level of excystment of P. tamarensis (30 to 60%)
was observed in December to April. Therefore it was found that resting periods of
hypnocyst of this species were about six months (from July to December).

Also constant excystment of P. catenella at the level of 10 to 20% was observed.
We found no seasonality of excystment in the case of this species.

Lo dbBRSE KEFE T022-01 SFESULE DTSSR BT 160 O 4
School of Fisheries Sciences, Kitasato University, Sanriku-cho, Kesen-gun, Iwate 02201, Japan.
2 EUAHGRF KHLEREE TI05 KR THAS ALY
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.



1. RLSHIC

BT, TOEFHO—BEIC Y2 b LN - THEREL, BER LEBRKIEEE
(resting stage) Z Z 5 FAHHM SN TV . COEHSUHE, 3HEMEDL V2 M Ao RFE
{excystment) L T, HF2#t & /5 (planktonic stage)ic B BB (blooming) T3 128, H A ITH
BT B DT HRER (seed) b 20 BihBH~OLEBOFEE LTEEHEIN TS (BRIF - AIL
1972; Steidinger, 1975 ; Anderson and Wall, 1978; Z D). T O v 2 » DIRIEDHFOEMFIT DL
TOWFRG, FHETREFLONT YR O >EKE, FEETRT 7 2 b O, BF
DEEE E(RENDLEIONTH AN, B—HOY2 b2 ERCHATE 320 KEILBEC
i s Ao, HEEERE T 0 Wall and Dale (1969) 47 Anderson and Wall (1978), Anderson and
Morel (1979), Anderson (1980) L X ¥) Pyrodinium bahamense, Protogonyaulax tamarensis 73 £/
BECOD0TITHH T 2DAT, BB (OMRALERLETNRT SNV ERKSS.

APFHBIOLHITEEAL S, EFEAMESTHEREL, KEL - BREELBATS LW
ERBECHRAHEETISEC LML U T 5HEEE 75 v 7 b ¥ Protogonyaulax tamrensis
L P catenella DRLEWHE, HIL VA PORFRPIL OV THEST> A SDTH 5. KB

Sakari River

Ofunato Bay

1 SFEAHEE
Fig. 1  Ofunato Bay, Iwate Prefecture

Te



B] 2 Protogonyaulax tamarensis DKL &2 X +
Fig. 2 Hypnocyst of Protogonyaulax tamarensis

X 3 Protogonyaulax tamarensis OHERHAIA

Fig. 3 Vegetative cell of Protogonyaulax tamarensis
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SOFEIZASTHE L TEET A2FETHED, ¢ CTHSSESALGHFEAREITORRF LT &
HTHET B, '

2. HRLEFE

v 2 b OERSE - RFF - BG5S A& b A THICAREBOR KIS (K1) THERETSER
CEIL, 2cm ¥ TOREHA ML THEERKES - BioE@E (8, 1980a) KK J& v2 b %
BATL 720 KWT, BT TC OBRARD 5 BME TY X b2 —EKSHL W REEERIT H
Lo &2 MRIFRENCMBEEZFTOEEEA S L o, BRERCLIEEELHENIHRENT
124 °ComBIEI REHDRETRED £ $HF L

YA FDOREE D R FBANTAFF 4 v ¥ 2 OFFUCSWIT(Iwasaki, 1961) 554 1 ml A4,
Y2 e TEEED 110~ 130 BEFESE=EL /-, BB%RIIB3~16°C, 700~1,2001x EHE T ¢
BEJRTORYE, MREOFERSEAH 2 BRIcHInBIEL -,

BDOEFE © Protogonyaulex tamarensis & P, catenella ¥ A + (X 2) BAR 4 XHo
IV TDfHY A PESEL, RFWM LT 5 v by ORROBMERA~NT, BAOH 5
% P. tamarensis (R 3), 180 E% P, catenella S ¥IFEL 12 (BB, 1980b). FIF LAchid  BaRE
BIRAALGDOEY, TOLIUKTREREERLTOENT EHNEL, BERETELL
7o CHBTE &Ll

3 # 2

31 SAORFHRR K4)

SRARIFIIZMAED Y2 b 2BE LA L ABMEESIF L, BFERIL IL9%T, P tamarensis
1Bk L P. catenella 8 BEDBHENES S, 6 HICI3RERMNL8.2 %I LH L, P catenelia
MELREER LI, 7, 8, BETHEFN22.9, 27.1, 238 LEVWHRERTEH-FH, AL
RN, tamarensis B LY HFERE 588 FLBEER LI, LALIIBICIH224% &7
~ 9 AORBICRE 720 12B o FE 19814 4 it TIEP. tamarensisii £ R F LT fd
B owiiy, BHESL 1A, L4562, 483, 583, 47.5 B LAk L TEWEETR L,

P, tamarensis DA HEhid, CoOBERFCELOFHMSED N, 1RBOES Bhd
AT, 10AIK—FICE B> T3 500, OHIC3BEHELLMIZ0fED Y2 b D
hTRFLAZ DB O~ 3EELEBOTLEC, R T AR 1 AR bFFRTE LD - e LinL,
LIZAM SEE 4 QIREREHBPE (LD, 2055 1 ~4 Hicid g H30MELL LD & 2~ cRFH
SPED SNz, THICH LT, P catenells ORIFICIFHMELBD LS, 6 A O07EEE B
G35~ 20 MERFEH R L T,



100 -.._.— P. tamarensis
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P tamarensis & P. catenelle ™ v Z b DIEH A L FIEHE OBEEZK SR LIz, P. tamarensis
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120BHED v 2 b 2RO LT TEBRT -1 K6 AKIRRERE B IERLT- LBEGORT Y
R MEOEBEEL, BRiZ1 AAREROFNE R LI @EALET2L, 5 HET ATERYE
SR MEEBMLA, 1AL 3 ARBRIELLTEY, $HEFOE -7 URERTRIREF
Bi&hENAEHAPR SN

3.3 4, 6 AMEREFEORFRR

19804E 6 Hiz B L1-ER%E, 4°CoOMANc4»AX LU 6 » HUERE L RIEEERET-
tro Z ORUARRA RN & | D AMBRGOEBR LG TR TICRL . 1 AR E 6 HAMOR
FTERE YR M LA 4 ARMFECRBL LT, FRRFOLC— 74 1 5 BlE
e 4mALEHADLOTIIHAENTEN .

1 ¥ £
vz FOREFICE, YA FHERS 1T S ORIREIN & RO REUKR O D0 2R H <
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Fig.5 Time series of excystment success of hypnocyst A: Protogonyaulax tama-
rensis, B: P. catenella.

(Huber and Nipkow, 1923)o C OMKIRMIMIIC I, REESE SEHOMER LRI v 2 FOEE
FAFYO K (ripening) 25T H FL(Wall, 1971), FUBE OG0k 4 (red body) o B 15 &
DREP SR E R - O ERBREROFEARESNS. 2hig, —EOKENME & =
ORI E S THERERTHY, EFE Huber and Nipkow (1923} 14 Ceratium hirundinella T
6 85, %7z Wall and Dale (1969) & Pyrodinium bahamense TR L 6 B & v 5 Pl 2H T v
B
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Fig. 6 Comparison of time series of excystment success between hypnocyst from
fresh sediment sample and ones stored in the dark at 4°C about one month,

\TIL P. catenella BFE LTV A CAFE, 1080). 198044 5 1981 T & 4 & @ Bt 72
SR TH Y, 1980532 A TS P amarensis 8HN, 3 A &6 AhH)0 2 ERLoR
BEHD, TALMICRELEEMLTLE »ke 9 AICH P. catenelle WD B R 1, 10 AN~
BEE < 1 e GBI LT UE -7 GBR, KFER). 1981 K & P. ramerensis i 2 A F H»
SHE L, 4 AcABICHEMLE, SABELLRBBEDONDS (B, RRER.
KR B BT T v b Y HODP, tamarensis®Z DX HILNBREREE A BE, P temarensis
Dy ORFHOBHHEEIBEDTHICO L - DEFELS, ML, 1980FEOREEHDI B
HH0E6 Bz VA N EH o fo P tamarensisi3 10~ 11 BE & TRIFL TICHEFRIEKIERL, 208
FEAd & 19814 1 B Sipa e RIF LSS, TDORELIP tamarensis B L T2AH 57
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Fig. 7 Comparison of time series of excystment success of hypnocyst from fresh
sediment sample (0), collected 30th May and ones stored in the dark at 4°C
about one {1), four (4), and six monthes
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BREES NY, REBMICHES L TR0 LIBT3 2 L0 TE %, DILDOEEERT S L, P
catenella DE MR E Y 1 203, Y2 MOKRBC LOHPEH T 20 TIHELSEF
WIS 5 RBRT (ki) OFGNEHCL RBsATVL 2L EbN S,

JTHF Anderson and Morel (1979)(%, P. tamarensis 3% &R 2 EHER¢ A/ 5T, K&
TRELZVZ FORFEBOBEHLELE 75 v 7 b v OREF\EEFAN, BEHIKEOTHE.
BEAKBOLEBINFNOHED YA FOREOF|EQICHLEE Lire ABEBRKE T HER
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Bhhz,
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I. Chattonella antiqua

The Effect of Various Environmental Factors on the
Growth Yield of Red Tide Algae.

L Chatronella antiqua
RS WD (F e WREF

Yasuo NAKAMURA' , Makoto M. WATANABE' and Masataka WATANABE!

E B

REEE I R 4 2 Chattonella antique (Rv 3 ) T) QRS IC FuF 4 BaksE
FTORELE Ui, BRBEORBEM S U -Cil3E-icils Ui ALk HEE A B
2o TORBLITORBESHLICE -7,

1) 22.5°C THRABBEAEF ON 5, FHEF#MIZ20~25°C &<, 28°CRLET
i LA LB LA,

2) WEEDEHEA 14~34% £1E<, 27% TRAEMRMNELN S,

3) SERAR L EEHUCEIM L2 ) v oBAEA S, minimum cell quota A% 0.4 ~ 0.5
pmol/cell K BFE & o1,

4) BHEEE LTNO;, NHi, REZEowEFnbRIBTE 345, NH; T80 #M, R
FTHRH150 eM (asN) TREUTHEELSHEN 5, 20uM B F o B2 THENO;, NH;
DUEFNEEZARE LTHCTHERCERIE D S iy F 77, minimum cell
quota (& T~8pmol/eell THO, BANDP - NHIERRET! 1 (7~8) &5,

5) # L — FRIEDTADEET (B0aM), Fe® Oipm (> 3.5 M) 3R 4E
LCARET 305, Mn* QERAD (0 ~40 #aM) TIHMEEHRIASNL G,/ TaM
DOEEDEFEET, 0.02 aM OO EMAHMAEA (RT3,

6) ¥ I VTR B (Cilng/1) OAHAMRAEET S,

7) 3 —ROEMICE > THEIZEE ENT, £H5elMTRIEA L
T -APHFELTHRERL LN,

I ESAEFRAR KELEESNE T 05 KBS mLe
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, [baraki 305, Japan. '



Abstract

Chattonella entiqua, the organism which causes heavy red tide on the inland sea
of Seto, Japan, was grown axenically on the artificial medium newly developed in
our lab. The effect of various environmental factors on the growth yield of C
antique was examined, The optimum conditions for the growth of C. entiqua were
obtained when temperature was 20 to 25°C, pH was greater than 8.0 and salinity
was 14 to 34%,. This organism utilizes nitrate, ammonium and urea as nitrogen
source, while the growth was inhibited when ammonium level was greater than 80
#M and urea level was greater than 150 uM. Addition of Fe®* (>3.5 uM) with EDTA
(80 uM) well promoted the growth of this organism. However addition of Zn** (0 ~
10 4M), Mn** (0 ~ 40 uM) and Co™ (0 ~ 0.4 uM) did not. Addition of Cu®* (0.02
uM) with Fe* (7 uM) and EDTA (80 M} promoted the growth. The effect of
vitamines were also investigated. Vitamine B,, greater than 10 ng/l promoted the
growth, while biotin and thiamine did not. Glucose did not help the growth of C.
antiqua, and under complete darkness C. antiqua was unable to grow even when
glucose was present.

1. RUsHI
Z { O BIERF OB S8 L B LA S, SELSREOPTOSEA (survival)
EERIEFICITEGEE T TOMEBHOILK (development} 277 - T, HRBEHKT 52 BH
THEBUBIET TR 2 PEM - RKIEE WA THERE L, FEBET ClasRic L a5E
B & O OB TCRAROEAEIT > T3, i, FREIGEESICIFBEBEORE TS T
ENABEBTHY, $HBEEBOREHM LV O ATHE S SnEBRTH L%, REREDR
BsRfE & UCHfic & > THFELURBERT H o 0K, N bBMIABERERESEHRENT oI
WZERGBEAALLT, BENEEOLSEM U TAERAEAL T {BEDFE, FlLdHE
WEalEEd sET oA MBOBMEEET SRTFOFESLETHLLEZALNS,

T, FoBATHRERAEED T LTS, FHOEBRTHIEM TS5 v 7 b v HE
A O BEEBERECEEL, B2oRBTTREEDS OBMICBT (EHTFHRLEEET S
EHBELNRETHLLVA S, CORBOBERE, FATHEAORFHEREL TW3AFEFEC
W THLHOT BARLD REBEETBEMNCHH 8 L CroBoEilgtsBohic LT
LT EDBBEREL T B,

B (1971, 1979) HE S COREMOMHATE D, RMEHOBEREELTY, Ha0
Mos gL mic AN, TO88E, FATHENCHE L0 EBaNA-NEXTEHT 2 &F
BRi, BARBEL LDEHDS I DR FTEEERLTV S, LL, BHALHERLTVS
LT, EEITHEEESFE L CANSNTO ARBENI T I0EERE L7, Bk
KO T LA TA S WIE, 1976) 1L BHERGHOETO O —BAE SHTO BT
5, H-~T, COBDTEENGFRETTOTHCAMRINTOHLEEEVEL, TOLT AL
FAREBBUSKCEFRNG L AT L ETHLRED— 205 5LEAL 5,




¥ 1 C antique DYIHESH
Fig. 1  Microscopic figure of C. antiqua




DltopzE8 L, R4 3B4~oRSSHETEREEEL T, ToRMOBI¥EE S0 i - £
BEHOBI AT -TED, Lo —S2oMFEoR BRNLTESThH B4 0REHOMME
CEETRIBRTOESLR LIZERED 5 5, Chattonella antiqua, Olisthodiscus luteus, Gymno-
dinium splendens i DO TS DICH > HSA2F BB LU iR 2H THE T 5,

Chattonellg antiqua (3 )7, 5 74 ¥8, K1) SARERBICRES 55880 5 5THREH
B, HENEHRECBROFRMEERT 8T, - THABORME - £ EB04 ERICEET S C
L, BROBRETHD., Ll Chattonells |3 A\ THIKEEMZA RO/ HMEXSRBEHSEL
TORFICRETRERTORELBMENSEET THA LA, bF g (1971) LFR
(1980) OHENHEDATH D, EEGHEGE WE L Chattonells ©FHEA2S BRE Uit
ERHWT, o, (LEMREETLQZey I Y HOMBRICREIIEEBEFTH 50, )~
FRUAOKBVEOHRILDWTHE, TABRMULAES S, LHVEEDTE I DOV TH
ML LT 2i0E - T, WHEBEOXBYEBEAGFHEERNCBETIILE » T L,
%, BHiRWY, BREBOD Chattonelle w20 T, BE, BABRSOYENRFHEMECRIETT
MRABEEE RS0 T, BOTHEANICE » TV aH, BEIESMS—FE L2 ik % @
BLTWVEE, XEYHOMMIKEIIDREAE ~THE0 FHTHE, AEOHA » EHFH %
FHRICRIT T A B & LT, BEB#O Chartonells F#ih SHEE LIcREHOT, YR - (L0
BT Chattonella OIFMEICRIZ T HEE L) ERIICHF LFERERE T 5,

2. £ B HHIFREOLT

RSO BRI 2040, BRINER/PZ2553., $H4b5, 1) BERicHL
BHILAGENIC SR 7 0 -V TH 2T L, 2) BETHAHL &, 3 LENUREBRTFORESE
TIRAABBITHHERERTREC, BS0E & DS - ATHEKBHERVELLO=ZHATS
B, o0 FnG, BERTEREOHBATIECLVIRATEETHD, ThoDRFEEX
WIRBEEBERTHHERMOH ZERAEM L ¥ -TERATE I NS ORI EE LTERERSE
Tt

M o 197889 B, RESMOBEHICRE Liof¥ih omEN 7o - aft Lickk (Ho
1) ZHu,

EHLOBRTE MERBEHO STPHEHL (Provasoli fl, 1957) #HCT, MPEBETHLILE
BEBT LR L,

BRRHE a) X WEIELOEEREHRS, Bt B 3,000~ 3,500 1x, 128%6]) —120F]
A TOEBRET > 12, BEBLOERTH, Bty v/ 27 v 7 v72H0, LLEROH
R THEBREIT -,
by B HEELOERFRS, BERERN~23CILRrnt, BEELOFRICE, B
DREC HMEHEE W) EH e, REBE 7V 7o 2 OERIKGKELBRKEELT, £
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Fig. 2 Thermogradient type incubator

DOHRECZBEIEEFIHLT, 1 50EBBET-ZL3BROBE TOERELTIIC L
DTHB,

c) Hpgithh HRACOATODATHEKEM THC antiqua DEEHF L L VWO T, £
C. antiqua OREEICE LIERAR T C &340, 74b L, $9@EL{AVLRLAT
Mk ASP, TR Lc ASPy-M (3R 1) iR s L CERERTFAEERICRIETE
BETROCHEN, SRTFE SOTBEOBBIES K1z, LdREK, MO E8RF0E
WA FEREE L TE /oo (HE, #1) 20A% L7c. COHBMEM T, Chattonella % 1%
# Lot e 3 1cRT . CORR, RAMMEEY 11 X10%cells/ml &, RO AL
AKEMTEEBONED» A&, MERPE o, T THEMTEEBEME L TG

?%ﬁ@?@%géﬁﬁbtoa&%%%ﬁ%lwmwﬁ:%¥==mwwwﬂ55rub5¢,
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Table 1. Composition of synthetic medium

H-medium (1000 ml} ASP,-M (1000 ml)

NaCl 25g 25g
MgS0,+7H,0 9 9g

KC1 0.7¢ 0.7g
CaCly+2H,0 03g 0.3g

NaNQ, 25.5 mg (300 4 M) 50 mg (600 uM)
NaH, PO4+2H, 0 2.35 mg {15 M) 9.4 mg (60 uM)
Na, 8i0;*9H,0 18 mg 10 mg

H3BO, 34 mg 34 mg

Na, EDTA+2H, 0 50 mg 50 mg
FeCly+-6H,0 1.9 mg (7 uM) 1.9 mg (7 uM)
CoS0,4+7TH, 0 28 ug (0.1 M) 28 g (0.1 uM)
ZnS0,+7H;0 0.36 mg (1.25 uM} 1.4 mg (5 M)
MnCl, -4H,0 1.0 mg {5 uM) 1.0 mg {5 uM)
Cu80,+5H; 0 5 ug (0.02 kM) —_—
Na; MoO,4+2H, 0 6.3 ug (0.03 uM)

vitamin B,, 0.2 ug 1.0 ug
thiamine 0.5 mg 0.5 mg

biotin 1 ug 1 ug

TRIS 1.0g 10¢g

NTA 70 mg 70 mg

nicotic acid 0.1 mg

Ca pantothenate 0.1 mg
p-amino benzoic acid Waug

inositol 5 mg

folic acid 2ug

thymine 3Img

pH 8.2 8.2

BT iR LI TR S 21T » o B R MR & U TR0 AT O IRISREBG, #,
ey 3 AR DWTIE L BRETR, SRUAAORRITHEG 2EMIE TS 5.

) MAER 18 mme X 150 mmOBIRREC 10 ml OBMEMIA — 7 L THERIC,
BRE#EE L,

f) BEROLE LiGE~R&ETTEREETY, —EPRERRICGTRET » THEBRT L&
Lice SHEUCHGR 7 487 v IBRHRERAE R 0, Bk, BoRABREE -FREO 2E0N
WERCTHoNEOFEEETRLTH S,

3 BREER ‘
B, E5R, oH, BEODE

a) @i BHBCKETEEOHEER 4 IRT . ZOFL S LHE L F i C antiqua DIFH
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Fig. 3  Growth curve of C. antigua in H-medium

22 days culture
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Fig. 4 The effect of temperature on the growth yield




EIRFEIFR I3 20 ~26 °C &R (of. Olisthodiscus, Gymnodinium OB LR FYE, TRith, 1981,
ki, 1981) 22.5°C TRADHBA R T, $£8C ot THAT IS L(HEs s, B Lo
FERIZIFIR (1980 AERIREIED Chettonella 3 AUV I R L L —H LTV 5, —H, BiRI3207C
EIFits T Chattonella OIEREAL GRBRI-HE) 0UE&HET 5T 4B/ LTS8,
HxOBEBETH20CLTOKER 12°C KBEVTEAD) KW THEEEBEBEIALSONEDL
=fo TOT &L C oantique DEEZELBREREDAHICL > TEL DT FFRORERE
ZeMETICEETFRLTVS, HE, T TR Chattonells DIEREIC 3 2 B,
20~25C R BB B8O TETE Chattonells HFEOMBBRBoKBrHE LTV 2, (LA,
1979) 2z & Chettonells FRAEBBR ISV TKEMSEESRFELTH N TVWEL &%
RLTWE,

b) ESR EMiCEE 13 NaCl, MgS0s - TH,O, KCI, CaCly « 2H0 D EE I —F IR o1
%, TOBHRFELE S TENRMSBEECRIFTHREETLARSL ). CORITRTLIIL,
HEESERIE1E ~34% THD 2TH TRRKOBEENG Shd, (DT EE C antiguald 5159
ILEWOBETHD, LhbAEK (~34%) thXTECESBTLCEMET 20 LE2RLT
W3, —H4 Chattonells FREBBCOBEMBIFEFRNETEENIZA SN 5 30 ~32 %h OE%
TTHEMWIILAETHLL, BRod LEFRME2~2TY EET Lr‘:l%#c;’(%é&ﬁ% % (X
E&HD (B, 1980), COWEER C antiqua BIEEM TH > THEKLDEOIEART L
T HEOHIHADERERLE bLL—HLTV S,

22 days aiture
107 cells/ml

10 20 N D
salinity, e

5 BEERrRETESEOHR
Fig. 5 The effect of salinity of the growth yield

¢ pH [6icC. antiguaD BRI IC BIZ TRt @i pH 0 BB %R . CORMGH AL
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OIFBHOHKOPHE AR 8 2 ~3 5 n&EMiciRi-NTH D, EEIEH L CEBICERLT
EBTOPHME LI ALETE5 mBLUTFTRPHE 2 ~8. b itiFEiTH20T, (R
BiFY, 1980) C. antiqua MAEIKE LTV A3 EEL NS,

17 doys culture

x10° cells /mi
8.
o
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4
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Fig. 6 The effect of pH on the growth yield
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SRS ASE N A, 1,000 ~8,000 IxTHERREEF —FELTV5E, L LEEESHEELD &
HUAHMEEICKSNEEAE L 2-BbNA0T, SHAEER CHT 2HEORER I &

BhHA D,

16 days cuiture
A0 cells/ml

124

T2 4 & & 10 12
light intensity / klux

B 7 WEEeRETEEOME
Fig. 7 The effect of light intensity on the growth vield




Pl Eo&ihs s, BHOBEHRORKE, BE, E5#, PcHOWTFROE»HSATE C anti-
que DIRBFIZRE L TOWAC EMmE i, UL, 2R oaWBEBESEd Chationelle DIRERHIS
ELEVESTLERNOBESE TETCALNBETHY, TN SYENEFOLTRChattonelln
FRIFOFEEZHN T HC LERAETH S, ‘ .

RBEOMR ABO—RAEEHERETAETL LCHREE () v, %) ok

EBUFEETHL, VLTIV YBERIEEAY, BRFE S LTERMEEE, 7re=yiaiy
REEZAOTC antiqua 2T L, INOORBESMMERICKTTESELRE L,
a) ) voOgE, SHho ) oy EE T AMEROZEEHRICRY, Zo”ns, 0~
4 MOEHA TR ) Y BHRER L L - TED, &40 ~2 MO TIIEAER ) VBT
HHLTH 2, Eig, 4 sMELETRMAZAINGEL, 120 M THERERZ, 0~2 aMO
BEHMTHERS Y YEECEALTE L0 S T L, SRR THCELT, Bdho
YHEETEEPIZRINESN, Lrb BBk A E ChELREBREDY v UhaT LTWENE
EETELTVWS, COHREEMV A EC antiqua HBEGEHEBF T 50 ICHELIHEL - DD Y
OB (gmin, minimum cell quota) (£, Imin= FHPICWHTEEN DY v O/, /(55
Bty my CFA S, TOMEIEE 0.4~05pmol /cell (=12~15pg/cell ) &75 %, % 72 Chattonella
—ffad oo soa s raERIE~10pe/cell THADT, 7007 a4 ABERND Y
YOBRBLEEEL2 ~ 15K 5, —F Chattonelle HEGFEBC B 5 @Eikdhoy vy /
ooz na) dHERBHET L3 ~1.8BETHS REM, 19800, —ABICESEIL ) vilE
TERERIC B/ EE “luxury uptake” ic & » CERARICAEO U v &2 & DAL, BEY-00
Y v DBE g (cell quota) 3 gmin DECHLL R BET S EAM LN TS (Elgavish, 1980) o
HB iz 80 THE & Rt cell quota 48 V4|IR TR EEE TE L h minimum cell quota i
EHHTENT oo, RMBEFMITB VTR Chattonella i$, D Y v HRE LKL
STWHT EMTEENE,

=107 cells /m| 2 days culture

! pyam ¥
(] 8 WBECRIIT A CEREOTR

Fipg. 8 The effect of orthophosphate on the growth yield



b) ERDE, EHEB L LT NaNOs, NH G, REZE, C antique ORI RIFTEROH
RERE Lo, BonABREEKoIRT, ZORMSHE AN & HIC80 M EUF ThEHE, 7>
=9 LR C antiqua OB IC, FHIRERE LTE =, 80 «MLIETREREDBSMERIIN
MiciZ2L, Tre=y L8 CEARREHENSRENS, HREEHRHL LTHOZIBATLIEM
B NOy, NH; it T/h&0dd Coantigus 35 ABEOREAR L, 150 aMB ETHEAR
To 0~40 M OBERBETHATIMBELSREE L ES, BHBEEREM LT L
Thad, Lo Ehs C antigua OEFHIZHE S minimum cell quota A B4 2 & 7~8 pmol/cell
B, PE-TY v, ERicH LTESNK minimum cell quota 526 C. antiqua {&FID P @ Nt
TERHETHEETS L1 (T~8) &0, BITEHLN TV ZHEHOEEWNLEP : NIkl @ 7
ERE—EE 5. B ERA DEEER S 6, 20 M FOBERBEICE T, MG, T
Ty MEOVWThAERE L LTCAVTOEERIZEA SNV, 20T E3EXRBELHE
e, 7220 ABEOVTATELONADECHhIDSTERNB T TORETR, Treova
B LAAENG G BBRIEEVPICER N E I NIZRRBICL-TEE - TLB LN
WHEERLTORIKEFEFL L, Ll BERICESHEGEE0 »Th, HMBOEES D LILE
FHED EVALOESCIHERE, Ty £ ABOMTESHE LB L050T, 5k, B
B TOREE, Tye2y AE08RE, Chattonells HREBOMEFEETH L H> LT 55
i, RicERBRE LN THEBRE KT A0A TR, BcAROIERE S B\ THEMO EEE
2, MBS, 7Tre2 v AL 0RALDEESEET AHENSES D,

< 10%celis/ml
27 days culture

fo__« S
¥ 10 00 1000
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0 MERcREdF o0
Fig. 9 The effect of nitrogen on the growth yield
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SUEED S C antiqua DR RIT T, =>4y, B8, a0k, SFoBBEBM Lz, &
B, choHMBTEREL, FeCl;« 6H0, MnCly + 4H,0, ZnSO,- 7TH,O, CoS0,+ 7TH,0, CusO,
5H,O @EETHRM LIz A8, BlEEMICE Na,EDTA - 2H,00350mg/1 &, MRERBICH L TEHRIC
BENTVAESH, BHOTHBLELAHERIZLALSHEDTALF L - LABTHEREL TV 3 L%
Abhb,
Bonn#BRER0~1LICTT, HI0h S, C antique OWMREIZEEHEBKGET LM £H
CHE C>354M) R EAD 5, MEHOEREFCIBHOWERTIE 51, 1971) fEKEH
~DFD 5 AMODIEMNT Chatonells DR HSEIRIID OO 8 EICbET 2 L Mefs N TEH
U, Chattonelle FFAICHE S, RERT & L TOHOTEM WS TRB S i, SHBi3HEK
PO BEERE S TAESHAT, C antigue OYESTHHET - S0 BE, HERELOBELH
PICL TR BENEA D .
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1
[Fel! uM 0
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Fig. 10 The effect of iron on the growth yield

—H=v A UTRRINCRT & 2, RINIC &L AEEROELR 0~40 M O TEE
BONIEL . CREESBOBLER (B, 1971) 15bh, BRI SWIL k< v H ¥ %40 2M
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B, BAOHOIHRSEEOR G kERL - BICRT 2 8ELE DD, HEVERE-ET
HOBEMBO= A v ERACHETOE GG LIGEEEOR) e 58 U bDMRE Char-
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ZERBETHAS '
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Fig. 11 The effect of manganese on the growth yield

Ty, 35w Me TR, 13K e Rd £ DT, RN &2 HREENRE, BHohid
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Fig. 12 The effect of zinc on the growth Fig. 13 The effect of cobalt on the growth
yield yield




S DO TIRBILAUTR L7z & 512 0.02 oM O BN TR S BEND 0% LR 2, ZoER
EECHEA GO LT H5, MERCL HEH S FEOHES (CuRINE 0,02 4M) 4 844 -
AEL, 1400, MEEMO ST T8 U/ bE 8 L. MaMOERRIAHET -8R,
AR A S DR 3.5 x 10 cells/ml (BEHERZ: 800 cells/ml) 1 Ui Lish =D ICSHL
I LA b3 6.2 X 10° cells/ml (BREMRSE 600 cells/ml) 125% L=, SRR N
WEBTHHEIRELTL +=6627T, GRE IS THRR . Nam=Ngrn $EN5405,
PIEDHE RN S 0.02 aMOSEDIEINL Chartonells OISR S A $ 5 LEH/ TS 3, ST ENIC
& STCRIATSH B LT D KR 1 A Y EEEMSI0°M Bl iz 8 3 LB 2 HET 5 & vbhh
T &7 (Anderson, 1978, Sunda, 1976) H B TORBTIREB LA SOHIIZEDTAIC L » T “4@
k" &0, L olECTANROREA, BRI TOADTHA S, 4ikid, Do
DEFIRELEESIER & BBEFIRIEDN C antique DHEFEIZED L S HBAE & 544 MEES
HLUERES D,
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Fig. 14 The effect of copper on the growth vield
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21l Ef, FT IV, EAF By EHETIEOMMRESRIILASEDSNL L, K
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Fig. 15 The effect of vitamines on the growth yield
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Fig. 16 The effect of vitamin By, on the growth yield
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Fig. 17 The effect of glucose on the growth yield
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1. Olisthodiscus luteus

The Effect of Various Environmentat Factors on the
Growth Yield of Red Tide Algae

AL, Olisthodiscus luteus

O hHEE D ERE & EOEE

Sakae MORI', Yasuo NAKAMURA?, Makoto M. WATANABE?,
Susumu YAMOCHI® and Masataka WATANABE?

B 5

KB IR Olisthodiscus luteus OB R ITRERTOESS, ATk
Hh ASP,-M & F W THRET Lo, TORRLITOEEMA ST -1z,

1) Chattonelia sp. /T H~IFEEFEE 05~25°C) MEL. £EE 12°C)
TbHhHIREEBEIETH S, '

2) FRERHOE 2.5 ~35 % XD TR,

3) NO;3, NHi, RFEoo+fheSHiEL LTHATETH L%, 73 VBEERDA
TEM, NHiE 1,000 eMO SBRE THLHMEEMAE L0, A ERELLT
NO;, NH;, REOQOEFNEH T HEREECE LI D SN0,

4) BOEMEHEREE U RET 208, = 8y TREE TR,

5) £ I vHTRB, &% WAET 5,

B) HEMICIIEMERETRIIN G, FEERATRERINTFELTLERET
FHIL,

Abstract

Olisthodiscus luteus, the organism which causes heavy red tide on the bay of
Osaka, Japan, was grown axenically on an artificial medium. The effect of various
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machi, Tsukuba, Ibaraki 305, Japan.

3. KERFFRKBEZERE T 599-03 ARRATREIEIE /1
Osaka Prefectural Fisheries Experimental Station, Misaki-cho, Sennan, Osaka 59903, Japan.




environmental factors on the growth yield of O, lureus was examined, The optimum
conditions for the growth of 0. lureus was obtained when temperature was 15 to
25°C, pH was greater than 8.0 and salinity was 2.5 to 35%, . This organism utilizes
ammonium and urea as well as nitrate as nitrogen source and growth was not in-
hibited with those nitrogen source over 1 mM. The growth rates were not affected
by the difference in nitrogen source.

Addition of Fe¥ (> [ uM) with EDTA (80 uM) well promoted the growth of
this species, while Mn®* (0 ~ 20 uM), Zn** (0 ~ 10 uM), Co?* (0 ~ 1 uM) and Cu®*
(0 ~ ! uM) did not.

Addition of vitamine By; (> 1 ngfl) promoted the growth of this organism but
other vitamines such gs biotin and thiamine did not.

1. B %

O. luteus 13 (57 4 KB, B1) 13 5~9 BIokIRiS, MUBSIcRETBHET, RHEK
HETAHRMEND I BRLHEEED S bO0—2TH 5 MIMA, 1976), BB THk
EALE (Thomas 1978 a, b, 1979, 1980 a, b) , Fa#EL (Lackey and Clendenning, 1965), Z&E
(Lackey and Lackey, 1963) , S, & - (Conrad and Kufferath, 1954) T O, lutens OiFEHEs
ENTHEOHANCH TOROSGHOLEOCHFHEETHLE0AL I, R -T, KBOHME 4B
PRI LT, HRDOHPIWMEHNLZN TS (Cattolico er al, 1975; Tomas, 1978a, b, 1979,
1980a,b) . Cattolico 53, ABO M RIFTIRIE, REE, 5 3 VB, OBREBOHIK
LTHD, LEHANET TOREOMRSHEN, DNAARY & EREdEUN £Ho i LT
W5, Thomasif, KEILHEH, Rhode Island ¢ Narragansett B icF L L, FBEEERT S 0. u-
teus O  ABEREAIRICET LT, —#OMEODRT, 0, luteus DR « 75 - %
BHEGEEICET SEE, B OKE (Thomas, 1978), 0. luteus ICHEZE & 1172 benthic stage
OEENRRE € OEENEH (Thomas, 1978b), E#é Y Y OEMOE HFE N (Thomas,
197N ZASHICL, HIT O, luteus DMPEARDOER, |V /BE, 7074 vaB ELEERICRIETE
& WAE ORhR % T L T4 5 (Thomas, 1980a) , 4.0 —@DEERBF T % B8 & LT Narragansett
BB DS 0. luteus OEEETY - R/IT L. AEREHOIKCIEE, £ifsh, Mapdk, it
UV, 5, REEILIOGBEELTHATE, ZLTHHNTD 0. luteus FEBO S
H#EYE, benthic stage FEK, WREAFIC X » TREL S5 2 & &0 6 hic Lfz (Thomas, 1980b),
Thomas DFFFE, WA BFBARLRTTIEACHBTCBECELILOTH LAY, HORES
BARBM O TRET S 0. luteus OFRFREOTNIC|REMICEHAT 5T L ERTH 3,
Thomas 3 O. futeus iC DV T ST L 7o ARSI, 18088, B L EJHTIREE, VY
D& TH O, RFFQBDAARBERNEETD 0. luteus DIEREIC I B CBSE LTV 5 L0
Xt LT Thomas D7 —# I GRREAT AL SR TEL 0, Fi, BEMICE -EicBv 2 BETH-T

b, ERERIRRE T & - THEE, MR RS TTRER 13 5 T L AUREAT L B (Watanabe, 1977,

b), T, HEFEOHHIC G 2 RMOREBELRULHKE, coBRICHE LLBo4%:
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B 1 O luteus ODUAMBETE
Fig. 1  Microscopic figure of 0. luteus




HOTZolh - £ B EHO b L, 222 0B BOBELIREL TOCLEXH L LVWAS,

PlEogmict ~ TR 413, Thomas 74 LARNFEEBEic LoD, KRESNEIcET 3
O. luteus OFMREBELETLCEY, FRTCEBR)NNERE LD S8 L O, luteus DFHE 2
o —vIEREERWT, TOMBERCRIIBERTORBICSVWTER ULERAHE T3,

2. £ B

MR 19794 8 A, KIRMEENI THERRMPERR U 0. luteus ZB|EHNIC 7 o0 — 38 Lok
ARV,

HEiEs  ASP, #EFWE LZASP,-MEA D (Table 1) o« COEMIEEBET B 0. luteus @
B3 20O TRIFT, RAMEBERE 4x10%cells/ml HELH S,

EERE 200ml O=ZA 75 R T 100 ml A A - R V- TEERCREER L

CNEIADEBREH IR (RS, 1081) IKEEC,

3. BRLEE

HBHEFOHR
a) @ ®

ERICRETEABEOFE AR 2 IRt O lutens OFABEEHFEZ15~25CitHH20°C T
FROEEERT, $28°CUHETRRTEIEFLCHEFENS, REERNEICEITS 0. luteus
DAY (> 1 X 104 cells/m) FREANCIZ LB 6 B s, EE2BETKEN2
CiEFLTL 39 Bpaiciifilzn, 7~8AonEkiE (256~200C) Blicdgllahidn R
o, 1979), ¢ LR O uteus HFRBORERIKESTERRFELTES LTV 2 L%
RLTWE,
by iR

BRSO luteus OB ICRITTHEAR 3R T, HFBEAEEIG 25 ~30 % ExHH
TS, 5~30% ORFATRADMBRMSE OGNS, COTEND O luteus 12, FHHTHEL
HRBTHINARETH - T, BAROEBICL ~TRETCHBMBHEMINZC @MV EELS
na,
¢y pHo$hRE

PHOMRER 4 1TRT, O. luteus i3 pHBOLI L THEIC L CHRBEL pH B8 THRAD MM
BB LT, HEHDNEICRD 2 pHIZB. 2 ~85 THADT O luteus DHEERE LT3 L
EBALNB,
d) B &

BEOMEER 5 ITRT . 800~5000 IxTHBSHAEHME Shkds, 10,000 xT R AL HE
s,




%1 REEEEmoEK

Table 1. Composition of basal medium

ASP,-M (1000 m1) ASP; (1000 ml)

NaCl 25g 25g
MgS0,4+7H, O 9g 9g
KCi 0.7g 0.7g
CaCl,-2H,0 03g 1.lg
NaNQ; 51 mg (600 uM} 50 mg (590 M)

NHH2 PO4 - 2H1 O
Na, glycerophospate

9.4 mg ( 60 uM)

20 mg ( 60 uM)

Naj Si03*9H, O 10 mg 70 mg

H3BO; 34 mg 34 mg

Na; EDTA-2H,0 30 mg 30 mg
FeCly+6H,0 1.9mg( 7aM) 1.5meg( 5aM)
Co804+7H,0 28 ug (0.1 uM) 140 ug (0.5 uM}
ZnS0,4°:TH, O l4Amg( 5uM) 0.66 mg (2.3 eM)
MnCi, *4H, O 10mg( 5ueM 49 mg( 22uM}
vitélmin By 1.0 pg 1.0 ug

biotin 1.0 ug 1.0 pg

thiamine 0.5 mg D5 meg

TRIS 10¢g 10¢g

NTA 70 mg 70 mg

nicotic acid 0.1 mg 0.1 mg

Ca pantothenate 0.1 mg 0.1 mg

p-amino benzoic acid 10 ug 10 ug

inositol S5mg S5mg

folic acid 2 ug 2 ug

thymine 3 mg 3mg

pH 8.2 7.8-8.0
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Fig. 2 The effect of temperature on the growth yield

21days culture
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Fig. 3  The effect of salinity on the growth yield
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Fig. 4  The effect of pH on the growth yield
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Fig. § The effect of light intensity on the growth yield
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ay y v

JVBIRE LTA b ) B (NaHPO, « 2H,0) 2HW, Y vOUMBEL 0. lureus DESHE
BOMGRER~<7 ®6), 0~602MTY vAFIBERE L - THD 60 M BLE chifaE i3 fafn
T5. £ 0~10MOBHATREMEER ) YBECEFAI LTV 3%, minimum cell quota, gmin
ZRBAC LTS » T Imin = 90 fmol-cell™ (1 fmol = ix107Y° mol) OEME LN D, &
o, AtV BEORYCT ) eo ) VEEZBH WSS O luteus HBEAEREFE Lidh -l &
WORBE V4R T 4§ —CREEHTOT EHTRERENT,

x 10 cells { ml

20T
25days culture
15 f
101
5 -
o o5 1 5 10 50 100
[PO; ]/ pM
B 6 #MEReRETAALND) YBOTWE
Fig. 6 The effect of orthophosphate on the growth vield
b)) E R

BHM e LTHEE (NaNOy), 7 €= a4 (NILC), REEML, EREE L BMED
MEE Lo~ @7), i, RELZRGEEAIIISERTEE (0~2,0002Mas N) TE
FKOHRET LU - T B, 7 Ve ABEZAVESIE 1,000 #M $ TH Z& & GEHOMBAE
ERTH 2,000 tMTW 3 WEHBEFT, —Hic7 v E= 9 LRI EHEE CEEOMELHET S
CEBHONTE Y, $iZ1E Chattonella antiqua TIZ80 aMTHIREICHE S (P 5,




1981) Prorocentrum micans T 160 oM THREEMEASMED 1/10 $ THEsh 2 G
19800, &TAD, O luteus i 20T 2.000 M T2 WHENHNIOATHY REIT2L
T C antigua T3 150 aM TEOHESHA SO L 0. lureus T3 2,000 oM £ THHFEE
BHONE O COCEREFICHEDT vE=7, REAMDOLD 72KBTH O. luteus HHE
L33 EaRmLT0AE,

WRICEFRR L LTa-7 3 /JEBAHEINS 3L RS A4S, YNV, T5=v, 7
W I rBIEIR N T, EERBEEY 0~ 1,000 MO @A T 8BRS B AL, 0.
luteus AEEE L1hi, EORBTLMMIEA SN s/, — Mahoney & (1977) {3 G lu-
teus WL ABAOBRIEWMORULER~, 3BT I /BMO L7 v &G0 LRI &
NAELTBY, RAOERFRLICVE TS, 8F 6 COERIHMNLREIZ L 04
M EICENSBETHERELHADTEA D

x10° cells / mi
40 °  NOyN
NHN
2 Urea-N
----- 14 days culture
30 ¢ —— 28days culture

20[’

0 1 5 10 50 100 200 500 1000 2000
[N]/uM

B 7 BERCRETF oV OHE
Fig. 7 The effect of nitrogen on the growth yeild




PIEDFEE O luteus 3FHEFE LTHME, Tre-9all, RELLCHAT R Eb50H
S7DT, F4%E 100 #M (as N) F>&¢r 3 B EHT O MR % b Lo (8. ol
Mo, WETNESEREE LTHCTLH, MESEcLd@#@nond, ©dhd k=085 dsy! (dou
bling time T 0.8 B) THMT 5. —F 0O, luteus FARERBICBLTRAT vE= v a0k
HIHEEE L O PHICHEBEI NS CLAREINTEY RES, 1981, - TS5EI7 &=
o Al B A RIS AT O, iteus ~@ LA GERIEO L DALEST L, BiEED
BT EIT > TR BEBH DD,

{756 0. luteus OEFEICIHT 5 minimum cell quota ZEMTHE | pmolfeell &85, =
i PN Y i 9 % minimum cell quota 95 fmolfcell 2Rl 3 &, et 1 110, &
BHTI1 16885,

-
S

cells | ml

10}

— 1 1l

0 5 15

10
DAYS

X 8 MM, rrE=valf BREEFERFELUCACIE oRIER

Fig. 8 Growth curve of O. luteus using the N-source as nitrate, ammonium and urea

MBTEEOME Chattonells antiqua DG & DT ETHMETRE G, v F ., Hh =
SOV b, 'Y FFE Y, RO#E) A 0. luteus DIEREICRETEEERF o BIC OV TRE Y TR
L& 9120 eMETFTHIRETE LTHOTEY, ChBLoBE TRIRBREENT 5, 1
0 ~7 aM ORI T EERAKO BMBE I HEA L Tk.9, minimum cell quota % B 5 &
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Fig. 9  The effect of iron on the growth vyield

Qmin =6 fmol. cell™ L7013, Z DL SICIL O. luteus DRFEICHHATE LT LIS EL -
oo —H, BEG (1981) &, KIRBBWTE, QMmmmﬁﬁKﬁm%mﬂ¥¢uofh‘
BLEETRELTED, SHRISEERT 0. luteus BEROHLHNT L EL bic, i, Hwkd
THOBFRESFT LT 0. uteus OFRMRE L 2B0RE D 2P LTW L AELS
AB, TYHLCOVTREINERT LA, 0~20 M OFEINTRBICENA LRI 21z, B
Sz 20 THENIETT L2 0~10 M OB THEMERIGE EASER LGV, 300 b 3EN2
WA LD 0.05 sMOBINTH AREHEBEMENT 5. FHERISIRT £5120~0.25 xMD
T, BARIEEALEE LB, 05 oM TEEBROETHALNE, €1 77 Y DHRE
REERE XD | oM TERMRICIE U THEESENT 5, ) 77 v dERABERNICED
AN HEEA & v EAENR A4 VOB T ARGOBRICEENS M, 1980), #-T7r =
o LEAEERE LTEETAE, ) 7F v OBMESNEIENS OARESEL SND, kY
FROVTRRIGETT L 2 0~55 eMOBETHBET £ LTECTW3, LasLBkicds
oFEM A0 aMESEHEH, FURMEECEBETHRER LB LREVERDNS,
E4 3O3R O luteus Oy I vERWEMABI, ©4 I VvBabEd i viysA8,;
(FTiv, EAFYZEE2E) K20 TR L. TOBRERIGIRT ., COEH:5 O lu-
teus (1B, HEHEE L, Bph0.01ag/l LIF TR B, MEALE - T AT LHnH5E, &
12 Sy IR EALHEBEEENR BRD ST, -1,
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Fig. 10 The effect of manganese on the . Fig. 11 The effect of zinc on the growth
growth yield yield
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Fig. 12 The effect of cobalt on the growth yield
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Fig. 13 The effect of copper on the growth yield
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Fig. 14 The effect of molybdenum on the growth yield
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Fig. 15 The effect of borate on the growth yield
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Fig. 16 The effect of vitamines on the growth yield
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6. FEREHOEBECRIITEEEFOEE

IIl. Gymnodinium splendens

The Effect of Various Environmental Factors on the
Growth Yield of Red Tide Algae.

NI. Gymnodinium splendens

diitgEE s L {5 BLIEE

Yasuo NAKAMURA'!, Makoto WATANABE! and Masataka WATANABE!

E R
13D 7R Gy mnodinium splendens DYFERIC BIZ T HBIERER T OB -
K £/2 ERO TR Lo TOMRBRUTOHERBH ST »10,
1) HEEEWIRIRI3~24Cikdy, 17T~ CTHABBERMELAS, ¢4
L Chattonella antiqua 2 0 S{EKEAFE.
2) AR 15~35% KH D 20~32 % TRAMBMBLER O S,
3 FEPHM 7.5 ~8.5 LR,

Abstract
Gymnodinium splendens, the organism which causes red tide on the inland sea
of Seto, Japan, was grown axenically on the enriched seawater medium. The effect
of physical environmental factors on the growth yield of . splendens was examined.
This organism grew well at the temperature of 13 to 24°C, pH of 7.5 to 8.5,
salinity of 15 to 35%, and light intensity greater than 2000 lux.

. B &

Gymnodinium Eitiéﬁﬁﬂﬁiﬁﬁ}'@'ﬂiﬁﬁ}_ﬁﬁﬁ, M ARE, BLU=ZER RSB TE M
SHIZHHTRET B, shBACEV TR, KB 7 o) FERRERIARE L TRERICRIE
EREFTHBHSN T B, REICRET 5 Gymnodinium RGBS A0T90E, S (1976,
1979) OHFERFEATEY, BRANE TORERERR, FiicE 5 ETOGymnodinium

1 BAEMEH AHEDERER T 306 mEEsmilsmpe
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.




AR OB L, FART, ERERLBL TRINKEIN LTS Y, 20RE0AEmF
HROMERICHEGTTELEARAEVENVL B,

BIF PR IC B T, BT Chattonelia antiqua D385 608 L #1%,  Gymnodinium s
B S LS THRBATR S 2 2 EAMESATHA (EH L, 1978 /MK, 1979) 4%, oo s
BFEMEBEAERICDUTRRBEALTEATH S, BHEO—A, 1 (5) M1THEREH L DT
KL IBK & DIRGIRTIC BT L Gymnodinium OB, B - 0 - 2 RESATER - A5
WAie £ D Gymnodinium splendens LEEZ Nt (K1), CO/EBMC antiqua i AR d - TH
WA T % Gymnodinium &{E A E S i3, 5% THRE SQTO 358 Gymnodinium O5YE
MHECECDD, FBPTH B, L& bHENIEHEEIETCLCHULTVEEVA S,
20, HFOSEFLOBSIIEZ, G splendens & [FE & Wi BB ko £ BRVEE D RIT,
BEBC B ORHEOEREHN T 258 E W TEESERARET 2 0 s Bbil s,

LLEoEED T, F4id G splendens IR BT T BERFOMBEEMIT LTEY, ol
BRTHAEETH OO LG - T BHRE, HAWE, PH, BE s A58 LTHES 3,

2. £ B

P 19794F 1 A, &R MM CHREL L7 G. splendens % BERIT 7 0 — 538 Uictk (B -
0-2) #HWI,

E R K%KLT%iT®tCE,AI@*%%T@GJMM@M®+ﬁﬂm§ﬁagnu
WE, Ak bR (/2 e BEIEM L LTV, B TBERT & LTRYENRTFOEEDS
EWE LT, & /213 O ~— X E Bk, BEHEKAEE L1,

THEADHBREFGRTHRICHED 12,

3 HRLEE

a) mEEDIHR _ _ .

K 2 G. splendens DRI RETREOHE LIRS, Mh oW ohil i, MEDFEE
Bi313~24°Cled Y, 1T~20CTEROBBEMIESNSL, COERG. splendens i3 C. antiqua
CEHATIFRRERENL <, 2R KINMERYIEEN C antigua 1T~ TIENT & HIFS A
LiE otz. (C antiqua DT TEERE L 20~ 25°C, 22.5°CTIRABRBART,) —4, BEHC
T 19804, Chattonells OF#EDSEER S, Gymnodinium i £ BFHREIMFELE L (K,
BiE), COEREBNGMEDR, AKEESFIELY 2 ~3 Cllhof, WAL OERERL S
HbHEbE, KEHEEEHD C antigue 1055 G, splendeus (0 2B RET 2EEHRF T
HET LB o,

v) AR | | o

T EREKTIRE 5C L0 L T 5~ 35 % OEARO [/2 AL L, G. splendens D



1 G. splendens DFAMEEEH
Fig. 1|  Microscopic figure of G. splendens




B RETESRONRE ALK 3 ), 6. splendens DIFBESMEIZ 15~35%4cH D, 20~32 %,
TRADEMENEOLNS . COT &3 G6. splendens (3 €. antiqua % Olisthodiscus luteus & Rk
LEACAEKRLD STVEHKEETLC, BT AT EER LT b0 —F Gymnodinium 78
FEEDBOBBHHO MM IT131332% THE0T REIT 1980b) G. splendeus © K5 ¢ i
LT3 EEZI LGNS, .

20 days culture

x 10eeltsf mi
6
4.
2
0 20 30
temperature/C

K 2 fEsEcRkEISREEOCHE
Fig. 2 The effect of temperature on the growth yield

22 days culture

x103cet|s.' mi

10 Zb 30
salinity e

B 3 HERckETERIBOYER
Fig. 3 The effect of salinity on the growth yield



¢} pH

f/2 Heniciris (hydroxymethyl) aminomethane (TRIS)% 1g/1 ZM L, M T pH % 7.5~8.6
OEBETELSST, BWECKRETPHOMREFNL (R4). G splendens T E pHIL 7.5
~85 &5, PHT.9~8 1 THADMHEETRT .

«10%cells /ml 18 days culture
1
&
‘]
7.0 80 85
pH

B 4 HERckiETrHOBE
Fig. 4 The effect of pH on the growth yield

d) B E

0~ 12.0001x OHIFEATG. splendens DM FIETRECREZE~: (Hb ). CoEhD
2,000 1xL) oM B R fficE L, COUTTRAHHBRT L TS 0005, L
LERPEAUE LEh ok, Brigsibegdaud, 2000 x BT ToRETH, 2,0001x B
FERISoEMBSECNI LS LIEL, SEBREABEEECHT2BEOEEBL AT (L4EN
HH,

<10 cellss ml 14 days culture

24

0 . ” -
0 2 4 b5 B 10 12
light i ntensity / klux

B 5 WERIRETREOHR
Fig, 5 The effect of light intensity on the growth yield
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1. FREWER Olisthodiscus luteus D) EEIR T TORISISE
1258 KUY AARMDEN N E R AR

Growth and Phosphate Uptake Kinetics in (Misthodiscus luteus

Grown on Synchronized Batch Cultures

REAH - D 2 PNER EREF
Kunio KOHATA!  Makoto M. WATANABE!, Yasuo NAKAMURA'
and Masataka WATANARE!

E B

U HIRT T Olithodiscus luteus OFE (Yo F) HBATH, BES IO v
ROB/IFRRTEIT > /20 O luteus (12 - 120 BEE AT CRIFIZE Uk, M
D) YRR (S 0~5 pmol- 1) LEEHIEN ) Y SE® (Q) LOMIICE,
SEEIRREIZ Y T Michaelis- Menten JEQO@ = FASBEM TS 12,

BEEETHONIHHER LS EOBMR, /i atQsoBRE, g
DOTHEEERTHRONCODERLIEAPBH D, BETHEINESRETD
EFARE, Z0EEOR TRATEOBITRETOMRME TR TE L1,

Abstract

The characteristics of phosphate uptake and growth of Qlisthodiscus luteus were
studied using phosphate limited pupulations in batch cultures synchronized with a
cycle of 12:12 LD. The relationship between cell phosphorus content (Q) and
dissolved orthophosphate (S) was found to obey the Michaelis-Menten equation
when the phosphate level was between 0 and 5 uM. The relationship between growth
rate (p) and Q and the relationship between p and § were compared with the respec-
tive relationship obtained in chemostat cultures by the use of the same strain. Those
relationship obtained in a chemostat experiment which established in a steady state
condition were not applicable to a batch culture in a transient condition.

. F W
BEROERBILOIRN T 7 v o b v OEEREFL B0, FlEi SRy R EED

L ELAHEDEER AKETEREE T 305 SREIBES maar
Water and Soil Environment Division, The National Institute for Environmental Stadies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan,



AEBMIC LA bDTHDLEEELDLOE BRELVHRETTER 75 v 27 b vORREES
AD, I BE-FNBETIBIBERINT S &, KRB EBRICT A L TRBENT
LTHAHS,

B TOEEGIAR, ) v - EECEOLHARBEFRT TR B LBV, COLH KRR
FTiR, BEZEORBETIVACEBEZEO LRI LY, BRBSTERTT 2/ 008K
TH B,

AR TR, ) VEEY yOBBER X AMDALBEBEHO NS B0, 20BN E
i ¥

BEHRZTT 5 RO OFEBRFEIERERSR, FE (N0 F) BEROZOASITS %,
—SEORBAERMICE X, FERE (teady state) TORHEEA 3 EEABRROFTH, EROE
B EHOSTENR TS (Watanabe ef i, 1982a),

AP T, BELSQRE CEEIRE TOMNTTHAEMBLY) VEREBO =70
(Watanabe et al, 1982a) ¢, RECHE B TOMRM TR C 2BITIKEE (transient state) TOHFIC
EOREFEATES bO0RITT 572012, Olisthodiscus luteus D) YHIB T COSTEBHR S
T-1

Ff, oAy YEORICASNS L9, EHICET L E TORMIE], HkEEE
TREZLGREEERD b, MEORBICHANNRES:.

2. ¥ B

FHERI~NVDRN B 4 RBHKD /Sy FEEETH, BEEBOBUER 1t Db, 2TOER
T, O. luteus [IFHK S (Morieral, 1982) O¥kERH WV, Vv EHIEAFE L ASP, — M
(Mori et af, 1981) ¥ f i, BEEGORBEE L 221 1°CItE - -, BoL@BEE (04,0001x)
RGT, 12— 1266 O AR A I TR L .

® 1 E B & #

Table 1. Experimental condition

Experiment No, 1 11 Il v
Experimental period long long short short
f initial PO
Range of initial 0, 0.01-50.0 5.2 0.5~5.5 0.4-39
concentration/umol-1
Measured articles N NS Q N, S Q0 S 0Q
av dN aN daN
—:S —§ — S8 —=0
Obiective relati a0 dt dr dt
io
jective relation v . dN.Q 510
dr’ dt’




0. luteus O3B RHEEORBOT CEANICITEN, FHisHLOFER Bl THEC &M
¥oN T A (Watanabe et al, 1982b), fE- T, EB 1, 0, UTR, #+ 7Y v 7HF IS
& B HIRIE AL D & &0 150 138 G 15EE D] &AL

(&) FEI T, POKZO ASP, M EBHUCTIOBEOTHEEEIT -0, 0. luteus DK%
U CERE P RSB ASP, ~M B 100m] HIT inoculate L1z ¥ U YEREBE I
0.07~50.0 emol- 17 DEMICS>WTFF oA — T+ 53 4% - AR TAIE LI (Murphy
and Riley, 1962)c Y BRI 0.01 3L 77 0.05 amol « 17 OB TR, BEMNA - b T+ 744
ik ZRFERABLTFROT, BRBLOHELBREOMELSH 0, TUEMIRSEE s < 10
cells/ml TH A foe EEHE 2 ~38 T, IcH ¥ 7Y Y ZEITo, RSB E N THE L.

B #10Y EREEE 5.2 pmol - 17 i 500 ml I EIER I £ B O. Iuteus & inoculate L
T, FBI%{T»7. 0~150B% TDEA, 13~15BOMIH 7 ) » 7 LT, Mlas it
ERHOTHRLC. ERIT TR, SietRofic, miaAso Y Y BOE(LER s 0ic, &
i3 Y YBRBEROL SICLTERE L. ABO10mI%E, 79 b=YGF/C7 405 —%
BOTABL, AhDY vBE+F - T+ 51 F—THRELK, ABBOMRIIFEHRIUSELD
Lk, COFEHT, HRNDY vBAHRPILRINT L @b, T, BV ¥ T E
KOWTHIM Y VRIS - 1 ) VBRI A2 L1, BENCERaN: ) v EE
HEL.

€ #EY vBIBE 0.5~5.5 xmaol-17" D 6 BHEOEHE 500 ml K MR B H5 % 10
cells/ml &7 3 LD ic i umiic & 2 0. luteus % inoculate LT, EER M 51T - 7z, SEEHhIC
DWT, HIRE SRS 2,000 ~5,000cclls/mlicZ LAZHLY 1 HIROY ¥ 7Y ¥ 7% iants,
HEOmIZGF/C7 4 04 —THBLIHR AETD) VBREELEA— T+ 54— TERE
Ufce £/, HBILEBICLT, BREACHEE s YEFFHEL,

D) EEOFTE~NS LI, M) YEoZ{d, Sido) YBEL,DTEC, Mian
SUCE D ML T2 C L THEREZT 5, HA, MRS IV YBEEORSH L E
g, ITiR, Zofisrolionlit, MlaNAo ) YEBOMEEZ, fRICLEEREZUY
BELTCHANZ 0, O luteus ODRBDIEL ST OI3RFAS1THE TOMEICIRD EBRIVAIT -
foo U VRZIREED O. luteus (1.2 x10%ells/ml) £10CmlD3AH7 722 10@icnd, §7 7
Ao ) BRS04 ~39 aml -] TRIEB D) VBE—F U O AKEEE 200~
CADD 21 INA 7z, 3EEIBEEBISmI S0 ERILERICAEL, AP YEEBEL A -+ T
FFAH—TRIE LK,

. % B
&) FERTI TEORAPBEROEAR ] KRY, THENOEZOMBT T, i)
B (S imole1Y @EIEAE Y, ) YBBRENS0.01~0.052mol- 17 OEBHIZOWTRO~
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FhEALR T oM LEROBHEEL, EHRHUXTRDIBEE TS, /77
HOMFE SR OB Y ABEEAEFHT,
Fig. 1 Increase in cell number of Qlisthodiseus luteus in a batch cuiture shown
with linear regression as calculated from Eq. 1

Open and closed circles indicated cell numbers obtained in two different experiment.

The number in each graph denoted initial phosphate concentration in medium.

4 B A DmEBaKE L, S, 0.07~0.38 2 mol+ 17" @EEHC DN TIEH 0~ 7 FABDEANE RS
&Y UESIBEEIC B A WA o I RDER ER (# A7) ZR/, FI Y REREEEAS0.80
pmol 17! O TR (lag phase) AEE S A e, 2~ 9 HEDMMEEELER O T
Akt E e, MEEETRCRD 2EREZHVS TEBZITOIER LA,

N()=Ny-explalt—£)) {1)
P L, NCE) Ceells« 171 ) 36550 ¢ (d) ic B0 BMfaEE, N 3% 4, i B4 2 0

HERT,




AEORRGoN Lt pESOWHELLICE2RTT, £2th, 40RER, ToOOER
DEBEME, SHBECRBR T IEERL, ShSOIEEA— FTH 54 F — TORFELE, S
B </, thoRODIERRAOREEHEFRLHCTHEL L,

GR=

L, BEERASGEE,

) of

HCEHIEE 0 THRT,

#  Z2 FEBRITEHOWIHERY

Table 2. Growth rate obtained in experiment I

0,38 m 2FEAEEFRT, T,

{2)

2; OB TH B RD

@ ) @ 1/ st
0.01(3) 100(300) 0.36(5) 2.8(4) 36(108)
0.05(3) 20012) 0.40(5) 2.5(9) 8(5)
0.07(3) 14(6) 0.36(5) 2.8(4) 5(2)
0.14(3) 7(2) 0.44(5) 2.3(3) 3.1(8)
0.24(3) 4.2(5) 0.47(5) 212 2.0(3)
0.38(3) 2.6(2) 0.57(4) 1.6¢1) 1.5(2)
0.80(3) 1.25(5) 0.48(9) 2.0(4) 0.6(1)
1.59(3) 0.63(1) 0.51(4) 2.002) 0.32(2)
1.09(3) 0.323(3) 0.53(9) 1.9(3) 0.17(3)
5.88(6) 0.169(2) 0.52(13) 1.95) 0.09(2)
12.3(1) 0.0813(6) 0.57(8) 1.8(2)° 0.046(7)
24.9(2) 0.0402(3) 0.54(3) 1.9(1) 0.022(1)
50.0(3) 0.0200(1) 0.52(4) 1.9(1) 0.011(1)

a) Estimated uncertainties in the last significant digits are given in parentheses. Phosphate concentration (S}
is in umol+1~* unit and growth rate (u) is in d™' unit. ' ’

b) Uncertainties are calculated values. (see Text)

. REGRE L B O & OBFR RS { OB I L DB SR TE 2 (Droop, 1973,
1974, 1975; Nyholm, 1976; Tilman and Kilham, 1976; Brown and Harris, 1978; Maclsaac and:
Dugdale, 1979; Perry and Eppley, 1981).
RN ICH LB 8o h0 £ P ARSI A DRTO 0, 20K, RLBHT, Lrba
HahTnd sMi3 Monod @3 (Monod, 1942, 1950) Th % 9. Monod iT L Ui e RREIE «
B, RIS % 0o, RERRBLEL2S ETEL

o



#=umax-7§? i3

THRENA, TCTK(mol-1"D i e =Yars ., 25 A 5% FIEEE T, half saturation constant
FFEN S,

RENIWNHBRTH 555, HADTF — 900 " ODFEH £ oy & KERDEL G EH0DHEoHD
EHLDE SH T B (Segel, 1976), FIIC, ZHOOER I LD AIFEIBEBTEENZILT
M PEARERE &R BRI & O Monod DX THENAMEOS B EBBE SR 5,

CETH, BARCEECHIFTHER oS IBOERLEH A7 (Seeel, 1976)

(i) Lineweaver — Burk plot

1K 1,1 (4)
M Homax A Hmax

(i) Woolf plot
S 1 g K (5)
'a '“max -umax

(ili} Fadie — Scatchard plot

=_i.#+_@_ (6}

4

S K K
H2icSEsOBREE, $HhHI~5A~6TEL Sh 2R  zhEFhnd, M3, 5T
i, VBEEOCREVESIKERMLSOFRENLZ ThANERTH 20X L, E4 D Woolf plot
THEMGTE, ZOEHNE G, tEk, BEOHBMEEELMEIrT 282 Woolf plot HER &h
Tiv% (Tomas, 1979, Chisholm and stross, 1976; Packard, 1979; Perry and Eppley, 1981), L/
L, COEHATREROWEANIHENRENR G v FHTRED, KA, VAP oBLOE
KO3 RENEELSURBRENS 5, 1, hoMics T, TETEZES I WIEE,
BRAERDERCLIBEOFMEE T 2EMENH 2. LitoBdniz k), KHETIER)2E
BEERACTHLOALEEORCOEZEDU THESHEIT - T¥5 £ -9y —ZREL, BEEMLED
Hiz Monod ORXDMILICHER L /o, BN 2 RBEOER, £ 2OMEMKICH L #max=0.5110.17
d7', K=0.007-£0.003 #mol-17! BB ohitc. CHODETHEEND 77 7R 2~ 501K
EHTET., O luteus iIC[R O T B LB LD Y AR HEE L Tw5 (Nyholm,
1976; Tilman and Kilham, 1976; Brown and Harris, 1978), Z O#ifary ") v 2E & & IEREERT &
DEEELE, Monochrysis lutheri OF|IC2 T Droop o@BHEMHL SR TV S (Droop, 1974,
1975), O, luteusic 3 o 5 MRARNAD ) VB & WHEFOHE & OBERAERT, TTH~NL,
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Fig. 2

prdayl

0.8

0.5 1 ' $
| —

0.4

! 10 20 30 40 50
s tpmol1”!

) BB DR L U TE Lk Qlisthodiscus luteus D W AR EET

BIRT 2pax=051d", K=0.007 #meol+ 1" #H Wi BHMmAEDIC R,
RITHRERAETL,

Olisthodiscus luteus growth rate as a function of phosphate concentration.
Solid line was a theoretical curve as calculated from Eq. 3 with upy,x =
0.51d™" and K = 0,007 umol-17".

Vertical bar denoted estimated limit of error.

3.0
o i
s 1
N [—
z.o{
1.5
. : . —
9 5 10 t5 10 0

175 4 pmal™l

B 3 1/8&1/20ME (Lineweaver-Burk plot)
MROERL, BEEROA I DHBINLBERRERT.
Fig. 3 Double reciprocal plot of § and u. (Lineweaver-Burk plot)
Vertical and horizontal bars denoted error limits calculated from Eq. 2.
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! ;JmolAl"-day
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Sip
I
o
1

204

04 T T T T T
0 10 20 301 40 50
S 1 ymgll”

Bl 4 S/¢&SOME (Woolf plot)
BB S/ p iR LR THESREBEL TR,

Fig. 4  8§/u vs.§ curve, (Woolf plot)
Vertica] bar denoted error limit calculated from Eq. 2.

i

pIs 7 ol l-gay?
{41
f

—_—

S ——lit

0.3 0.4 - 05 0.6
j.:.'day"

M 5 #/S& x®B% (Eadie-Scatchard plot)
FHR o TR s ALBRERRT.

Fig. 5  u/S vs. u curve for growth rate of 0. lureus (Eadie-Scatchard plot)
Vertical and horizontal bars deonofed error limits calculated from Eq. 2.
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Jo8 1 CUISEIRIICHED . MRIBN & B8 ) YRRIE () OZALAIG -7, COHRES 3
BEUM GRS, £30, a= L+ N DUHRHOMW S 55> T 5B B
BADIR P SR, BIA ) ZSETR (Q Fmol- cell 1) i, Kb ) VR I » &
RUTEBSO RIS £ 23 1 2 FIOMIE T 72, TRESEn, BEUQE uOMERRT,

iz st Nmde £/, BOiLsS LQOMFEERT,

F 3 ERITEHOAEREDT SRR vSE
Table 3. Growth rate and cell quota obtained in experiment II

Time/d N/107 cells-17? ufd™? $/umole1™ Q/fmol-cell™
0 0.0191 — ) 5.52 -
1 0.0475 0.75 5.48 68
2 (.0898 0.60 5.39 144
3 0.1635 0.58 5.19 197
4 0.2922 0.56 4.94 198
S 0.4914 0.50 4.52 204
6 0.8002 0.46 3.74 222
7 1.26 0.46 2.55 236
8 1.94 0.41 1.19 223

9 2.79 0.35 0.19 190

10 3.87 0.31 0.03 142
11 5.22 0.19 0.00 106
12 5.77 .04 04.00 96
13 584 0.00 0.00 95
13 5.77 - 0.00 95

_ 5 B

‘E d

p 2

z 2 L2 u-:)

% o} T ' Q +

0 5 10 18
t tday

Bl 6 FEBRUTHONL, iR (O) &V vl (@) Rzl
Fig. 6 Time history of phosphate concentration (®) in medium and cell number ()

of Olisthodiscus luteus grown in a synchronized batch culture as experiment
II.
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sr’umon"

B 7 ZERITESHKY YBEICHT 3 EEERE OMG

Fig. 7

Fig. 8

Growth rate observed in experiment II as a function of phosphate con-
centration.

P iday’

06 ° g
05 °
04
Q3 o
az .

o1

0 160 200 300 |
Qi mol cetl

HEAT THRONIHEEAY »EFRICHS 5 LIS EE OB

Echepihaid, S O R (MM Watanabe er al, 1981a) £ 4z, Droop D
PARSA o R,

Growth rate observed in experiment II as a function of cell quota, Q.
Droop’s relation with parameters obtained in a continuous culture (M. M. Watanabe
etal,, 1981) was illustrated in the figure as a solid curve.

-1
QH mol-cell
2501
a
& 5
2004, © 00
190¢
1007

o7 1 31 B
SIFmdl

B 9 ERITESALHEERA) YEFE &P ) VBB & OB

Fig. 9

Relation between céll quota and phosphate concentration in medium.
Plotted data were obtained in experiment II.
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C) EEEO T, MY /EBEE (S 7552 pmol-1"' O 1 BoRRIc 2 BERAEETT -
fods, HEAM T SoA0.5~5.5 emol-1 ' OEEORE IC > TER T LRIBOBEEEETL
TROMIT /. BEERLAICRT, T4, QB0 eDEIERTILEMCLTHELR. §
Lo, BLUQEDOBEREEZNFAKIO, 11ic, TARI2iCS & QOMFEE TR, MIlANY »S
iR (Q) @) vE@BEE (S) OB TRINZCLARS, REBZsNE, UL
BTEESAHEHAIKLY, RRI, ITH, QEIMESHOEELZITELL THWELHSHEY
DEBERL > T, COSEQLOBRBROEERIVCEMIZIVE S,

# 4 FERITHOOD/HEMEE S MR v 5ER

Table 4. Growth rate and cell quota obtained in experiment III

So/umol-1-! time/d N/10% cells-17" wid™! S/umol«171 Q/fmoll+cell ™
0.66 0 5.11 0.28 0.06 117
2 6.89 0.04 004 90
0.87 0 3.78 0.56 (.28 156
2 7.89 0.09 0.06 103
3 7.89 .01 0.04 105
1.15 0 4.33 0.24 0.57 134
2 5.22 0.16 0.19 184
3 7.11 0.14 0.07 152
1.73 0 1.94 0.54 1.11 319
2 4.67 0.48 0.61 240
3 8.67 0.45 0.26 170
2.56 0 3.67 0.27 1.0 180
2 5.56 0.19 1.46 198
3 6.67 0.17 1.21 202
5.57 0 1.94 0.51 494 324
2 4.44 0.27 4.52 236
3 5.56 0.23 4.24 239
0.6
- ° o
->‘ o [+]
L] o]
® 2.4
a
d ° c o °
0.2-00 a @
o]
0.0 T T T T T
o] 1 2 3 &4 5
S 7 pmoll”

B 10 RO THOK: ) VBE S 5 N REEE ORF
Fig. 10 Growth rate observed in experiment III ‘as a function of phosphate con-
centration
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/umui‘

o] 100 20¢ e
Q/t mal-cell

11 EERITHONLMRAN Y ~E&ERICHT B s R O BI%
RIchD b 2, BEEE TORH (MM Watanabe er ol,, 1981a) %52, Droop @
BAERND HRM 12, . .

Fig. 11 Growth rate observed in experiment Il as a function of cell quota, Q.
Droop’s relation with parameters obtained in a continuous culture (M. M. Watanabe
etal, 1981) was illustrated in the figure as a solid curve. '

Q1 mot-cetr’

300
2004 ¢ o

1008

0 i 2 3 L 45
S{/urnal-l'1
B 12 ERITEHsNHEAA ) » S8 L Ehd Y 8B - OREG
Fig. 12 Relation between cell quota and phosphate concentration in medium.
Plotted data were obtained in experiment [1I.

D fBEREETE, Wik V), EMEEERE (2), AR Ya2Ee (Q), BL Usgidy
VEEHE (8) LORiC

;{.%:ﬂ(mg,m , n
, |
L@ - AW, Q) ' 8

— 106 —



N

a,t=—N-U(Q,S) (9)

25— T X3 ¢ 5 (Tilman and Kilham, 1976), 72/2L v (Q, §) (molecell ' -d™') 4Bl —
SHIDOY VEIER EET, BRICKRIND LS, QOE(LE Y VEIGEREIE S D THC,
2 TR S N HBRRIEIC B IRIFT 5o QICHT 2EERO 3 6, 1A G b 5 T % 1 81
(dN/dt = 0) UTHHTT 372, 0. luteus 12 HIRARETHE CMIREERY, Hiidhic
U UBEAETRING, O. luteus #5 1S REAE LSO RITTERN AT > 72, BoNLSEQAER
5, RISKRT, %5, QEHIMY VEEEH,S, S0 Y VEIBE &2 L3I0/ b O &M
1L220.2x107cells 17" THI» TR,

& 5 HEHithY @RS MERIN U vE i e ORSRR

Table 5. Interrelation between phosphate concentration and cell quotaa)

5,9 s 09 1/59 1/ x 109
0.39(3) 0.20(3) 1017 5.00(75) 9.90(17)
0.78(3) 0.43(3) 114(18) 2.33(16) 8.77(14)
1.17(3) 0.65(3) 129(19) 1.54(7) 7.75G1)
1.56(3) L0.893) . 14120y . - L12(4) 7.09(10)
1.95(3) 1.22(3) 146(20) 0.82(2) 6.85(9)
2.34(3) 1.54(3) 152(21) 0.65(1) 6.58(9)
2.73(3) 2.05(3) 142Q20) 0.488(7) 7.04(10)
3.12(3) 2.30(3) 15421) 0.435(6) 6.49(9)
3.51(3) 2.64(3) 15821) 0.379(4) 6.33(4)
3.90(3) 3.15(3) 148(21) 0.317(3) 6.76(3)

a) Phosphate concentration (§) is in gmol-1"' and cell quota is in fmol-cell™
b} Estimated uncertainties in the last significant digits are given in parentheses.
¢} Uncertainties are calculated values. (see Text)

artfmolcell’
Q
150 o ¢
Q ¢ L] ¢
o
-]
100] ®
0 1 Z 3

Sllumol-l'1

B 13 MERBEOEROUEOEFTTRO L, MR vaER ST Y YR
i & OB '

Fig. 13 Relation between cell quota and phosphate concentration in medium
observed under the condition independent of cell number change.
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LOWE 1/Q &L ) BB O 175 OB (Lineweaver — Burk plot) 25141t R ¥,
R4, 1/5& 1/QOMRERTES WAMRS G LiE, 0, EOERRMEICE TS &
Michaelis Menten type DBEFZROH 2B ERET S, K9 B LUK2THREOHESER I N,
13, Hi4cild, ThiLYHEELETREA TV S,

(=]
1

170 ¢ pmolcell

.3
1

T T T T T
o 1 ? 3 4 5
1S umottl

K 14 EI3iZRi LS & QomisioE&
R EmRdTHEsABRELRT,
Fig. 14 Double reciprocal plot of Fig. 13.
Vertical and horizontal bars denoted error limits calculated from Eq. 2,

4 E B

AR DB NEWE D KRV AT, Monod DA HHEEHMEEHEAZWEEZSL,
£, TORAPEHETHLD, EEFRECHBEATHT, BEI TRl EEROE
FARDNT HERNIICIE Monod D A HER & £ 4§ i3 £ 1 (Maclsaac and Dugdate, 197%; Di
Toro, 1980; Perry and Eppley, 1981). REIFRTH, W1, O. luteus D 1) YEIFR T TOWAEH
Moned DX THRIRTE 20 TEhEMIE L1,

BN 2ERETEHoNMFEERN 2 TERTELLY, HEELIERFEEDZZFNFNORE
BEOWHEATIS 5 bDD, SOAM LRSS SN, COREBMICRIT 5751
SHoEREER N, B4R L Woolf plot SIFFH 3T, BIESHi{EL Monod O
Ko RKELTNLIEATSE, BN TEEINWCHEERE T LB EE e T LaiEianT
tv% (Packard, 1979; Watanabe, 1980) , 2D Z S iZEFE LIE - HIREFEHNIK Monod @, 37
TERETEHUWESIKIONEHEBL, BRh3O5 24— — L LT iy PEKERDRENE
EizH s, HMESBOEEEZRED LRI,

HEHELENEEORHNEAERRS LB EHSA TS, RGICRANER, TR &R
BERFARL A OOHBOERGLELRNDS, chid, HMEEESEL S 2B TEitd
| ERBEE & BAGE L T D (Segel, 1976; Chisholm and Stross, 1976) & #RIEE 3,
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HHEREER . Bt YEREEOMICEIENY YEERICGMET AL EFE LN TV S
(Tilman and Kilham, 1976; Nyholm, 1976; Brown and Harris, 1978) , Mg #ic & 2 BRIk
(dN/dt =dQ/dt =dS/dt =0) TOHMBBEORITIC LhiE, HEE (4) Laan)
VERR (Q) LORMTEELEGRND s, BRRLSEERES 2., &dNE,

LE:#max(l_—ng) i

TQRONTOMME L TahBENS, KL, WRBT kg(molecell ™) HAKICENT
QORDBEEMETS 5.

#8l, MTEONLQE 4 ENFNRS, 1IKFT, AHND, EHLEEIEE (Watanabe
etal, 1982a) THAMEREESD, EERETRIR T HRENT VB2, BTERTE, N,
Q, BLUSHI—FIEE(L, FHER0 ) VBRI EHBOBESKET, £FIGICRIERO
Bhsb i, B8, KB L5z, WRTEASNAED COERKENDTES S,

FHI, DTRLIASEQELNTARI, 1IKET, HEHD, S&QOMINMETE Y
BEESERAND, Lol, BEERERTE, WMICEHELEOBRLEEELTHARY,
BoniFHEERd 3 0 EREEOTERKETORFCHE L CESTHE v, Bkl L)
T, U RO B A IR ICT Bicid, WEERERT BUENS -, COHNDI dN/d
=0 & LAHRVOERTHE, BVO2ERS QOBEBEMEEREvIcanl. RISIr L&D
I, EFEIRETD Qi
_Ss
Kqt+S
THEZLHNM5, 1T Quax (molecell ') BMROHNEBLQOEAMES:, /2 Ky {mol -
17 12 Q=1%Q., 2H5Z5%mb vBBEEEEY,

Y B

qQ _, 5
dt — Y'max KU+S

O=Qmex i

(12

DEEATEHIN TS (Nyholm, 1976 Tilman and Kilham, 1976) , L& L, BI3IR L
Ko, MEBRRNTEMNE (dQ/dE =0) Wi, QMR SEE LELLEEFETLHUS
H, RO RICEREERN ANBLENS 515 5 (Droop, 1974) . TOLEMIWAY v&
HEROZBEIC X LR

iQ . )
—dt—fU(S)—U(Q) 3

DET—MIcEEHE S, ¢ (S) (mol-cel™ d™) {3, SOEAMLLTERIALBESLADOD
Yo ERGERE A, £/ o0 () (molecell™ «d™) RoMKE L TEShioITMRSLDDY) ¥
PR EE A RY, rELUCT Y, FRALCOBMEEREDSCLE, KR TIRERL »ofd,
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vrC o TIE, O, Iuteus 1w T Tomas HOAIGIE (BP) #Ruwy, O Michael Menten jZ
DRTRIND LV S HERER T % (Tomas, 1979)

ot S
(S)= Ulay * —}{—;TS,— {14!
»

ookt vh,, BLU K, #F6I1CRT. RBITL, @iy oOERIZLIRD LN
T3,

# 6 Tomas itk bRy ohi) EIGHEER
Table 6. Uptake kinetic constant by Tomas

K!N‘ v+

. +95% max 195%
Jumoll™! Jfmol-cell ™t « min ™ 957
(1) 1.00 055 3.80 1.62

(2) 198 0.74 7.22 2.44

DOHERGEER o & TR ERWEES, FHkiE (dQ/df =0) TRNEBET L &L
THRO2EIDEZ SN D, ’

o4Q S ~ 9

WG T fmet as T et G w
N dQ . N -

i) = = 1’max'—KF§ - v -Q {16}

R T, ) HEREEE S LT, SEEEVEREE & BB O Michaelis Menten JED RIS E{RE L 7o (163
T, ) CHERE S L THRA DI ERE L, BEETE, ChoDEERIgNIcEEd
TR d, SEROBHBERO—-2THH I,

30 A X &
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8. FERMEEZ Olisthodiscus luteus D) B H|IR TiEMEIEE
- ZOFEOREIL & MFEDE D PR

Phosphate-limited Continuous Culture of 2 Red Tide Flagellate,
Olisthodiscus luteus: Establishment of Its Method and the Analysis
of Growth Kinetics

A5 KEHE - RS BUEXE

Makoto M. WATANARBE! , Kunio KOHATA! , Yasuo NAKAMURA!
and Masataka WATANABE!

E B

FAMEER Olisthodiscus luteus O ) EBIE FHgE R AT, EHEEK B
SEERAE (o) =H#E(D) EHE PO, ~PIREE(S), 2 LHRRANPO, -PEFER
(Q) LOMOBERELRNT L, AEBRR, ERERZOMBOBKE 0. utens &
e LB aDROM L BRIFEOMT % & STBTI NI,

FOME, 2 ltQREORHEOLIATHERIHERLTEY, +OMEITr L
QOMERXTH D Droop DX THIAT A ENTEHDIHL, # & SOBEFIL,
BRREOEZATHE, SOERLSIESHETHS 2D FRARERD, KOHE
P DEHETH O 6N TE 7 Monod DINOFEFIIEE TR 2 T EANHEFL T,

Abstract

A red tide flagellate, Olisthodiscus luteus was grown in continuous culture under
phosphate limitation to examine the relationship between steady state growth rate
(1) = dilution rate (D) and ambient PO4-P concentration (§), and the relationship
between (u) and intracellular PO4-P quota {3). This experiment was performed on
the basis of the examinations and discussions of the problems of continuous culture
system and on the basis of the establishment of layout and method of operation of
its system in the case of using 0. Jufeus as a material.

As results of experiment the distinct relationship between p and ¢ was obtained;
and this relationship can be expressed by Droop equation. In contrast, the relation-
ship between u and § became indistinct at low D due to the extreme difficulties in
accurate measurement of § value. Consequently it does not seem adequate to apply

L

HuaEyge KELERER T 305 RBREAEEEMEN

Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-

machi, Tsukuba, Ibaraki 305, Japan.
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Menod egquation to this case, though it has generally been used in growth kinetics of
microorganisms.

1. Lo )

L, MHEBHPEXZHOTRICE Y, FEIEDEALRKOKE~OHBFENL, 0
HERLELTKBOEEBLVERL THS 77 v - vORENELIGTD, THhEEZNIG
FEIE T 5 THRMEROSRSBEL > T 5, Lnl, FRERFINDT I v o + v O2fng
BRI CHEBORMBERE LV S RTHESE o 5 & TAICEROBORMARRA L 1
AEAEFNTEOS THREOOPTEOEEAER L THWE LA S, CORREFLHEOHE,
L1 & GETERMEETES AHRD S 3BT S M S MCER L TEEBE AL ThL
BEASHELTH2ETTHY, 2 LTLOREEEEY 2 LWRENMROEELGRNTSH S L
Wzd, tOBEMNERET SAICIE, Nakamura et al, (19823, b)) DEIC &I B L HICH L2 DO
OO E BB OREEEME TR T 5 CEHSBETH Z LA, BHIXHEE, &
AR DFIFRET & 78 » T 2HFEAMB LD il BROCEMUMETSCENT
5 EVORERATIREND B, Hib, REEOUIRELE - (36 - (A LR8I 2 R
+ BEETTEO MRS & O EEAIBIE S I & Hic ¢ 2 A OB IIENRT AR OB B R
B sEEL505,

UL, LEOBTEEMLICBE, BroRERFPERCHEL TV 2BAFRPIBIEL
L7t Ml s ol £ 4 £ TOFICHITIREE (transient state) ich A3 FHEF
BT, RHEHELHEMEEE & OEENKEREZERCERST 2L IBHTRETH S, - T,

DB FHRNT £ ERICT S BICE, BEORIRET 2 ARBKICHEITS, EHIRE (Steady .

state) ZHEV G H C EMHFERRALE LS NS,

EEEBRT €AY v b E, KBEOWEE - BNET O C L TRARICE Y A HBEDEG
B4z (tumover) 24882 L, HORBEWOREET S C & TARRTET » T2 E (predation)
LT (emigration) i€ & 2L AR L TROEFEIRELET T2 LA TE 2 HETH DL
AN HROBBBBERSETH DI EVZ D, T -IHRE B - R REHGRE T
RIEEREAMI T L EMTE, TATNOEFINETONREREIE & MRHEEEIERL T,
FOROEERIFE T ERYIC formulate 3 ¢ & HEELERRTE 5,

HEZAY 5 MEST ) T OO i BH X 5T (Monod, 1950; Novick and Szilard, 1950)
Plsk, & bR &R T (Droop, 1966), BREOH T B O BV EORFT & £ DEREF
P EME NSRBI N TE T 5 (Droop, 1966, 1968, 1973, 1974, 1975; Dugdale, 1967; Williams,
1971; Caperon and Meyer, 1972; Williams, 1973; O’Brien, 1974; Lehman er al, 1975; Nyholm,
1976; Goldman, 1977; Tilman, 1977; Brown er al, 1978; Brown and Harris, 1978; Brown and
Button, 1979) MELHER & £ 2 5 v P BOBARGERI mass BEES R T HRERE ST
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ERYIREL T, HIMRRBENERLFIERTEL->THEC &, REFRIBEEINTHETE,
BB AT N THESEAIT -T2l L, MBEIIRGARN ST, BRI Eyido
Rl LD, 2ORBNBECLFHEEENICSOTRE-T 3,

AR TR LEDRBELER, MMgBE T TRENIEROELANIMEROES & © ik
FOMBBEY S Lis BT, KRB THR#EA MRS 2WER Olisthodiscus luteus % iHELE
U BRROMY &, TCL 2 WMOE N2 NRITOERERET 5,

2. FEMERETTORBAOERRIE

—HCERERICE Ty FEBCEVThH, BROBMMOB RO EITORS, %
BHDHBMEA T - CO AT EMEIREENAE, L LERICE, BB T TOREOEANIES
s, BcEd L5, D 5802 < AlaoHns s o hsu ikl (lag phase) 4o, 2)
TR N R W) (exponential phase) L 3)E SM7I R INE T3 TN (linear growth
phase) , 4)ERIRBIAEHE LR L Tir{ i (phase of decreasing growth rate} %#£ T, 5)HEfakk
DIAL LISV TER I (stationary phase) i AV, BT 6)REL (death phase) 113 vy — v

Cell number {N)

Age of culture

Bl EEMERTTICR Y DR ORI .
Vo BB, 2 e, 3 EEUE, 4 Si‘ﬁ’ﬁﬂfﬁrbf&?t’(bwm.‘ 5 W
6 : ‘

Fig. 1|  Growth phase of algae in a pure culture

1: lag phase, 2: exponential phase, 3: linear growth phase, 4: phase of decreasing
growth rate, 5: stationary phase, 6: death phase.
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RS CEBASH LU > T3 (Foge, 1975; M, 1976)s BRAKBELCTS, Wodld, M
15 SEMOBA L (eakage) H3/DAE LB A THEEI L MR EN TV B LB A B
LEBTESD (cf #IH, 1976),

FERY 5 P BEEER TR OBHEMARCEEES, —EERM v FEEET > TH
BRENHHEMBET > TS L EHPH LT, ZOYRAT LEMBESE L, T, Hlkd
A& D IHMESNA ST IEANADIBT, WHHEEALSORETEIR S Z N TESR
THELILHZ L. UL, BEFNISEOHMBEHATHANG, BRBZSDLICBRASTEL
PHER &4 2, EBRIE G, BELPENR L LABNSKRAETHOMALERTVWARD TR
B ABEL LG LB L 3RO L o ~OHBOBR, EAMEORBERERF ST
EEEIC T 3 EEZX N TV AKIT, SOERFOMERE TCOREAMET 5, B
HOBLEH - EEFROFE (EEBHOEE) E MEEEOMRICL S L vbh T 5 (Tamiya
et. al, 1953) , K2 A7k TR E BT 2 AN EBOEE 7 v — L¥E, O. lureus, Prorocentrum
triestinum, Skeletonema costatum, Microcystis aeruginose DIBRE 7,000 1x & T 8 HEAE X infa
HOMINAELE LD THSL, ZDH5, O. luteus ERABRBEOFH%ET (14X cells»
ml /3% 10% celiseml ), P triestinum 32 (2.2 x10%celis» m17 /3.1 x10%ells +ml™)
O S, HEHEPSRBLAEASNE N STOIEH LT, S costatumi3H1Vs (2.2 X 10°
cells *m1™ /8.1 % 105%dls*ml ™), M. aeruginosa (2§9% (4.2 X 10P eellse ml™ /47.2 % 10%cells
ml™) ExtEEAE  EREAETICREY ok dicEBic X » THHEHORN 2 MHER R
1o TR B4, MECEA0E, £hivDiihbnBEORBEMICERAGELL T, rex
$ o PETLEEIBRBLTFTT, $MRBEL LS -85, RO R Tk
BRI LBt on?, COMRTT TS ERY v F TOGIMRTEMECEDhb-
THATREMEN S DLV I ETH A, #-T, H ETHIHEWAD O TEHFENRITEITHO
O, #Hs4 AEIRFREOBEFRBEL T, BMRBFE(L > THEETEOHN I WREBE T
BEDLTHELUED S, Bk maRE cCEBIA LIS S, costatum, M. aeruginosa
FEODEENLBBELULTHEA S, b T oLk, BeBHRAFE L O juteus TIE, £
TORRET CRESIMET LA OLV I I, HREORENE WHRRBEICHEL TV 3,

ZOEIICHR L - REBOMEHOBHAE TRCERE L T, BEEETiT I LiE
& EAN TIERE OB VR IC DA D C L BB EN LS, ¢ ThH—, WbitEd
TERASNTOLIHFBCBELT, ToEEREHBL T LEVH L, FRTARBHEOADE
fEHAR & b, HROEFREESA SNABEERAICLD CORMAORGOHETEIRS &4
wiBA L& T\ % (Spenser, 1954; Fogg, 1944, 1975). A3, HE# Phaeodactylum tricornutum
TR LR A R SRR LD FEHOESHELL, £ VBEXZIRETRE (8
FENTOLERE ) YBIEREOSOE S EOBIEL 2WISES, HBEOHEMNPLIRN
HEB ARG L& (Spenser, 1954), F L BHOKIMUGHENL L THoN T 577 2 — Vg
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M dN/dt

» U dNdt
r ‘OF" a: Q. lyteys 1 10|-x104 4
= N=22.0x10" cells/mi
N=148x 10° cells/m! b: p. triestinum J /
O
o5f 5F e ° - 5k
) \. .ledt oS5 5 ,-dNdt
o/
| °”
0 PPV Tt i L 1 | - A 1
0 5 10 5 days  © O 5 10 15 days
M dN/dt
dN/dt, & S- costatum 1T100f00% 2\ _
xte®  Nz22.1x 10 celts/ ml o d: M. geruginosa
L__°_____'
b ook o 'r s * '"\.
/ y, x
| ]
7l ' 05 sof
s ;
ost st [ [} '
/ \ ‘
I’ Q :
. 1
o S R dNydt
ok ¥ ! & ot .
0 5 10 days 0 5 10 15 days
B 2 -~y FHEERCEEZ ABOBMOMBKOEN (dN/dE) & FRLHE
(z) o4t
Fig. 2

algal species in a batch culture

{a} Olisthodiscus luteus

(d) Microcystis aeruginosa

(b) Prorocentrum triestinum

Changes of increase in cell number {dN/dt) and diel growth rate {x) of four

{c) Skeletonema costatum

BREFTET 2 LFEMAEL CEBSN A &M Chlorella (Foge, 1975) B EERE Ditylum

brightwellii (Paredes, 1967, 1968a), Nitzschia closterium (Tokuda, 1966), Skeletonema costatum

(cf. Fogg, 1975),

LEECEREL-TL 3, 15, & UBEREORS 2HEREAHEES S

Wi Micromonas scquamata (Paredes, 1967, 1968b) £ THOLN TV 3, &
D& ICFHERMPRAOBEKEL BESEAICL D FORESHEESN S &0 2 L3EBENIC

F (BRATRCLA

—MRITHZ) icB T, FRUERENARISALTIE, TOXEFREOREE FhickH>H@E
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FRORFELD CAHESOMIESIC BT, M iz R ¢l ROFRHE R/ E DR
KREUEBAONIEETTH D, T, —HHEERONME AL 2 EHH 2 RBIFEOFIR
THE L b - 15E, FORBREENTHLECEAFBFOEERTHCEERNETHEA 5, LD
FUBATEELCRBE T, ZhlloRESEpaRrhaids osies kb hlo
LHOBBETEXZELFRMO b OERENERIIRE L, T DEFFENEN (Fogg, 1975) Db
EURHEHO 2 L(BLTLETHA D,

Plrokoie, sgEsigadehidl ot BESCTORTHIBLAOBREE LTED,
o LT - = AT HEBRRTHLEIFZ M0, L, FEE 0 IFECHEBARBORET
FEII B AT B A TR RICTT - T AN TORER T & OFE RN EENEEICEL > T 5
EEZONLHBIK, FEOLSHBREE L TWT S, BRI X ABIENRITO R RE
g b0 TEBR MBS 5% 5 B S 3, -

3. BELAE
A Lck Hic, SRR r A5 » FRERNEABECHIBRRBELSUEHEROMEE - I
&R O I £ —E OREE (dilution rate) TIT 2 EBR TH 34, TOEEABTDHET
EEBEYOHERBEOBEIC L OB TORESD S0, TANCOERERTT S LTHED
BDEN TV A, B3ic, Hads O luteus EHEE LT Y VEEHIBRT TORBEEESIT - 1k
DEBOEBE AT, COTR, U UBHROATLERE LT, ASP - THIEEHM (F1) 26/
L. 81 OEMIEFERSHCANTA - b7 L-TEELTO, Blido-5-F 7 (KLyrMzv
28 THEE Y I/ Fa—TEALTERE Y Y~ B ohbLIHiClE-T2d, BEHE
Vg -, AIEOTRHOKR LD VY Y -NOBEREFEET S LOKHEBIESN TN 5, ’AD
HEETIE, WKERICED 200ml, 500ml, 11 & 3IBEOBROEZR V) vy &b T 5,
i, MBS L ENE VY vy - OB CHABE LRSS A BICHBEAIT MBS
H 5%, EHERSTREEDOT 70 v a—5 0 v & ML o BREE (stirting bar) THEL Tu
B, R VS - TR S - T HETIE 0. uteus FORERTIZLAERELLE N
B, HEoT, FLTH INH, SO, EA VI AV 7o — (0.45nd @ 3 Vliy 709~
Pk FRLABREESTESTAC L L > THEST- T3, (OB LhTRIY
BT d, BERREV) S -RICTEULENSH D, TTTHERSQULNE ST L, R
B OEEICEEETEI B ohEDIDTH b, R 413 P riestinum, S. costatum, O. luteus, @
MR RIFTHEOYESFNAFERSRIN TV S, REDHOADL ST, 3fE MK
FIHAEOOREAREL, TOHBREICL-TRIELZT EMOD S, OB L EKOMESH
i ARBEEIEED ORI TOMOMEHIDE, ZLORR LAWY, 53 THSMiC
ENPRY TEEM (turbulence) AL EMEYE, PTG, FFEOI AL ICEEMS LTEY,
FOMEEESREES &0 L BBE XN TEH YD (Whitford, 1960; Whitford & Schumacher, 1964;
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air pump sterifil
iN H.80 filtration
2774 system

flow meter

metering pump

medium

reservoir inflow’ﬁ H}

4

T

° ocutflow

L]

\g_/ U sample
beaker
culture vesgsel
3 EREOBER
Fig. 3  Schematic diagram of the continucus culture system
# 1 ASPT oA
Table 1. Composition of ASP 7 modified medium

NaCl 25g vitamin B, 1.0 ug
MgS0, - 7H, 0 9g biotin 1.0 ug
KCl 0.7g thiamine 05 mg
CaCl,-2H,0 0.3g nicotic acid 0.1 mg
NaNQ, 50 mg Ca patothenate . 0.1 mg
NaH, PO, «2H,0 0.78 mg p-amino benzoic acid 10 ug
Na,8i0, -9H,0 70 mg inositol Smg
Na,EDTA-2H,0 30 mg folic acid 1ug
FeCl, -6H,0 1.9 mg thymine . 3mg
CoS0, - 7H,0 28 ug TRIS 10g
ZnSQ,-7TH, 0 1.4 mg NTA 70 mg
MnCl, -4H,0 1.0 mg H,0 1000 ml
H,BO, 34 mg pH B0
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x105celisiml  b: S.gostotum xtd* cells rmi
6 |’ _____ o O rpmimin 6 ’-
e: Q. luteus
5k ’/0 0 rpm/min
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o/
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/
L /
/
3 J
/
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f
2k /
/
/
o
//
T // ,.A..
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e
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5 7 5 i1 13
> days

K 4 SEHOBEOMMICRIETHME (k:5) opi

Fig. 4  Effect of mixings (oscillations) of three algal species
(a) Prorocentrum triestinum (b) Skeletonema costatum {c) Olisthodiscus luteus
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Mclntire, 19662, b; Gavis, 1976) , F7z, &L « MR BIME T SME D&% I HER@XLE S0
L BGRIRO M ELFEE (turbulent transport) DBEMERE LT BT LEHBTFHINATWLS
(Kemp and Mitsch, 1979}, D F oo & S et 2 2 BEGSREOBMC RIFTHREB|HT L L L
BTa3d, BHEL—-EONTITICLENTEERL L3V oIS, BADE
BECTRHEHERCLACLRIDFERRELLBAREEA DX D ICHB LT 5,

Pl biea~t BB A, BAHIT - LERTE, LRI BRABIDEE £y, 120188112
RO 4 7 v, BEISHERETT.000x, BE20°COENHTTI ORBE®RE
7o, SHEENCEREL THhWA S 2R L ETHEERAIT >, 0. luteus REEBRTHE L
ERET TRy FEBERT 1.4x10%cells/ml £ THEWETTC &ML TEH (K2). 5
~ 6 aMICHE LIcHIPRS B PO, - P OMGIRE TREXHREESH 7.5 X 104 cells/m! £T
LHBERZELEWA, R TESRERT LBV EEL LGNS, FRDAEDY v 7l
T, 13:00~16: 00D ICB oy »7axfEn, PO, - PEEDOAIFRF /=0 v «4—+7
FIAF—TM- D8EZH, FARMEERE 157 2V ERHESEE - TIT- o 1
EHEE ToRRERORNE, '

dN/dt =N(z-D) (1)

(N - jmkaty, D ®IRE=-mi/ F8, ¢ - HEREE)
THRIN, EERETH AN/ =0TH2%, WURE, 2=D27h, BFERGHEMETLEL
NEANEEI

4 EEHERTERS  MCHUT B 0. luteus DHIFEE SIREEEOBIE

4.1 BFTHREE (transient state)

HEEER TR, EEIRE (steady state) TOEFMAE &L S48, F ORI BT K BE (transient
state) TORIFIE DM & FIFRK R IERE OB L O L TEBLEHS B,

K5, ) BERRTEGERETO 0. luteus DEFE (V) Sk YEBEE (S) LR Y
YESEHERE (Q) D, BRE (D) 0.1+0.2d7 B 5BTIRETORL AT EREARLT
Wa, LD, RINCSHERKBICAD, TOENLQUEEREBICALZ EEODS, $/20Q
IIBITREOBET optimum O{EARTHEVBH L LA EN LY, DL INBTIRET
D@L, HEBOSE Skeletonema costatum HBESE R IC B hA S, DR EARE
RicAD, zoHk auxospore XORFULHIEHERICHBLTERRBITASZ &0 oS
(Daviset. al, 1973) %R, —BMICH SN AHETHY (Willlams, 1971), FAEHRET
BETA2L0HIEERIE S FRERTRSAAHEL LML TY 3 £ 0 A % (Williams,
1971; Droop, 1975).
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Fig. 5 Changes of cell number (V) and cell quota () of Olisthodiscus luteus and
ambient PO,4-P concentration in a continuous culture
(a) dilution rate (I =0.1d"! (b) dilution rate () =0.2d™"

4.2 SPEREE (steady state)

WS U7 & 5 0BT dN/df = 0 S35, BIRE (D) RS (x) 514
Bo T, EERETODEHMEBEEARET ($), MBASHR (Q) & OMEERIFT 2
Clikl, #kS. nEQOERNBEAYOMCTHIENBTES, UL, COBEEHED
T AHIC, BMEOEETCBS AN, OANGTARRCETAMMI N F) 7 EE->THD
BARE Y A 7 AT THHESIL TV AL, §4 275~ LAEHENE LT, EEIRETH - T HEHEM
K E 515 505 5hic LThm R 5,
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—RRICERDO LD O ERETT YA AT TlE LB &, BEENI78 8 (Tamiya, 1964;
Weiler and Chisholm,1976; Chisholm and Stross,1976) & B W) 7L 8¢ 2515 D HE ¥ 1A 74 (Chisholm and
Stross, 1976 ; Eppley eral., 1971 ; Eppley and Renger, 1974) 2A S %, 0. luteus, 5. costarum
EFORMEREIC L THEANLE AR EFAHNIEBEORD AZH Sy FEBATHISINT
V5 (Watanabe er al., 1982),

K6 O luteus ZWBHE (D) 0.3d7' T, 121/D + 4 7 L THEEE LABORBRORI
SERIRAEE, 6N, dN/dt =0, dS/dt =0, dQ/dt = () DRBICE T BN & SOR
BRI ZET LI & DTH 5o BRI L 0 BRERIIC 2 of TON DI AR D B MO B
BME—%0, APEBENOENFNICALCREL SOEDIIARD PO, - PEY AADIEE —5 L
T0B, W-T, O luteus EYIRY 4 2 A F TR RRO NS & PO, ~ P OMO AL X
- THREISMIC N & SOEBNIREIZTR L, BANKREFINBICA > Th A LT 50 L0
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Fig. 6 Periodic oscillations of cell number of Olisthodiscus hteus and ambient
PO 4-P concentration in a steady state continuous culture
dilution rate (D) =0.3d"!
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ORISR0, WA OEBETORITIE, MANHSED, PO~ PDOEDAAMPIERICHT
TS, BlL NBRATS BRI BHBETOY Y TATT-TW A, :

PlbDiwmigs 4, BOMicdN/dt =0, dS/dt =0, dQ/dt =0 L1 ks eE
PEELT, REETIRPEODOLLATEERENBON, TORFBERIAT 2 RS TH
B FRIDERTI D=05d" OLTATENTOMBREEHL, - TEAHMEE (2,
=Dm) B04&050MicksbEL NS,

F I ERKEBLEDIBAENF—4
Table 2. Steady state kinetic data

N

Do eSS 0. e o9
@y colls-mi) (M) (M) (fMecell™) (cellspM) (fMecell™ «d™")
0.05 6.07 0.64 5.40 78 12.8 39
0.08 727 0.08 5.40 73 13.7 5.8
0.10 6.68 0.19 5.55 81 12.5 8.1
0.20 1.87 0.12 5.55 142 7.1 8.4
0.224 2.26 1.40 5.20 168 6.0 37.6
0.30 1.34 3.35 5.64 171 5.9 51.3
0.40 0.63 425 591 263 3.8 105.3

D:FBRE Nk S:AEPO,~PERE S, i®HAPO,~P @ :HFAPO,-PEHH
D: dlilution rate, ¥: cell number, S: ambient PO,-P concentration, S,: input PO,-P concentration,
g intracellular PO, -P quota.

H71iF2%2bECDESEOBMETRLALLDOTHE, D=02d7"' LEDLETATIES L o
DREHRHEZ ZDEHLT, ZHEUTFTESOMEIER LR LALA2B S L DOMREER
HTLLIEBAAEETH S, LAH D=005d" DL I AHTS®D swingback B (Miller, 1972;
Paasche, 1973; Droop, 1974} M2 - T A ticFH¥REN GG, 2R PO, -PHIEET,
ERIRETD swing back B3, Nitzschia actinastroides Tb A L TEH D (Muller, 1972), £
NISHBIED deathrate MR T AT EICHE T TH B EWbR T 5 (Muller, 1972), LirL, |
I THAHETIE, TTICHMEOMBEE IR 2 L R0A T, EREEETORITILETD
BEAERIDARLARIRE > T AL LRI HENb L, LD LS5, SORPMERTIRE
ORMEOHEEIR LN SEDOHEFREZEET S CLETEAGE, ECHMEY, B 277U TD
BESEIC Michaelis-Menten DX E A L 72 Monod A=,

S
D=Dp W i2)
(D : BSRAREE, D, ' EAMERERE, K, half saturation constant, D =D,/2 L1 5
S OEED
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OB ~OHAMIIRETH 5 £ 2 5 (Eppley and Renger, 1974; Goldman, 1977),

QLr s

03t n/

o

2o

0 1 2 3 CopMl 5

B 7 EERKBrsOmRE (D) LA vEBEE (S) LoBRE

Fig. 7 Relation between dilution rate (D) and ambient PO4-P concentration ()
in steady state

K8~10tt, DEQ, DE1/Q, DQEQMBAGEFHLILHDTHEZ, QL n (=D) OMEE
oW id Droop (1968, 1973, 1974) 43, Monochrysis lutherii S8 L L TE o7 —7 %21
CERLETEABRAENS 0L L THSH T 5,

D=Du(1 =k, /Q) ' {3)

(#, @ B/MAKRASH BD
BB DL I/ QOEMNBEFRERL T, 1,

DR=D,(Q-%,) 4}
LERTTENTE DS, WD EQD nyperbolic EBE, DQ & QOEBMIMEEZRERL TH
Do LT DQ Lit, EEHEETODQOE(,

dQ '
—(jf = — DQ (5)

(u @ ERDASHE)
TEINLAEho, EERETRAQ/MI =0 Thah, w=DR&HEYH, TERELETAE
DALEEEZE®RL TS, O Droop OTHMREH, BEEETIACERENL S &3y
bEEHTEME, Monod DLV &, BoNBHHENF - 542 L KB TAIENTES
(Goldman, 1977) 2 A B, B8 ~10R Lz kD, O luteus DD & QEDBRIE, DESE
DR TEAPETH o712 D=0.2d7" LUTFTOMEIIEF I » T 5, £HG@ohic T
— %5 Droop ORD/F A~ 45—, Dyp=1047d"", &, =72f mole/cell BbEFH, Th
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R THEINA V7 7EEBRHEE L —H LTS L4 5 &8 T X5,

PlEoc &h o, BIRFEFIELEMER & OTRBEFREZMT ¢ 261, MREE (§) LM
HE (o) oBFRISOBEERTRMEBHICI 20T L, MiluNESE (Q) L o DMFRIDER
EHTLHBICELASCENTELSLEMhD S, O luteus DG, BEFTROWIT -7
HETARY TR, PO, - PEIELMHEEOTENBIRE, Droop X TH i d I &
ETHLEEbN L,

o cay’!

a5k

03}

o.2F

L L L L
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@ (fmgl.icell)

5 8 FHRECHTARRE (D) MR Y /[ﬁfaﬁ‘g‘i (Q) LOMEF
'fﬁ"éiii Droop & 0 1FON I ERE

Fig. 8 Relation between dilution rate (D) and intracellular PQy -P quota (@) in
steady state. Line is obtained from regression with Droop equation

D day"'

1R (celli pmol. T 15

B9 D&/ QLD
BRI Droop Tod N8 ot IBEH.

Fig. 9 Relation between D and 1/Q. Line is obtained from regression with Droop
equation -
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Fig. 10 Relation between D and DQ. Line is obtained from regression with Droop
equation

5. Bbhoic

EEmlLidhEuwettocdid, Monod dFiC LTH Droop oRHic LTh, ZDN($085:
RIEMBRRICESW TV I0TIREL, SFThEShLT -y 2E8 L LBRY) (empiric)
BHEDTHEENHTETH D, HEMIT O. luteus 3, PO, - PHIFRT TOMHERIDE 1243 Droop
DRTHHATE 248, BREINLGIERSEORBHY, BEBEOERICLY, BlKBVWTHE-
ek S, a4k QOMENEBONALLDBH S, WAL Selenastrum capricornutum DFE, S & u,
Q& PEBRIBERTREN, 2 QLQIEFMMIUBRILE -TWA LM EI LTS
(Brown and Button, 1979)L., Skeletonema costatum Tz A B HRET L LizBaic 2, D
shift up AEE &4 (Harrison eral, 1976) , {RIREE & SREEH TORBFROMEEIREZINT
Wa, 1, H Scenedesmus guadriceuds |3 coencbia FHEY 4 S iMaEc Xk b B R & F01E
LTS &ML TED (Gavis, 1979), {OWOEBOBDIFYIHHEEENL O THST
EDHESNT B,

BEEFCR SO EBMOB R AL SN ABEEREEHAAE LM Z bk bhs
¥, BICE DHIERNTOERICL DIMEDOB NN EZTRTHEEIEL, HRAT, ROEEN
T &if Monod W% Droop OXAFENKETED 1, K, k, BEROLAET S2ETH
BT, YRR ORRICLDRINI IO HZENFEEMAT LI LD L L0 A 5,

H O
WARADICHl-T, FRGHMEEHD, ARG IEHEBLDBEVCELRY, #HL
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0. FMBEZR Olisthodiscus luteus DEEEE)
&V VBHERO 8 A

Vertical Migration and Diel Periodicity of Phosphate Uptake in a Red
. ' Tide Flagellate, Olisthodiscus luteus
WA E R KBRS BRIEF

Makoto M. WATANABE!, Susumu YAMOCHI?, Kunio KOHATA!
and Masataka WATANABE'

‘ T 5
AREREEERE Olisthodiscus luteus DRTHARER IS U YEBEROOFH A~ He
| W LYoo 0. luteus GEASIC REBIC, BCEBICERL, 20 - TOR
| BRI 0 B2 IR T LTITh TN 30 X —iE MIRJIRRE + 1 2 VT THEEE,
| BRI LTS EROMEBREIO- <y — vHBRINL 2 Mk, AFoRTHE
BcEY -4 7T« T2V X LPEET AL EDPHE ENI O lureus (T0E R
& 1 BT I o1 RSO EIIES BUA TG, B E WD 2 hEh T PO,~P % &
‘ WEBCENTE D
AR E 0 B ORI W Eh TPO, - P AEI DR RY: V) Pt P it e
‘ FEELDECSUEROBREE RPN CHEE L 5 250, EEBRET 3 AED
EEREOFFIC RS UENERT EOTHLIEEL OGNS,

Abstract
Diurnal vertical migration and diel periodicity of phosphate uptake observed on
a red tide flagellate, Olisthodiscus luteus were experimentally analyzed. O. luteus
' concentrated at the surface during the light period and at the bottom during the dark
period. Timing of upward and downward migrations did not exactly coincide with
the beginning or end of light phases, but slightly preceded light changes. Further-
more, since such vertical .migratory pattern persisted at least for two days under
continuous darkness, circadian rthythmicity was demonstrated in vertical migration of
this species. ’

I EsAMEHEARR AULERES T305 KEATHEERLS RN
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. KRERFOKESERE, T599-03 AR REEMERATS 23/ 25|
Osaka Prefectural Fisheries Experimental Station, Misaki-cho, Sennan, Osaka Pref. 59903, Japan.
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O. luteys cells divided at the end of dark period to the beginning of light period,
and uptake of PO4-P was observed in each of light and dark periods.

The uptake of PO,-P in light and dark periods observed in . huteus, together
with the ability to migrate between the illuminated surface and nutrient-enriched
bottom, seems to play a major role in the population growth of this species in
stratified season.

1. FL&IC

FTTICERENTBL K, FHPARHEEO BRI LV ) JTHE S 540 5 (Watanabe
et al., 1982; Sakamoto, 1980) %3, T DR RGEYIENICIHAIBETH - T, ARAIKIEA L
BERBHA~OHEY T 7 2 b o OEFIC L GHROERTHRESH 5L EHTE D, TDLIN
Mk OERE LI CIEMT 7 v 7 b DIERIIHERE, PR -S HFR O 1E B D 3 4 5 O LA
Bickdbok, SMcAETARFICLZ QLD OOEEABIS L Th A LELSNT A,

TN ARTF RO CERICIT, BE® Microcystis, Anabaena, Trichodesmium O L 5T
AMDFERT LB NBRRICEL D&, WEROL D ICHEETIL 2 5DHH 50, FHicHE
TORFEREDIR EA LB ERP N SEHDBOBENERILVCERETH 25, BET
OEDFIRTICE 2ERMEAFOREBOEHHIZLETOTNHEV A S,

HMERNSHAAFEEEHErRT CEEE OB L > THEI N THE Y (Hasle, 1950, 1954;
Yoneda and Yoshida,1957; Wheeler, 1966; Eppiey er al., 1968; Eppley and Harrison,1975; BRI %,
1977; Wandschneider, 1979), 3 & A EDGE, TEBHORRE L TRICHT 250G, BBk
MMHEToNT b, L, Eppley er al, (1968) DS 10 mD AR 5 7 THE L -BMES
Gonyaulax polyedra & Cachonia niei DBHEBTH T, XORBLEIO FF & TFH~D B EIHEE
SN Lo EPORNRNE SORESHT VAR RE LT 3,

T, BERORTHEBRBIHLIBE~NOERMEALZR LTV 205054, REHILEA
PRI BT LTI N E S YE AR T 5 C LT 3 LK, HEMET O CHBLEH
[BAD ERETD CLWTEZBENEG LTV 04K, BESOEESOFEICERLEE%E
b2 EAERINT S (Holmes er al., 1967, Eppley et al., 1968; Packard and Blasco, 1974;
Eppley and Harn'S('m,1975;Harrison,1976)u LaL, —HicEBEo R EEEEIEBRREEI
&Fm‘ﬂi?@“&%ﬁ?’ Ho¥y -V ERT S, LROLSTEEYEN,SRC SN B EHEEEANT
THRBEEWNOAHLOAREHNE I L > TOEOLBINENZLBENSH 5. FHEBHEAE S
RIS DAL O H R D W T ORI Packard and Blasco (1974), Eppley and Harrison (1975),
Harrison (1976) S E > TAINTWEHKET TH 5,

ERETHE, ARBEIETHRAZERL, BRAEEBEHLZTI LB THREIA TV S
Olisthodiscus luteus DIRE 7 0 — VIEHHEHWT 74 703X 6~S# (Watanabe ef al,, 1982)
TEBIN O. luteus DEREABE LT, TR - WREEZHOHICY 5 LRI, <y F
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HERTOMBARE PO~ PROASOCHRAEAEZHTL T, ABORTEEEH L BMOBE
e BE LI RERERE T 5.

FR 5§ S

2.1 EEBHOEE

A THRBEER L, DRBREREIERT 0. luteus DER 7 o — EHEHO —T791213
(Mori er al,, 1982) ZHER#KI & LT, =4 703 X L—EH (Watanabe ef al., 1982) ENRC#
7AMMEREREAEA LT, @ 22°C, BEE5 0001k, 8 MAUB0EHEEODI21/DY 4 2 LF
T, O. luteus DEHEBEOHBREIT -7,

SR —aTHEESE > oA 70 3 X 6 —SHBUC /2 FH0% 12,2 1NA, W IAKI3EET0
cells/mi TESBAFEREIT - /oo BBRVOREOBEARIES 2 A, 3 OEICISKICERI%E
Y LAMREE AT Lo SEEBBEIBHE DT EE 4 DI 5 S Ao MpaEfi HEic
ERIL, ISRRCHUESETT > THEE R L%, BUEKEDET 5 L7 & 1058
MR DR~ OEREREE & 41, F D% AP 019051 SREE LB ~ L BH LTV oo 6
BOT LA~ 16E HIC HEIE L, AESERICEESHET > TOLZ LBMRSNDT, 17
BH®am9: 00 LD 18HE ®amll1 1003 T, B, DB (FHEELDEm), EFO 3@»51~3
B b TR E AL, AEECA S L TR EOERE O & Mg oL kA HE L f. 18AHD
HEHRTH, SHCHUEREYEL TRE ML, HARERIUTHBEEEAL 7.

ARRBHE T, KREEL D BIETOLOBESRELT » oo BHEMBI0HEBE TICidml
AL, BEORHMERL T - T, PHHOREAREICERL, B3 TR~LB8Td 28
LEPRINCHES 5 C AN 5. BEFKIZEE~ 3R HIKHE, 121/ DA 7 1% B
Lo 2I/DH A 70 bHEHEHFT AT HICET 2ERBHOBEFEE LTI, ABMBRET
amé (0HMASEB~HITL, pmbs: (NCHEB~ORITHEUEACEMHPLTWAD
T, amd: 00~pm9 10K HT I~ 2 HEBRTERFOMEEALEEKE L, FOFEEhMm
B & EHTHERTTL .

22 PO,-PHmOAHEMBRBEOARAELICEHT 32ER

T DEETEL TiE 0. luteus DAINT, KRB #EL » HEE L 7- Skeletonema costatum D B
za— bk, OSK—12ME L Ui HEELT, PO PEEOMIZHET L £/2 B 500ml
ZLUIZM75R30CMA, 4~ r27 L —7EELLER HEOEREKE TN BERICGENLA,
BEEIHBEERLTC, S0pm 1 00ZHE7 32 25 T CEALT, BN BENERL 1
MEAMIZECEFHAIL, 18EGE/C7 c vy —TAHRLTABREDO PO, - PREXZRIE L. E1:,
EARMBE®R 0. uteus T3 2 x 10%ells/ml. 5. costatum Tid 4 x 107 cells /mIicE L2 Bpm1:00
MOROED pm1: 00% T2~ 3 MMl & g L EETHEE FIL, 2O, AEo
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PO4_ PZ&E’;%IﬁUiﬁ L/f:D
LT HUETPO, - PEELF 720y v —+TH 34— TM-TIBA{H-THHFL, XHH
R BE 7 A < T MERE B A6 - T L 72

3 B B

3.1 245 D0aXL—SHICHITE0 wreus DEEBE)

FRIME, <M 703X 6—8SBIcEY 20 ureus iWERETHMAERLTEY (H1), #-T
IBHB~ 19 Bith TiT- 7 O, luteus DEEBHOEER (L, R AT SHTHAE 270D D5 5
FTTAINLLOTHELELONALLAINRS, K2 30 teus D H BHDLBEER £
LizbDTHb. Bk, REBSHT (EIRITEE) o@BGEERETOMBRE 2.2 x 10°
cells /mld FTF—BETH - o600, IHIIFEEAYOMESEBE~ERLTEN (SABEW
41,5 x10%cells /ml ), BEHIZ 425 & TR~ (BAREBEIF 2949 x10%cells /ml), KOBHCER
UHEBALERLTH 2 (BABE 38 x10%ells/m) &5, ABRIARAEHBHET-T
WAZ Ebhbd, X, CDEEBHEILTULHBYA sritBLTE Y, LAZHICE
TLT, #BXETE~OBHBTHONTOELENHShEE T,

H&celhlml

T ]

"
) 5 10 15 0
days

B 1 <4 2793x56 18R TO Olisthodiscus luteus O BHRE

Fig. 1  Growth of Olisthodiscus luteus in microcosm-1

—134—




Log. ot cell number/ ml

/A\\
// ~a
—_n sutface 1
o A’ \
G-y MhiAd]E ! y
\
{
1o F  a--a toltom ! b
! \
i \
| \
4 T
0 i
— / ! °
/
/ &
[ I |
165
4
10
e

Bl 2 =<4 703X4L1%BETO Olisthodiscus uteus OFEN BT

Fig. 2 Vertical migration of Olisthodiscus luteus in microcosm-1

32 ARNEFRTICEITIZIO MesDEERBETOY —AF 17U XA
K 2icnd &5 e HRERTET S0 5 0. uteus i, 121/ DIHBAMT TRAMZE RE~,
HizRERNESRL, BB AT 2 Z8BHLT-THY, w4 /03X 6—E#co
FNE 2L [EREDNS - Y ERLTV B L EMbhirb. 2D, 121/DERY4 70 % iR
LEBAETD, £ RAROELUBHO 15 — vtk T (K3, #-T, AEOFTEEEH
CHARNGBRAEY X&, Mb4—RF 4T ) AL L THB AL,

e
=)

% 0 8 18 0

—_
&
o
[=-]

Oepth{em)
wr
un =

K 3 @SB TO Olisthodiscus luteus DFFLHBEHD v & — >
Vertical migratory pattern of Qlisthodiscus luteus under continuous dark-

Fig. 3
ness

— 135 —



33 PO,-PmRhALLHBEHOBEEIL

ERERS, O. lutues & 8. costatum OB IE IMICEMLTED, XEE L2 OIS ERSD
DPO,-PRELEBEAMNIKIEDLTHEI DS, WE& GFERICPO,- PEMOAATHMELT
WABEEMT ST EMTEDS (K4, 5)0 ZDEMT TD O, luteus & S. costatum O & Fig
PO, - PEEOCREMBNENER G, Tiemt. KL 0. uteus DI IZa.m 7: 00~ pm 1: 001
AL TEY, S costatum OFIFNEE pm 500~ pm $: 00 Ani TRMML TV B & &5,
0. luteus ORI 2 BTN L D BIBRIA i, XS, costatum D T 1 I3 BRI B o REIEH
Wil HZIF I - T 32 Efsbhhd. AWPO, - PEEIELT, 0. uteus DIEE T
I LB 2 nZhicib ¢ 2 BRI s, X, S costarum i L CdMAM i £ oL
DBERIh20MEHNTRIILACHERT ACERTEL . ZOEEDS 0. luteus (LRI & B
MOWE TPO, - PABE LTV B4, §. costatum 313 & A FHBTOE PO, - POBR AT H
NTVWBELEEZBZILENTE S,
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Fig. 4 Changes of cell number of Olisthodiscus luteus and ambient PO,-P
concentration
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4 E E

AERT TO. luteus 57 L2 BEBE I REE (1982) O ARESNBETORED THBEHOR
IBHEER LRI —B LT3, Bl'S, ABROPHEBCREBEBCERL £0LT
~OBEIEHAET O BABMICEITLTITHOO TV S LERT AL EHTE 2, X, AMEHTET
—SEMRIDUARS > 4 7 A FREHRSEFEEHCL T, ANOREES Oy - vis@EaNl &
L0, ABORTREBIICEY -H T4 T Y X L DFELERT LT LHTE D, ZOEER
o1 A BN T-0 AR ZEICRE O OIS p TR0, BEETHOLETIZI21/D
WA 7 AR RERE G (8:00~20: 00BEHA, 20: 00~ 8 : Q08AHD) ic & AR RIG~, Kl
EEANEEOYIFE O S BRI T LTS - BT 597 - VHBEI W TEHEY, Xehick
R TG FMRD oy — AR LN S - F 4 T YR AERLTWAT LS, KED
HEBHAEFOWCR LA GNIMAES A F A TED Ny - FEES R, KROS5
@ pertubation T b FDFFET XA 4. - TEBCER L TOAMBARIARLKOZRKTER
HERTIELhE LTHBUERB BT L THRBO Ny FE2ERL 222 LBHESN S,

— A% BRER I BB B I F T3 RIS S K4 2 (Tamiya, 1964 ; Chisholm e ¢l., 1978, Chisholm
and Stross, 1976; Galleron, 1976; Weiler et al., 1976) & K BH DU & A% D ARt (Harsey and Swift,
1976; Grant and Turner,1969; Nelsen and Conway,1979; Chisholm and Stross, 1976; Chisholm er
al 19718} T b T %o 4, Tar DEEBRTH 0. luteus (IBFEAH I (ca 71 00) A U A
1 (cal3: 000 i, S. costatum SEANAENN (cal7: 00) H SEFIARINT Cca 21: 00) iz 4 41 53
DBIEIT > T Ko O, luteus DI H OIS E BRI L H~BEH+ 20550 & 1 3F K LTE b,
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RS 2B S F TOMRNOERELF RGO & EERE & OMESMNTE S N 5.

E72, O lureus (XPER LIEERIZ 2 N EIL PO, - P OEAETHDIEHL, § costatum D PO,
P OmmEHBCRE S h, BlKBEEALTbIE, 0. uteus DPO, - POEROBBE
R PO, -PHIBRF r €25 » F DEFRET bRBICHEZEINTEY (Watanabe er al, 1982),
F P RIRED O, luteus OHFTIE, VW THIEMTL52 5N PO, -PAERIC DAL &
MHEIAL TETOVA OR6E, KRR, H-T, T OEHEE O, luteus O I H BT OS54 200 & &
THEAUEL, REPPO, -PARETH > TH 0. Juteus |30 MK E~BIT LTI A EL PO,
SPERENTAILENTERLVAL, BRIOC LI, Gonveulax polyedra THHE ST H
D, COMBBRREBHETL, ERENTHBERIING - NOER &AL (assimilation) % 7T
L RICHREANRRE IS S - AR T 720 TRFETC L E R RO~ 100 BIEIRLS 5 0
EDTEERINTHILE N T % (Eppley and Harrison, 1975; Hartison, 1976),

HEBARMODITEAL R, &(@o@wmﬁmﬁm%ébt&ﬁ(w~mm)f%4ztft0
( Holms, 1967 ; #1M, 1975 ; #f.E, 1976), # OFESKEIE L LIFECRAREBE MF
LORUL-T0EZE, ABREBDETRRBEEEIZLVIECS20E LT, WEBLIETER
G HBTICHAE LTV A £ & A4 S 11T 2 (Holms et al, 19670 DX HiT, HAKATS
BHC BTN S, BRI AE IR M L TR EANICBR T 5 0mE RS T R, [ERO
R MO AOEIIEEE L LT, REEREEOCEENERBT UNEICLEAEE,
AEINO; - N (G. polyedray, PO, PLO. luteus) %8BI L, HPEEHRE BT L THREHEEF
AT D BREA RIS 2 C &MU LN 2, @ik > THMOHOHIBRT LS 28R EHIR
BT BEFELONEN, LIE{ES, PO, -PHRTFIRHIEIMTIE, O. luteus ICHER S
tﬁ@@ﬁ&%@@mﬂﬂﬁm@%%ébaotnbn(nmmmemuI%n,%bt%%ﬁm

SPEBENLS 3 L0 2 RABROBEE OIS ICEDLRIETE S L VA 5,

AEDFREPERT 5 ARET)NE T Fe SHIERTF &2 T0 3 C & BERSNTED(Yamochi
emul%n,%ﬁﬁﬂxﬁwmmgf,&,NofN,Nm—N%@%%ﬁﬁﬁ@ﬁ%%ﬁ%ﬁ
HOMBOKERBEE EEX TR TO L BRENKS S,

5 &bHHIC
REROFREAEFRICE TR I W FREOEESF Y, BEEBL TLEREETLH
CETRP—RERETERSOLLGDT UM bEAA, 2 TBOALZMAHFRMIFRD
ERICRITRAIEFTCRE, - L, BECBVTHERCBO T L2 OWESEDERM IR
TLLABWRLTNLTHSS . LrL, HEOARATE, BE, 5988, FHREIFRB—HuS
MERLTEY, HCRHGHERT 2HEFELE OHBEEEL V. REOFPRERTOTE—KER
DETHEC ARFGEHIE BEBEALEH CHLBRSBADO F5=Thh, +hickd 2 BRTRE
ZDRE—ERET CEICU DA LT, EM0RTEBEYE & OB THITL T\ &, Bohi:
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10, Olisthodiscus luteus & Skeletonema costatum O

HRTEOCRAEH

The Diurnal Variations in the Cell Densities of Qlisthodiscus luteus

and Skeletonema costatum

HNIEE

Masataka WATANARBE!

£ B

BEME & R ES AR S8, ke OREIT &8 L734 silica sol TH3
PercollZ I\ TR E LD BEEA BB ICIERG L, 153 L /- HEBE Skeletonema costatum
BLUMER Olisthodiscus luteus OIIATEE S E &3 FEPEMNESTAELE T HR
BOEERSE LI COFEIDAREEORNERATML -8R, AREE I
0. luteus, §. costatum EHITEB/N o =110, Ko > 1146 THA T &, =AM
HIE A 52 A RSASEIG A2 (O, luteus 12 7:00 AM ~ 1:00 PM, S. costatumii
5:00PM ~ 9:00 PM) ic&F L T A2 &, ESKFNFhOMOTNMITaEE %
52 W1 28R D ATIRESFR T 4 T LAHIBR L 72,

Abstract

The method of density gradient centrifugation has been developed for direct
measurement of the densities of Olisthodiscus Iuteus and Skeletonema costarum.
Silica sol (Percoll) was used as gradient material and did it neither cause plasmolysis
not gel at salinity of sea-water. By the use of this method the diurnal varations in
the cell densities of 0. luteus and S. costatum were measured.

It was found that in both organisms maximum cell density was over 1.146 and
minimum cell density was about 1.10. Minimum cell density occured at cell division
time (0. Jufeus: 7.00 AM — 1:00 PM; S. costetum: 5:00 PM — 9:00 PM).
Namely there was 12 hrs time difference between the time when 0. luteus showed
minimum cell density and the time when 8. costatum showed minimum cell density,

1. HuzAEGEE KELERE T305 SRR A Her
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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1. Fe&HIz

BAIC & S MRITEICH S, (euphoticzone) NI VAN RS B FLEFE LB AT
DRENDNT NS, BHEOMBMEETICE > TH, SN OE LB IREET S LEHE
B, 1 HIEHOE NG ATORIAFHMIC L - TThna RaHED, 1| QO ER RS L R 5
BOBBEBLO ORI BFTUS W Lizd- TEMNICELBRICIER T 2720015
DL TH S, Smayda (1970) B & RO BRIC BAL TIEMN review 21571, BEO
BB LEDORS - BEHRLOMBER TV 3, — kD BB LT ABEHZT 2
NEENEFENDE, §HbbF=gkd*(p'—0) TEEHEINE, L TEI=HaDKkiE, 4=
R&EES, g=F/NEE, o =BHOHEE, o =HEOEE. &L LRKCELKOESELTN
i, ZOWEE 40 = (o'~ p) 5%k 1% & 7275 O (non-motile phytoplankton) D+ & L <
BURERET 2 EEL SN 5, #ik71% &-DEE% (motile phytoplankton) DIEF, tERHE D
HRTICE - TRUESY, 2hTb bBOANEZI A it 3 Ehy M. WHEEHKDOKE R
LO2I~1.028FE L ~E LT 5, BHOEE o (IR, WG, wAagofliks 208 &
Ho WEHABATOREHDLEMRI b o, BEA L DOBRERRCEIC L AL
LCH#Y, BT, »T negative N{EH % &7 51, #D7z5 “flotation paradox” LEHF N T 5,
BHLEO IO, VEEREA IR THDBE LS I20BNE A SRV 5 (Smayda,
1970). $ibH L DIZEER, ) Ermeglnd s,

—HHC BIAD PRI Stokes DERRIICHEVRDL SILEZ S5,

2grt (o —p)

¢ 9 v o,

LT =HHOERE, ¢, =FIRERGH, COTEINBEORS SRBEENBREA A X ¢
BHRMHIZE < o X S colony 2T 2 B dSkeletonema costatum’e B\ T I ok BB B & 1K
EH D, colony @A %L hREELUSEIF T BS. costatumiz > TR % silicarod iz L 9
%5 & Lchain 22053 2 2 ST X DIGRIEHIREL ¢, 2 ASEHBEE L ETIHTOLLILELS
1%, Silica RINTH R ENILS. costatumDINBEE SR B DR3C OB EEIGNE, 0
{thatitd, ARXOME, HWE, Fick SMINERREOEAZERER B4 RIFTH, Fhidp
B RS S5 Edh-Th, BELFELSEAHLEEDELL,

—H & OB E L FE S UTEBENT AR L L BEEANOBESIH4ATTS C LHEZL R
5. T HGEMAAHCL D EROERNER o 25084, KEOEEHNEBESE (do=0"-p)
AhEd (LLREA) $5LCLDMMBERERLD (LLAERD) S8 ECENEILND.
BERE O oMb HREBESR SN TE I, 34bE D ISHEOER, DM BiE o{LEMED
| D ohEL SN B, Olisthodiscus luteus S ISIH £ FHd 3 ¢ &2 S h(Dodge, 1973),
& 52 8. costarum bIGWIE % EHF 5 (Bold and Wynne, 1978). L LEHEO &3 12 BILE
HEHL, BEDRCENEFS L300 (Smayda, 1970). & SREBEDTOLROIEHEO HE
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RO A R CE A HEMICHER I N T 4(Foge, 1966). Noctiluca miliaris (Kesseler,
1966) H#gAhTERER LT MM, BAITILE L T LF MR T ot BE o
sk BEE RO ohte L D BTN 2 i1 4 » (FHCSO, *7) OBER. D MR
ONa* BEN KT HELTEY (EEIEICELTHROFERTED), D& 14 Thb
NH, pig@Eic ST hb. £ Ofthic Ditylum brightwelli (Gross and Zeuthen, [948; Eppley et
al, 1967 ; Eppley et al., 1968), L Valonia macrophysa, Halicystis osterhouti (Gross and
Zeuthen, 1948) i D W T HIZ KO (LEMBUT DO TOMFED TTH I, MfakA Ot
MELDEAIC & > THEDE LB L ST 5 C L&, N omilioris GBS E LT, FF5ERITEBR
W LT (Smayda, 1970)

Plbak s, SEHEBRERTFICEIL L THS QMBS L@y, LRmSie L ofiL,
Rz A HENEBC L0 B0 OFEEELSH T T LM IDHA Do

WD O DEEMOTEMEL, Eppley RW. eral, (19673172 &k ST, settling chamber %
T B 4 RERIICR 5 T Lt k1, Stokes DILBF AL b HilaE 55 Fd 5 OHi@
BOHETH ~ 1, TOFETERMROGERIERFROEENA 0, AREEORITK S LEEN
ER X

oz &, ABXKEOTEEFOBRNERE X T, LY IEMICAEST 55 (F
B HRELE #MEL, 2A2HA0T, KRBER LD E LE OIS THERRIKS
BHERO. luteus RS, costatumDTAEE O BRI EALANE L, HERICE T HATIRHEZL
K& BRENEG~ORE, LoURBEROEERIICET S MAEEELOEBAFHIC20T
WA,

2. BECSES&LE

Price et al,, {1974), St. Onge and Price (1975), Morgenthaler and Price (1976), Price and Rear-
don (1978) ®—HDEFRIC L b, silicasol & ACAEFC HBMOBEC LV BWEHE B L OO &
AT 2 HFEMTHh. BNERC YRV o SsucroserRKic 5 &, & T
e MEMASYE, BEIEEBART LRSI A & 2 it did 5. EEAL
1. % sucrose & Ficoll {polymer) DIE-SHIT HKIC L i { ¢, T S IREC it E v,
Ludox AM (silica sol, DuPont #) ($i#EAHES, BEXF v v L HEWH, 0.2MEILEDNaCl
LIBETALBET S (BARONaCIEBERHEM. ZOLICBEEMCONTHAEE CHE
BRI L s TRETH Y, silica sol FBKRELBATEL Y, CDHEE X % Price and Reardon
(1978) i Percoll {Pharmacia Fine Chemicals ) MWV 2T Lt KOMHE Lo Percoll i3 MR
A HMENKEEL VO T, WREED Rer EoMmEsISEI ¢ &, Percoll
TR FERLIRTITOEROFECHEMICE S £FZ S b Price and Reardon (1978)
DHHWAEEC O ER L iTTd,
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#F 1 FEZHREOMEE (Price and Reardon (1978) L 0 51H)
Table 1 Composition of gradient solutions (From Price and Reardon(1978))

Component Amount Final concentration
Starting solution (low density}
(S8W) sorbitol 91.1g 0.5M
p=104 {TRIS-HC! 2.64 g} 0.05M TRIS, pH 8.5
TRIS base 403¢
MgCl, 1.43¢ 0.015M
seawater 100 ml 10%volfvol
distilied water to 1,000 ml
Final solution (high density)
(Percoll-SSW) sorbitol gidg 0.5M
p=1.146 TRIS-HCI 2.64¢)
{ TRIS base 4.03 gf 0.05M TRIS, pH 8.5
Percoll 500 ml 50%vol/vol
MgCl, 1.43g 0.015M
seawater 100 ml 10%wvolfvol
Percoll to 1,000 ml

NaCl {0~ IM)35 & O MgCl, (0~ 0.1M) i350% vol /vol D Percoll EDBBR BT L ¥E L
i LOEOEEC OEAE{ES AT sorbitol 2T A2, sorbitol (0.5M), TRIS (0.05
M), MgCl, (0.015M), 10% vol/vol Bk DEA (SSW) KEWTHERIHFOSEERL,
LI DR (SSW) i Percoll & ITA /2 Percoll-SSW i E W THHEHN GAHOH %
FL, SEERERLEL LS SHREI N TV A(Price and Reardon, 1978). iB&# (SSW)
AT L CBEBE GO, BREO sorbitol £t 4 & sucrose & [EHHCHIEEBEA 2T
FTOTEELEFREL S0,

WAL 1. 146 (Percoll-SSW)D#50 ml & & 1.04 (SSW) @S0 ml 2#FEC HEERIEEE (™
3) WO oD L) Y- AN, 222 EHOT 00 v -2 BESYE, w5 F b R
= 7 —THELBESSTOHMN LT EH O TeorexH 5 2 W@ VT (150ml) OBEZ-DH5
H, EES S EEALE — BOFIEC JBECE{ER L2 (iwo-cylinder method). T @GR OiC
fEREE NI B YRS BIEIET ARFELLT, FE~—H——~2ZZR 0. COFE~—3
— £ — X3 sephadex 2453zt T L= HHRATH O, Percoll P TR L HEMEZ DO E— X
EZREL, BAOE-ZEBILBO LA, SEECLLHFBEIRTE Y, BOLERICTEREH
LEEC SEO LI EOEE-—A - A2 HB L, 2,000rpmT2HA0ELETY, 40K
— R LE L WHEDAEE THBTAC LY, WLENOBREI SEEMLIEHBTEL. B
ldEE- -~ —2Xmy FEREERL, ik EFE < — A7 — v — X%l
BT A EEHHBEFECHES T u .y P TE3 @4), ELFERERLLTEE SR ki
LS AEHBARBL, Tr7a~y Fo—F—ickd, 2,000rpm 2643 B @ & 0% T 7o
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B 1 #E~—n—E—XDY FIERALE
Fig. 1 Banding of density marker beads
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Fig. 3 Instruments of forming density gradient
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Fig. 4 Density gradients in a centrifuge tube

MERTHKAE CEOT, HOOMBEEESLocSRcafishsy, R2azosish
b BE T4 5o St. Onge and Price (1975) 13 silica sol % Hj W fo 8618 € 5 BRic & 0 53 U 7 MR+
DEEFBIE~ — 5 — £—Xic L0 BE L, I & h i SREETE 734 0 polymer DIFFRIL 5T,
SO pHR & - THHB ARG 5 EMbh TV LIch> T TIFHIE NI B D Mk
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Percoll— SSW TRk LB Hlic k- THKICHBES 172 0. luteus
(14: 00PMTDH > 7 )

Banding of 0. luteus in density gradient of Percoll-SSW

(sampled at 14:00 PM)
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BHERFNOIKLIZEHREZIATO A, BitoBEERTH - T SMAL HEEFLafkEE b
EFT¥Ficds s EREREEARNET T ENTE ARG D,

3. O, luteus & § costatum D BEELOA B

1IO=Z/M7 32 2%2H0T, O luteus BL U 8. costatum % /2 154 B L CEE N ICHER
Ltz REBEGGHEBERE21°C, 3,0001x OBEETFTI2he— 12hr ODHEH A 7 LD L ETHEEE
BAiT-te RS ZNFNOMOERMRETTH, £0ho dbh 35 L 5 it Baigic H e
LEETHEHOKREAGCTHREEREET >/ B 2ETHR~IZHET  Percoll-SSW (50ml)
& SSW (S0mD) AHGTEEIIEBEEERLALRL, v FAdml 2EBL, Ty yrn— g~
h 1 2,000rpm TELZETY, BHEO Y FERMBOSS 253 2 Linky, H2x A0
TEEOMEAEE ARGE Lz, 0. luteus B LTS, costatum DIMAEE OHEZEE £ 2 iRT .
fERIE S/ Percoll-SSW (1) WKL ZEAER L1146 THY, BMEOMRAEEMI N EAE
CHBLBERETBRLUELSMT 2T LHTERCND. COPESOENOMIATRE IS I R/ESEL N
FTCENTESF, BUCH> 1146 LOHIR LIso 5 1 IR L1 sorbitol B THEBLE <7~

3
4x10°
Skeletonema costaium
3x10%
E
-~
o
B
2x10% -
[
116" L
)ﬂ—/c’%;smddr}ms Iutews
T L T
2 4 8 Duy

B 5 0. luteus U5 S. costatum O FER

Fig. §  Growth curves of Q. luteus and S. costatum
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F£ 2 0. luteus L8 costarum DB EO QEZEAL

Table 2 The diurnal variations in the cell densities of O. luteus and §. costatum

Olisthodiscus luteus Skeletonema costatum
14: 00 2.6 cm p=1102 = 2> 1.146
19: 30 [ 27> 1.146 2.2cm p=1.108
2: 00 1.9cm o =1112 20cm £2=1.100
7:30 2.5cm =114 2.0cm o =1,100
g:00 26cm p=1102 E~20cm 2> 1.146
11: 00 24cm 2 =1.105 E~ 1l5cm 221,146
14: 00 2.0cm o= 1.100 B 2 2>'1.146

RENTHEY, BRI IERIHRTEREEHER> TV 25, sombitoll DEE+HF A HLL
REBEEDT 35 2% 6oL, BERERBOKANELONIME, Aot tEuHREE: b1
LTHERLNL, BREEORBETVANG sorbitol DEEF M RI LT & A2BHNPTH 5,

0. luteus ZE 7 00~ 1: 00 PMiz it THIRIS B ATV, S costarum {34 5 - 00~ 9 06 PM
Ch i3 THRIBAHEAT HCEMTLNTYEH, FK2ILRENK O, luteus & §. costatum DL E
BEEOF TR NMBEE 25X 26500, R W0oBOBMRSBOBMICHIELTVWET &
M OEBREE RS SHEAL 2. X SICEESBRITS B O. luteus & S, costatum & 1, FIKIE R N
LR BRE (T O M HEERD DIIZEEHIOM HESTESTS L) Bk s 2 BREEB 1.

O. luteus JFEAMEDBBETH Y, BEEBHENY, BEHCIZUBOMRLDEIPCE-TH
@,aMmmwiﬁﬁﬁkﬁiéa%m%gaﬁmfgaeLtﬁot&%%ﬁﬁmgﬁuTEm
BE L, BEARETHSRETED &V 5> BEBEHIBRIICKES R, O non-motile 1538
it L THEFSHA IR -TV 5,

AU TS, costarum TN % 6709, & LKAEDELN (turbulence) Hs7L 1T f1iE 2 B 3
RIZEIOEXBIIRHECE LW EEZIONTE . LML S costatum O E E o0 H EEBHIE
HEREY, BRSO TRFEL(EBEEEE T I 2CE0TE, - THMEESEHMZ L 2
BLOBEEL D GREVEIRICE VTR, S costatum 2T HERBAICE B LIS 5 Ak 5,

&, BT LEREREE TS RBEROST, UoURBEROILIIREDOEES O
futeus & S. costatumit D0 THRET B L Lt kD, HAMKRICHDIRERFOREEME L
WTE, REvA 703X bk 2 FEREIVT, SROWARBELLEZTH Ao

4 & @

O. luteus 15 STNT S, costatum DT E 4 L 0 ERCAET 2 EEZ SRERLEERRE L .
PER O settling chamber % FV T Stokes DILMEN S D MIRBR AR 2 H E LB LT, MEL T
CHhTHD, HHEAHET T ESH S FRCMEEE 2 HATES3RCFZOREBNH 3,
O. luteus 73 STHT 8. costatum DMREBE O HERERTL, MR O. luteus, S. costatum

— 153 —




EBICENe=110, Bke > L1146 TH BT &, R/MIEEE 554 2 B5flAHRia S Resbic &
LT3 T &, &5iC 0. luteus & S, costatum & 1355 MBS RD 4 Fr D BEFSTASH) | 28505 o fi #2548
HLLEHHIAL Foo

HR S e & BEGR L THIFDEIE L B £ A 4 52 &, £ ORI o) & it 5
AR S D SROAFTREE LD B ORI TR IRBEINETECEMNTES, o
> L1460 STERTE ~TOAETR Lich, BAERT v v v LEHKE 44T Percoll-SSW
OHEE HBEEMEE 2 5 2O TRAT 48NS S - Bbh i,
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Ry AFRAnWREY W05 (R—30-282)
Res Rep, Natl inst, Environ, Stud,, No 30 1982

11. ¥E2EIR Olisthodiscus lureus [C L 5%EMNRE
Rayleigh-Taylor Instability

Bioconvection in Culture of Olisthodiscus Iuteus and

. Rayleigh-Taylor Instability

FOIEF i &

Masataka WATANABE! and Akira HARASHIMA'

E R

HIEER S (w1 7 03 X8) KB TE#R SN Olisthodiscus luteus DIEBHTHO
EER AT oo RBICERIL 0. lureus [T F Az &b 558 < DIsRod Ui
I H30 (falling finger), TR S IBES N TRARSEEIN, ZOTFHRRESE
HEF 1 7 i BT 3 I & > TSN TE SO, T hdfikd o T-EES
MEEEDHC LD RBICERL, 2OBEEENGICLIFERKEER L6 LI
LILEB MR Q0SB RTHASC LA L 2. BIRNMRIEEREL, HE
e U BRI R ORLTERZE, 4w 2 Rayleigh-Taylor Instability & L7 B
WETY, AN EEER o LR Ant kY, ERERLOBAMLIHITT
HTlizdy, EMHROBEEMRBL I

Abstract

Vertical migration of . luteus was observed in controlled experimental eco-
system. Although Q. luteus tends to swim toward the upper surface due to photo-
taxis, aggregations or patterns characterized by falling finger have been observed
during a light period. The phenomena of this falling finger can not be explained by

« phototaxis. Flagellates which are heavier than sea-water gather at the upper surface
in response to light.

Such instability due to density inversion causes accelerated convection, called
bioconvection. The instability theory of superposed two-layer fluids with density
inversion, called Rayleigh-Taylor instability, is applied to obtain a critical wave
number (or a critical wave length) for instability as a function of density difference
and upper-layer depth. The result indicates that this theory provides sufficient
explanation for the observed patterns of bioconvection.

1. EAAHBIEEr RETEREEN TI06  SRURREAS MR
Water and Soil Envitonment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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1. &I

HEEH 3T 1 m /h OREETEEFF (vertical migration) 2170, B3 @ ICWEIIL TEICH
B S5 LB ATV B (Hasle, 1950; Eppley er al,, 1958; Holmes et al,, 1967; Forward, 1974;
Keifer and Lasker, 1974; Yamochi et al., 1979), £ ERIC LY AFERO BRSO SR, B
BOE# (succession) VI FEEEMEIC L3 B0OME (dominance) & E P23 THm LN TE D,
FEHFEERERIIC L » TEBELLER 5B T4,

7470 a3X 6—5R (HX7em, HE0cm, FHB610455 28EER 2HOT
Olisthodiscus luteus OIERETE (/7 24%H#0, 21°C, 3,0001x, 12h —12hiBES 4 4 2 ) 21T, &
EEBDERET 1RO luteus RBH PRI EBEBH L, CCRBICERL, SOWEENs
Ril& D SHEESEGETLTTRARUS @O, 1982), il 1R T L3 it lEpic &
b 5  DIEK D F AT S 450 (falling finger), & AICfE 5 IS M- FIHESIEE S A
bo COD&IIETHRBERIAGG ¥ 1 7 VBT 2 EAMICE » TOATEHWTEL N T LER
LT, ThBbhhUIBRICI -~ TECZOMZFV/EENTE L

HUOBEPLEY T 5 » 2 b v Tetrahymena pyriformis (Loeffer and Mefferd,1952, Winet and
Jahn, 1972), ¥ X ¥ Euglena gracilis (Robbins, 1952) i 2 THE S LT D, ‘bioconvection’ &
FELE .74 & Tetrahymena pyriformis i X % bioconvectionDEISIC DT B 4 O [ BiH{RSE
ENTHY, Platt (1961) €N S% & LT, 1) Bénard instabilityic & & ¢°< dtific £ 5, i) fl
BOEHT 7 v 7 by OBENREIE Z20BEED LR, IDFHEKLD bECRBENK Of#ikd
BHEMBEICET 2FNARE, WRELIDECAYRES BTG T 2 L ERTIEE
WERC S 3, S L fee FAOERBRE LD Platt (1961) 11D & L i V) DIRHEASER &
ER UL aEAD B & BB OT .

O lyreus DIMREE 2FREC H EEEBICL D EBNEETEVH 1L10~1.15 209l
O. luteus O E—FF DIEEHEL dStokes DRI L WD L HILEZ S 5.

yﬂ:%grz (pg—0) v ) (1-13

LLTI=FNMEE, r=HTHEE o, =HFHEE c=REEFE v=§FiEkt. (1-DKX
TEHEX NI 0. luteus DILFEER (3K Tem/hTHYD, PRIIHhTO3 FhEE (Im/h) O 1/15
K EY, HEROTHASEZHUIUBERICL - THRHTE LN E5bD 5B,

FERBICER LI 0 tews it L ->TEMRENSZ LR, @-2b & LEa8BATERL, 0. luteus
AEU FBOREEEL, TEOREEELD bOPFARENZ EHMIFL /-, P2 EEE
Ltz 0. luteus DIEHEE 1 x 10%cells/ml&d 3 & do= 062 x107'8/cm* D& FF 2 421} L@
FTEEn &BELHE: MEDZ LY O luteus MADRTOREBERL LD &, BRRLL O, luteus
2R PBoRELZEREE L TR Y, LT2ERORESGECH SARERE WHws3
Rayleigh-Taylor Instability, & UCHHTe ~& C &8 AT - /o Plesset and Winet, (1974),
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B 1 #iEAO. luteus (T L % bioconvection
Fig. 1  Bioconvection caused by flagellate Q. luteus
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Plesset and Whipple, (1978387 5 »» # + v Tetrahymena pyriformis |z X 2 bioconvection ©
BREHRL, 2BHRAEDOFLEMEL LT small amplitude theory i & 53 LR & L THITEIT-
tro UL L 20 EHRIEREAMBEINTOAC &S/ A L TEH Y (Plesset and Whipple,
1976; Craik, 1976), & SRMFEREMVABTBZAETE (LI AT foo BEXIT
BT, ERLDBIAEINE T EDIED- 1 BRER%E R DRayleigh-Taylorf B O — e % 3K
&, MEEEO. ureus iWBAI L, FEEE b1 O TERABES (critical depth)ds X UFRREHE (critical
density) KOO THRmM B L VEBNZEEMASILRLD, WEFOMES N TRERE &
¥ bioconvection DS AW S § 4,

2. BEf%ME% D Rayleigh-Taylor Instability

FEE R A distatic ARIEE U THE L T 2458, BAIP & %E p (I8 EEJE Z DA D B
1 Be L DHNID static 1 PHRE 51 2 HADMBIDRIER, O staticZREBIC BN EEL
2B Z, zOAIOEHEER T I LT L THAELENTE L. Allick- THELS
FEEBE 0, ENEYE 0P, I oCHERS (FFFCNIVEFIONE) 2w v, w(EHE
hr, ¥, eHRORERD) LT 5. —HEEEREEER, RUENOEELRAT S L, BB
BARERX, dAERRehFNROL 31252 5#15 (Chandrasekhar, 1961).

du 8 2

Py =——-0p+apiu (2-1)
au a 2

’“W“Ty‘”““”’ {(2-2)
dw a 2

pﬁT__W ap""#V w*gap (2 3)

bu 8w  Gw (2 —4)

bp=—tw—— (2-5)

BLx, yIATHR, 2HBEAEOLT S, 2, ¥y BIUOFHEH L TROL S UREORE %
RKET 50

exp (1R, X+ ihY +nb) (2-62

TTT, ke, ky, niZERLET 50
(2-6)RAE(2-1)~{(2-5)RicRAT 3&

ik 8p=—puntp (D*—HF)u (2-17)
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ik, 6p=—pvn+nu (DE-k%*) v {(2-8)
Dip=—pwn+pg (N =k w—gdp (2-9,
ihyu+ik,v=-Duw (2 —10
ndp=—wpp (2—-11)
zcT R =k + k2
ot
dz

(2~7) K& (2-8) AicghTh—ik,, -1k, ZHINAADE, (2-10 ROBFKE
il 5 &

E2dp={—np+p (D2} Dw (2 -1
(2-9) F& (21D KLV ROBERALFD SN D,
Dép=—npw+p (Dz—kz)w+gi;—Dp (2 —-13

(2-11) A& (2-13) A& D 6P EHET D RO LI UM RERERBS 2 oK%
Ho

D[{pf% (DE—k2)) pw) = k2] pf—;l— (D&% w—% (Dpw] (2 -14)

A2 DX L—FBBTO O luteus DIERE L7 IREER, X 2 izschematicic HH LA L 5% 23
FRLEEZBLLENTEAR, TUbE, 2=0BWTEELL PRI ZREL I 20K
WL TEh, 2= hEkEHL T 2. TRBEITHCREOLYD, I TR 2= —w TKERET
5EFL D TNTHOBATRRMAIT ~FELER o), o8 LU, 2, %HD,

hENLE, TROMENK S TEEEJE o TR TS (BLEFL, 23
Bd 50

DU o2 (D*~#%)} Dul= k[0 ——- (D*~ k%) w (2 -15)
B, Mt u G2 NFOEANTE—ETHL20T, 2-15) AdkDLHIicEL 645,
[1_€%(Da_k%](0&—kﬁza=o (2 -16)

T v=u/p
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Dl Ul l

2 2HEWRiEFR. e o
Fig. 2 Two-layer flow system, p, > py

(2~16) iz D L& 5 45— % $ (Chandrasekhar, 1961),
w= Ae*?+ Be ¥+ Ce9%+ Do 9f (2 —17)
Lfcii->T HR, Ttk 3 —BBEEecE5 415605,

w,= Ae*? + Bie* + Cle 9% + Dig ¥ (&<0) {2 -18)

w2=/-]zekz+ Bgeikzﬁ‘ Cgeq22+Dze_qzz (Z >U) (2 *19)

LT q=Jk*+n/y, g,=fki+n/v,

(2-18), (2—-18) 5L on —EUL T OERSHERR Lt oy,

i) 2=~ T w=10 (2 —20)
i) 2=0 ko THERS DS, $T720pb W=, (2-2D
leszz (2 *22)

fi} 2 =0 k& tangential stress {3 g%,
T

du dw .
w5y = gy) =u(Duriku)

av ow .
ff*’:“(?a—z = 55) ~#(pveik )
L 7243 T tangential stress {1

?’(k! 1:'J:z“}_ky rJ’?.) =—#(D2+k2)w

& - Ttangential stress O BFESEHId R & 75 B,

La(D?+ R w] =[n (D*+EDw], (2-23)
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iV) 2 = (BT, normal stress (S8, normal stressiZRD L HIRDHB S 2,

N=—=(p+8p)+ 2upw
=—p (0)—0p+pg(+22Dw

= p(0) =8+ 2w 2upw

ceTw=n, {RNBERBOERN T, —A3# &[G Uexponential factor & D& KET 3.
P(0) e=0kKBHBEN, TLTOp, w, Dw lHz=0ikBddERLb. (2-12) K
L b

0p =3 [ ~no+u (D k2] Dw

£ - T normal stress QAL IR D L HITE S,

[N ={~N] (2—-24)
LT
N=—#4 (%w+2,u0w) —nopDw+p (DE—Fk2) Dw {2-25)

V) z=hiznT

w{h)=10 {226
82
ﬁw(h)=0 (2-27

BREMHDEID  B=Di=0, £-T

w=Ae+ Cen? (228
BaREHE i &b

A+Ci=A:+B,+Cy + D) (2-29

EA +qCi=kA; - kB, + q,C,— 4, D, (2-=30)

SR LD

w[2R2A+ (@R Cl=0,[282 A+ 282 By (g3 +4%) Cot (g3+k%) D] (2-31)

— 162 —




BEREHWMED
k k2 k k
Lo~ fZTQz (p2— o) Ty (#2*#1)] A+ [~ g (ﬂzﬁﬂl)ﬁ"n_q‘l ('“2‘111)] C,

ant

ky k? kg k2
+[— pp— W {0 2"91)‘? (#2—111)31424-[.02—2? {0, —,01)'*‘7 (#2'!11)]}5’2

: % : 5
= i (0300~ =1 (=] Cotl= gy (02=p2) + 2% (y= )] Dy =0

{2 —-32)
EREFEVLD
Azekh+Bge_kh+Cgeq2h+Dze-q2h=0 (2_33)
Ap k2 4 B, R%e R + O, ghet2h 4 D, gie 2 =0 (2—34)
RO LI UERZTHRS B0
A, Ly
= e—_— = .+ =
“ ot 0, » e .01+.02 i vt e L
_ 9% pempy _ Gk
k= 2nt o +p,  2nt (o= ay)
kz .ug‘.ul . k2
F—_ﬂ“ R = (ay - y)
=gt b =gt o —emah | em0zk
(2-200~(2-34Y A= PV w2 RZHOTIROL IREHS 5,
1 1 -1 ~1 —1 -1 A,
k 7, —k k — 4, 4, Cl
2kt n (@E+EDu, —2k%p, —2k%, — (@3+hDm, —(Gi+RDu| | A,
«-R-F -R-F% —a-R-F a-R+F —-R-FZ -g+rZ 1B,
0 a b c d C,
0 k*a kzh gic qid D,
=0 {(2—35)

(2 IR THEEINLHIHAET HER D determinant 3 ¥ o Tiidiud oMb &0 ) Eik by,
@, dy, oy, e, RS L NE, 2 OFEABRRMKRO L TR 5.

— 163 —



1 1 -1 -1 -1 —1

k 4, . -k k ~dz gz
2R, (@3+kDp —2RPn, —2kPu, —(qHREDp giHED) 8,
=0
a~R-F _,R—F% - R—F  dyR+F —R‘Ff —R+Ff
0 a b c q
o k%a kZb gic q3d e
=0 {2—136)
FJE & FIEIC f54 A kinematic viscosity (FRIFHL VL EREST S &, .
v,= v, = v (const)
Lfiﬁi’)f
2 #
G=q,= [k*+— =g (2—37)
S SIRIOD L D IEMERATS
n
$ =7, (2-38)
.{=—%= 145 (2-39)
Q= kguz (2f40)
(2-38) ~ (2—-40) X &y, & nidkNTELOhE,
1 -1
k=(%)3 0 ° (2-41)
g2\3
n:kzu({tn:(T) (P-1) Q% (2-42)
& mcn@ﬂr‘fﬂ:ﬁht (2-36) RHKDELSILEFHEN B, .
S S RUSE
—{a,— a)[1+ Q1)2 ][2052 %ﬂ3(1_1)+2w1 .
a (b—a) (/1)
(12+1)(1——) (dff)
(‘fz—dl)Q dp— “1 _ - -
(—~—17 ,2 Nd—e)+2a,¢y | =0 (2 —43)

c (b—a) y
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(2—42) XL pnig reAalf‘Si@. positive T& 3o L7oH-> THEELOREIMRD L & & B
¥ @) AL, FTOwave number k it LTARLZRETH AT Libh b

(2-43) KBV T, FEDIOEEERETANE, y> I TOHA D yOCHLTQDHE %
KAHBLLEMTE, COREMNT (2-42) NL v niRd, EEC (k, n)OBERERD S
LeEmTED, MIRTLELDIE, 5L0NEEE (o—a) EES HTH L TRADRLE
BRER (£ 3RO nl) #5258 k, HFETE D5, BBRICHEAANEELZER S
wave length A= 2z/k iR T AL A4 L bbb, CDEKALEE RS A Awave length 2
#i falting finger DMk E &7 5L, HBREBVWTREBEVO fingerNoRE &L TN NS, &5
RS IBOTEAONAHES (¢, ) LT, FEEFOE{CHT S wave length 1,
DFELERLELLDT, TALDEAFREEL bot - FIIBEEE (¢—-9) 5 LU LEOR
EhOMETHAL b B,

T T T — T — 1
.00 24.00 28,00 32.00 36.00 40.00

£1 = 1.03000
P2 = 1.03007

H = 0.20000

B3 frNEFUBIEERN & wave number k & ORI R
Fig. 3 The dependence of the rate of growth N of a disturbance on its wave
number &
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o
o
1 — T T T T L T 1 T T T T 1 T T L T
“b.00 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.0 4.00
LAMDA
P1 = 1.03000
P2 = 1,03007

H = 0.20000

B 4 HEEEEISEN S Wave length A & ORI

Fig. 4 The dependence of the rate of growth N of a disturbance on its wave length
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Y

LAMDA

P1

P2

1.03000

1.03007

5  Wavelength A & FEEE DR

Fig. 5

Wave length A as a function of the upper layer thickness
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I ERmEER

RN A G T A BRI L LT B&d0em, Wl0cm, EX 3cmdE Y A—F R A O
BSR4 G, KIRIBICHETS 0. luteus %, #FE21°C, WA 3.0001x, /2 BH{ER, 12h —
12RBIRE S 4 s alc L 3 BB AT oo LN MO LRI ERBNTH MEL
O. luteus DL %A —FiC L, 3050 B HRBELTHY L &b, FEBL 0 EKRETWREBEE H Y
kL

LBRDTE 0, RO LI IKD S 1D,

Up, U0 v
pg=—1 00 o p 4 0
v+, v+v,

4 | (3-1)

BL o= EBOEEDOERE, ¢ =LIEOBIKDERE, o, =0. luteus DBIERE, v, = O. luteus
DIERE, 40 =0y~ 010

TR DBl iEic £ 3 O, luteus DYIFIELREIC LY, dp=0 12 LI N O. lureus
DOEFBEEH20x & LREERET 2 & LB TO 0. uteus DIREAEHIm cells /om® DIGS

pe=p+mx 05 x107% g/cm? {3-2)

B 6 liemait/zEBROES, HEEX h=03cm, (@& =668 x10%celis/cm* TH Y, (3—-2)
HEDFHEENS: FBEL ot o= 1.03 595 & 0, = 1.030334 L4 5,

FNODMEMOT (2-43) KLOBRKAEEE254L5 8, BEFHE Im&RHDHE
THEURME THAEM, LD dm=09 L HAMREAE SN B, K6 DEHE LD falling finger
DS LTH0.8 ~ 0.9 mDEHNTEH &N, HEBOTEBEITHES 4utiin, BRI £
AIBHEOEEREMEE LT, 2OBMAEALELC LAl

i B W

HIERRRIC B THE L BT 0. luteus DEE B IS LE~OERE, B 447 1iT
Lhbh s TIES N THRAZARE SN, FEEEN T 5 MERE 0. uteus Ik TH EMHK
i (bioconvection) HEE T A MBI L. TOEYPITROBK & LT, ER/NMRIBEEL,
WL L 2 BRI RO ALERSE L U CHGBIT ST, S0 oRLT K RALEALT
EERBOH L. BREGRTCEBO TIRBAREESL 7 0T HMEH imZRD, ERER LD
BAMEFIEL o

& SR PERORIE T TR, finger & 24 ( convection cell & L TRBENEL S WHE
BRI LY, WERESIIEED finger RIC TR AT ooy, &
SR4EIG O Rayleigh-Taylor Instability Zfhr 4 2 4 EHE 3 BHN 3,
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6 EEREHHe, =103, p,=1.03034, k=03 cm®IFED bioconvection
Fig.6 Bioconvection in the case of experimental conditions as p, = 1.03,
pp =1.03034, h=0.3cm
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o
(o) _ ..
“b.oo’ 4.00 8.00' 12.00 16.00- 20.00 24.00 28.00 32.00 - 35.00 a40.00

K
Pl = 1,03000 T
P2 = 1.03034
H = 0.30000

7T WNEBEENESEN & wave number k & OFAE .
(n=1.03, py=1.03034, £=0.3cm)

Fig. 7 The relationship between the rate of growth N of.a disturbance and wave
number k (p; = 1.03, p, = 1.03034, 2 =0.3 cm)
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Fl = 1.03000
P2 = 1.03034

H = 0.30000

K 8 #UMEELISIEEN & wave length A & O
(e=1.03, 0,=1.03034, F=03cn)

Fig. 8 The relationship between the rate of growth N of 2 disturbance and wave-
length (p; = 1.03, p, = 1.03034, h=0.3 cm)
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12. SHRBIB CTOMWER Olisthodiscus luteus D53THIEE

The Distribution Pattern of Olisthodiscus luteus in Convection Cells

WREH g &

Masataka WATANABE® and Akira HARASHIMA'

B &

Langmuir circulation iz & 3 8B HAE%E diffuser 2 & O HEEILTEE Uo7kl
LB 0T, Ehtic L ABk AR OHEM Olisthodiscus luteus ZHFEEL,
ERMOERHIN Ny — VTt T AHiE A RIE RS2 ERIICEN Lic, & 5IKEN
EE TS LT, B &7 Stommel (1949) DIFAIRIED solution ALy, £
SRS CcOEXMT 7 » 7 b YOEBEBENITRY, BROTE ¢ =V,/V, (CC
TV, BRGERE, V, BECASIERE) ©% 3 4 — s liick > THEROERRUR
HHEEMAESNACLEZRVH LA, EoiIcHlY I 2 b—Yva YiREDE LR
O. luteus DT E LR L 0RO £ BT B LA LI, '

Abstract

"Motile flagellate, Qlisthodiscus luteus was grown in pure culture (60 cm x
30 cm x 3 ¢m, f/2-medium)}, in which vertical convection cells, called a Langmuir
circulation, was simulated by a diffuser, and the distribution of 0. luteus was
measured under various intensities of convection cells,

Stream function in convection cells defined by Stommel (1949) was used to
simulate a trajectry of motile-phytoplankton in convection cells and it was found
that a non-dimensional parameter ¢ = Vp/V,, (where Vp is a moving speed of motile
phytoplankton and V, is a maximum velocity in convection cells) determines an
accumulation of flagellates and the regions of retention. The simulation resulis
explain the distribution of O. Juteus observed in the experiments.

1. LI
Mk kb bHEOAZ OERLS, FRRERICEE LAk - fMREEITS 2o}, koiiEhic
& % suspension ASRE R L84k & 45 A (Hutchinson, 1967; Smayda, 1970). £ 2otk 14 #5 0l

1. EoaEDEs REIHREE T 306 RMEHREE S AT
Water and Sojl Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan,
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Bihest L TRSEZHHI TR T & 00, BROKEBEOLBRCREKS - HE#HeD
Ddrh D B, WRE - 84 - BOEB R patch DR & oA s -~ THENME LN
=y

HodEErE TR, MrOENAN 3 Y 2B L UBRERMR 7y - vEFORNETFELTH 5,
FDOHTEMED patch DKL T DRHIcE > TEEL DL LT, NELICEASK TSR
Hills At s #ic ) KoSEET), HwWw A Langmuir circulation 3% 4 (Langmuir,
1938; Woodcock, 1944; Woodcock, 1950, Faller and Woodcock 1964; Scott er al., 1969; Faller,
1971). Langmuir circulation A3 246 4 3 #If TROKER @ & IFETIC streak A5E D, K
KB «7505 b EBERENZNNARER s TV 5, TSI ENLOD streak DRTITIE
RSB Y, TEH COBRRBEET S EBNL0 TS, FBREEHICI LELET LR
DFTF Yoy FABRENL (B1), Ryther (1955) iz & bxffiifick 2 RSB HOREOE
EHEAIRRM E N7z, Stavn (1971)13 Daphnia (3 ¥ ¥ 2) O#E - KELEDELRIGO T HE,
Daphnia O FEHE & GRE & OMASHRICL D ERFICRIAL, ot 2NAEHEOE T
CTSHBEARK T 820 TRETH0AE5T, BL XSRS & >BT ok & xd
migollAa s LD, KELHWIZOTABERITHNT 5, VbW HEENHA (niche) T
B3 FIROBEES U, IR (Ragotzkie and Bryson, 1953; George and Fdward, 1973)
&0 THE S 7 Daphnia OEEB O BAE, T Stavn (1971) @f?’c LRI L BN
HEhThad, C0LHZEL0BABELGT I 2 b »OEHR - suspension iz & -T Langmuir
circulation DEEMAR L SN TV ER 400 5T, zoFMs KUEBSBc >y THEYD
ERHmEEIN T A0 D5FBOMRFUEL ST 5(Scott ef al., 1969; Faller, 1971; Craik
and Leibovich, 1976; Craik, 1977; Leibovich, 1977; Leibovich and Radhakrishnan, 1977, Stewart
and Schmitt, 1968; Faller, 1969).

o &S HAFmiEA S L ANEH (stream function) ik > THEBL, Stommel (1949) 21k
Bo 73 v 2 b yRFORB SRR EOMEEARERTE, 77 ¥ 7 b v RTFoEgE -2
MG A =% R=Vy/V, (Veid 75 v 7+ Y FOIMRER, V, PSR FE) itk
ToOAREA8HEEINLETVERE L. THOER>1 77 77+ YRFOBEEHHE
ML DRI KEV) DBE, 75 v b RTRINTHBLTLES (B 2-A). ZLT
(R (75 v 4 b /RTOWBEESEMIICNE V) DS, BREO B ITH Ui NE
U, COMBIRA #7537 b HTRERICERT 2, 5077 77 » »HEFEHEHE
T LS o L T At bbb o d, MRlASHETEAY, LhW S {REMH
1 (region of retention) A TEX BT ¢A&RLAf ®2-B). +ORAMRBAOKR T XL, RANEL
BHRERECHBTLNHZ —CLbhd, E-THBEEORILZ 757 b vHTH, C
OFAOPIC S v S L EET LGS, 52003HBLTLE 285, 5 L0 OERERE
IR 5, $HREEDORLELT 50 b TR, R -AREHEEL >OTHNLDE
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B 1 $BES#EIC 450 B Noctiluca FREIDAKESNTE  REEMZ (FE) {2 {6
Fig. 1 Horizontal distribution of red tide caused by Noctiluca in Harima-sea
Courtesy of Suisan- Koku Co,
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EHEAROPLBICEDCAH L, BULOESEBAREOTLELGEWE C AT THHT S,
2% ONHRROEAN T2 2 7 F YHTI 350" 2 TwAC LTS, Hutchinson (1967)
i¥ Ragotzkie and Bryson (1953) DT » fo BEFERAIFE R &5 £ U Stommel (1949) D% & iz, #f
WO ETOEEEE bO#kET 7 v 7 b Y DEBRIAERL, K2 -Do L 5ic FEFEED
HOLESOEIT 727 v vIERT B EHER LI,

{Convergence) |Divergence}
DOWNWELLING UPWE LLING DOWNWELLING UPWELLING
—— —
| << >> |
! ' 5
1 B=1 i |
I 1 i
1 1
B D
1 ]
R=05

2 HEXEBTOE®M 7S v OFEFR ( Hutchinson, 1917k£9)
Fig.2 Trajectories of phytoplankton cells settling through a vertical convection
cells (From Hutchinson, 1967)

FRXTH, HEZRITOEEBMNIC diffuser 7 SESEEHEIB ST EG W Langmuir
circulation 2HRBANCEIE U, [EOERME & DBES 0. uteus OHIMERETY, TOEESD
iy — v BEEBMIC K DERI L. ZO#E Hutchinson (1967) o7 LA #BKK (K2 -D)
ER—HLROTEPH L, YU EOERIBEEL & Lic Stommel (1949} D € FATHL SN
TAMEEIC LD BRI NS UM SN RRENE L, 2 TEQERRE LT T v o b vk
TOYHERBE Y I 2L —va vick KD, EBIC LR O. luteus DRy — v & kL
—HLTWACEERVH LI, €0 TREDBMICOVTRANEE & bic, MFRBHF>HER
BERICOVWTERT 5,
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2. HMEBETOEEER

Langmuir circulation 4 EB 3R THEY I ARBELEHEA A L OKF, 1979, L d
FLLTF 0 b rOEBERITHOCLFEHED L AFAEETH 5, UF -°C Langmuir circulation
E75 vy b VIEROME AR ERNICHT T 5 /-6, Langmuir circulation i2 & 2 %G %
HBICEL Lo 6D E LT, MUNI# o v 2 %255 diffuser K0 RET 2 Gk ofiiEah
tooddl A ER ST LT Ui,

FEEROMBEAE 3 ICRT, BEEERRY A —F2 1+ (E&60cm, @& 30cm, 183 cm)
T 0. luteus DREFEICAEERE R OMETE 2 LRI TV A, K Thokoh
R, 1 HEORMBEE LR Y LREBUTELBL, diffuser TESN 5, ERH
BEE L -ETORMOZRS 2RO LKL DREET »72o diffuser (188H 4 7 AHLT % ST
LR LIcbD T, BRI EDZER (5 ~104m) ZEDMAVEEL ~TEAT 5,2 DR,
EHMEEHE T RoOMRBRSER SN L LR s N, EREFRIERRTE(haY, £
NFENOTHEDTRY 0. uteus DAFHEBERREC L o RKdi,

SURFACE
DIVERGENCE

\ / BUBBLE-INDUCED
° VERTICAL __T
o CONVECTION CELL g
T Lt
¢ I
: o
g % &
% g
6] ’x " J
2L

p—=—="AIR PUMP
L

%_1
o 000 L

-1-]

GAS WASHING
BOTTLE

U-TUBE

B 3 SRS TORERERROERE

Fig. 3 Schematic view of a culture system in vertical convection cells
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RUNZ
W. H EAD t5cm

Vo=4.28¢cm/s

RUN3
W. HEAD Ebem

Vo=107cm/s

Vo=0.32 cm/s

B 4 rREic L Aoy — it
Fig. 4  Measurements of vertical convection patterns using neutral beads
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2 -V HESHAELTORR

Diffuser 1 SDEMIC LS ¥ 2 » Mic kD ERENZMFROFEN %, HiELFHTFER2
KO LR RARFo B0 —X) FEBRENICAN, 4 ~8HBEHIcL 3
BERMEEZTO, ThENOZERICE 20MRER, & SICMATO C— X0BEIEE %R
HAHETLITEDHENS S AOFBHERD I, K4 BB L FZhThoZESE (K —F
WNOKIAG S TR EXHEL TER &N BAREY, 25759, diffuser IR ERT 354
RO (P o b)) MERIRTHEYD, & SICEEREHSOETMA (entrainment) iZ 5 0
HEEAERSN S, COBKEAKETERCHERTAKERLLEY, LEAVCRERH LS
ELAOECIET, REOEARR TR OO KEROINESEF LY, CoRFOETTEHH
ELRREEESE L, KENEEZFHHE LT 5, ZEREVE Y 2 v FRPEOVES (Run 2) 34
Pt - THAHHE XN, Stommel (1949) AV FHREEI & GERER B T Epidmd (H
5o —HEIBERL EE, WEOLE Y1y bELAEHACES (Run3, 4), Y. Mtk
A momentum input IT2BMNICHNEFESHEOK 5 TRE L, EEOFE L Zmomentum
OREHKE <, BRBOFHCE L TEHERATEL L, /5154 547 Stommel (1949) 47
WA FHEERH L B3ROty - v EFEE Lty — B o3, Zhit Stommel (1949) @
BOMHDEEEE L TR0 ADOURORETH S, LOAERAThIETERET - /-
W. Head = 50 ~ 65 em DIIRIC B TIH 6 /- Fod v 9 — i3, Stommel (1949) % R fo iR
RHcd - THRARERASNTVELEL S,

Q L 2L
L=30.ccsn H=30.ccwy DT=0.010 secs

V0= 1.000 cmrsecy VP=0.000 cmssecy MAX V=0.318 ccmrsecy

K 5 Stommel (1949) KX 05X SNAMREHRICED Cfihm Sy —v
Fig. 5 Flow pattern based on a stream function given by Stommel (1949)

2 -2 O luteus ORHAIE

EEARD 5 b UTE S SBEMEE TAA — b 7 L — 7 TESE L, £/2 1% B THENI
0. luteus %5596 L, SEXMEDEH3 8.3 % 10%cells/m1 i5E L PS¢ 9BR % 1T »72 Run3, Run 4
EEBOEGRICECTER S NAMFERTO 0. luteus D ATIRMEABERE Ll % T - 72
6,
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9 0. luteus © EHBEEE & SBE TR ASEET 2 XBO LA (ALD KBRSy F
BRONE, &SEBEHRBOPLERCE O. luteus O L ~DBHGERE & FHBEELSIZIZ D
BoTVE, WbWws “REHREN" KHER Y FMR LN 5, <O &3 Hutchinson (1967) A5
RELUAELEHT 7 v 0+ »OMHERTTORMR (K2 -D) S L (RUBT EHHBLE,

3. O lutens O FH BB TCOMBOYMBEL I 2L ~-2a v

AIEHCHE WG ORISR LD, diffuser H SOTHNCL DI A N tikiBr &R 2+
Tk LT, Stommel (1949} B35 2 7 MIRRE A B LA ELRE LTHY, FohToEt
b2 O luteus DEBEEF (LT B &icky, WETHEGIL O luteus DDTHEED B
WL A 3,
KSR ESUEERICENT, KELE2 L, PEHMHOES % L OfiEodRicsnT,
$OEL L] & AR V, & R o i, AT LD IRD L 95 A 5413 (Stommel, 1949).

1,!r=1ﬁosin—z x-sin%Z (3-1>

LT ¢ =V,L/x

O. luteus (3RE_EFWKEE V, 5500 M -T 0. luteus OEHEARFLMOHE dx/dt
RENOEOEEUICE LS, BEAROEE d2/d 3FnOBoME Wit 0. luteus © 5 il
HOREE V, ZMAfbDIKEFELY, $HbB

ax _ . _ Oy __ VL T T (3-2)
W_U_ 5z HsmLx cost

dz ayr x T ~
W:W+VP=W+ VP=V0C05—LI'SIH-E-Z+ Ve (3-3)

(3-2), (3-3)RK&bH O lureus OEBKI

I N
dz iCOSL an v,
L

T

T
sin— X+ cos— 2
L H

BAWNHRAOEL L TRES NS, SHIRROEHITERTREERT S,

(3-4)

¥ = =
TL
7 ==
T H
_ Y
¢_Va
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K 6 0. luteus OFER s — v
Fig. 6  Accumulation patterns of 0. luteus
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B

(3-—4) KFmp X HumHERcgmand,

d2=_cosﬁXsinrrZ + o (3-5)
dx sintX cosnZ : 3

L7z - T O. luteus ORPRERH DT L35 2 — S 3MRITLE ¢ = V,/V, DATHBT &8
bid o CCTHRAMENRE V,O8E I PULBEE£HOTAETSH 5. 0. luteus DEEMkE
BV, BETOL S ERWICRH A,

m& H=30cm, B=05cm, BXD=3cm XV AH—HE5 4 FRUZEE T O luteus % —
BiCamEes 2x10%cells/ml), $HOAZBETHAL, LHH L0 BE30001x) %
HZ, ZBBTIHCELY TN r&ITO, BB TOH 0. luteus OEEEOHEAE{E 7o v b
LEDMRTTHSE, &L O luteus BBRFE L —EHEETLERT 25 RBTOD O, lureus
OEEH O LIERAICHED L 2%, B, TEFHETLIRLTTHEE, Lk UFEBIC
it random 7LEBEITY, KOMESME B TR L, O lureus HEIT L B self-shading D)
Ehisby, RETOHBMHIER IO T THENT . SORBRIDEEOKREVELE
O. tuteus ORMTOEMMERRE CEFREGH S ERBESOMEL LTEZ0N0D) KEL
7o ¥ bloconvection MRERKREL (EL - HE, 1981), TOLHEEO 0. luteus O A IIE
BEIIEERER L LB E A A RPETR T, Lk LEDOKE O lureus DR EEERBICEK
Be b, LI -TZOBEREM I, 26 -TEREICE LABELERL, O luteus DK
HEEARO L SICRD I,

v, =4 (3-6)

[

x10" Cells /mt
1001

P

50+

t
T 2 3 4 5 6mn

K 7 FE/TO O. luteus OBGH OB

Fig. 7 Temporal variation of cell numbers of 0. luteus at the surface
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CCTHBEMSEH =30cm, {, = 4min &9 O. luteus DIEEEHEE V, d 4.5 mhEiis,
BBER T, O ureus ABRROBEAHOBEELERSD, TOC -7 OBBERA & - T
HkEEERBY, 1.0 ~15m/h 28 T0a (&S, 1981, LA LMHE T 5~10m T BE
HEEETORE L O, HAvER cEaREodBrE{SFuoTED, O luteus DEFE ST
D=2 OREEEIIET L 0. uteus BHROHIE S —H LAV, BEELORD S hilk
WHRE Vyid, WHRRERLGICEHTTD 0. teus BE O IR EELBRE -2 b0 T,
DERICE DG SN PEEGEE S O TERRILR ¢ = V,/V, 2518 L1

Run3 MBS ¢ =012, Rund OBE ¢=04 L4556, choEEH0T (3 -5) X%
BT 0. luteus DEMARD A LESOL SIS o5, M8 L oEMCECTHERT 58
EROHEITE, Stommel (1949) Kk ~TERE At 75 v 7 b YT OPEND &t e,
TR E PTG AAHEATER AN A T Eabhmb, XS TEAEBEAD DY EE
OB ERRIERICEEL, FCTRERICEEIBREZY, KHORBINEBICERT S,
B 6ELKBELESTL L, Cofiie T v, ERETE SO O luteus DS L SRAL

FLOTATION Z
REGION -

(@) ¢=0.1,Run 3

A

FLOTATION
REGION

" () 6=04,Run 4

B 8 HHyIal—vavrieXDEoht O luteus DELEF
Fig. 8 The trajectories of 0. luteus obtained by numerical simutation
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TR EMhmsb, ESICERBTD O luteus DpHi 4 & - THDLE, BRENEHICTCR
(streaks) {, ZIAMHFB/Rr— 1D 2EDEIOBBTEFTLTIA TV A HE (FIZER I 1)
3, BEXHAR S EN ML S ORI OEERARL - TOARETZHR TEH S C &AM L
7o

4 B =

Langmuir circulation £ & A#E MK 4, diffuseric & D RN IcRE S EBBNT, §
%&ahmm%%%%ﬁLu%ﬂﬁﬁﬁ&%%ﬂw@&f(ﬁﬁﬂ&@ﬁﬁ@%m$D,amMm
SREEES LORBO TBEBORSFICERTHC LY, ENERBUHI I 2 v—v 3 ViC
&S THRIBE N, £ LT O luteus DRNREGEE, BRTEHe = V,/V, D35 4 -tk -
TOHRE DT & AR LT, _

BRI B0 TIAE A, OFFZER 2 7 — v OREWTAPFEICERSATE D, CORE TR
ORFEICLD, BERCEKEOT 7 2 bR, 20KE -EBESNAHELRIIT 5, 34
DE7T vy VROERRROHR — #4b0 B LUL20NY — ORREEATERSNS,

BSERIc 50575 v 7 b VBBEARR S LARIRKELTE, BRORENRRE 75 v
by ifEE OBy, 4 7Y v 7 oEME, SERRBICRECEELThAILERRL
Tid, BRLOKEHEEE 757 b vEBOBROMUEARBELL S LT 6lASNTENTSE
fobd, BHRECDBES v ¥ oA R L, HEOBICEIEE R+ $HRETH -/,
KROGRENFTE LY, 77 v 7 YEOELD D20 BHRES TR0 SE| O FEED
Fah, SHREKEEROAL ST, MENERNE GBANICIBINT 2 EPRETH AL BN
%,
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13. KEREBNEZNT B Olisthodiscus Tuteus DFERERIE BT AT
-— IR E B RMEREIC DT *

Study on the Mechanisms of Red Water Blooms by Olisthodiscus luteus at
Tanigawa Fishing Port, Osaka Bay —— Characteristics in QOccurence

of O. luteus and Its Diurnal Vertical Migration

K ghezmEs o R

Susumu YAMOCHI! | Tsuneyuki ABE! and Hisashi JOH!

g B

KEEEHEIC R o 5 BP0\ T & IE B RS R & RE MR Olisthodiscus luteus
O HBFHE & BRESEBEIIC DO THR L.

0. luteus O BEEN OEE)I Eurreptiells sp. @ BIFMESE & HL 4 20K L,
Skeletonema costatum & ORICIEMBKROETFIcHRMARNIZD OIS, Chd 3
FOEHINHEE 0. luteus 35 LT Eutreptiella sp. & 8. costatum & HEEFLIBE{GIC
BEBOHATHE LETRLT A,

HIBETEGEBIL 0. lteus 1320~30 A CHAINIC bloom % B ¢ 3 R
FRoN,

FREEAPIEDMERL, BMETH BT 2 LENSEEEY 20, Lo
LA TR O EEB) M O R - L X D BT L THET 5, B8
BEOEAR L Chlotophyll a HEDERE(LL A S 0. luteus D ERFEERD 5
E1.0~1.3m/h &5, COBEBEBEEKELESOBEENE~L 6.5 C,
5.7 % DFRETTHEHE S AT,

O. luteus 3R], 2.0 X 10° cells/ml Bl L o MIAEE THH 4 58 B OEBK
HAFREROBDOHE Lk, BBREMCEIERD GH LK ~OHDEIAET
S TWBEEL DN,

ARORFRBHBKICFSO, + THO £RMT 2 LWMESF L ML, i,
NaNQ,, KHFO,, &% 3 VS OBRMMGBINTIRNBEOBINAIES Shilh s/,

O. lutews DOHRMEBEH LS LA S HEs80E, B TAHCEYL
foBy, EHAEEOHERE « R IWCAAR S8 K OMB L % ERE Eks SBT3 &

* FRNO—EB 1980 EM B ARHESES (1980 4, HED) o CDEEER LA,
1. KERFKEZREE T 599-03 KEAFREEEPRETE 251501
Osaka Prefectural Fisheries Experimental Station, Misaki-cho, Sennan, Osaka Pref., 59903, Japan,
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Brran s,
0. luteus @ BEHEBEOREH % BRIRIERIC K - TRIE L 72,

Abstract

In order to obtain data concemning the characteristics in occurence and diurnal
vertical migration of Q. luteus, field surveys at Tanigawa fishing port, Osaka Bay and
culture experiments have been carried out,

Characteristics in change of phytoplankton assemlages in surface water from
Jun, to Oct., 1978 and from Fun. to Aug., 1979 are summarized as follows; popula-
tion density of O. luteus increased coincidently with that of Euglenomonad.,
Eutreptiella sp., while Skeletonema costatum and ©. Iuteus were almost never
abundant simultaneously, The most predominant organism O, Jurues was well de-
veloped periodically about 20—30 day intervals.

This red tide flagellata migrated to the surface water early in the morning at a
rate of 1.0—-1.3 m/h and migrated downward during the afternoon. 0. luteus more
than 2.0x 10> celis/ml were concentrated in the bottom water at night. The upward
and downward migrations were observed to begin before sunrise and sunset, indicat-
ing that migration is associated with a cellular periodicity called circadian rhythm,
Further evidence for such a periodicity was obtained by culture experiment of this
organism. O. luteus crossed a gradient of 6.5°C, 5.7%. during its diurnal vertical
migration.

On the other hand, iron enrichment enhanced remarkably the growth of O.
luteus more than nitrogen, phosphorus, vitamin, and other metals such as Co, Cu,
Mn, Mo, Zn in the water sample collected from its red tide. In Tanigawa fishing
port, it was supposed that iron was eluted from bottom sediment into water due to
decrease of oxygen contents.

From the result of these research, it is expected that the downward migration of
0. luteus positions it in iron-enriched water where it take up iron eluted from
bottom sediment in the dark. Concentration in surface water in daylight would
likely be advantage in providing more light for photosynthesis.

Dialysis culture in situ was also used to confirm the significance of vertical
migration in O, luteus,

FLHIC

LB S IR L CHIER D S B O R LB 7 7 ¥ 2 b v OXE & 28
L, F#EICES YRR L BAMRE LM THIT T 207, MO BIBER LRt o i
AHVSIRME B L Aot A OEBISED SiMREA 2 B8 2 BNERNTEAR SN

Thd,

MEOES, HREEIHEBBLES T 7 v 7 b v OEWRIIC > TIREMLITESE LN
AHE, 7777 b ORERMAAR SRR G LR 0 A BE S ic B 5
oo iy, HBECHNMRSLZEMLT 25D, ERELOZEMSBYEIOINNA & T A58

HED B,
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U7cdis » THRABBOBINICS /2 > TR B O BREHESIEE L2k, i « 519 L5l A i
BEERRICR O THRS S TEMANZ, AN & BT & DG MIEA G4 NITRE + 5 &4
Bk s,

LDk SIS T T RA R TH D . AR HHIR S B ABRA A T
W77 vy b R RRRICHE YT 5 C & Tk > THMAEDO BRI & £ OHER ORI 5 Hs
il :

RICHENTERLEBECSA L, Lib RS eHgRmE & LTHIoN T 2 HERO—H,
Olisthodiscus luteus (FEFI 5, 1979) k& H L, FEFREMIC R G 548 0 K THAERE & S
@£Mﬁ%m§mto ‘ - (

Wi, Xﬁﬁ%ﬁm&%i%wT&Cﬁﬁuﬁfﬁ%ﬁ%LJLWmM&mmMmu%ﬁ%fﬁ
HMUKICHERE L, cotaisvEsgst L,

AMHOEHRENIREMRER Olisthodiscus luteus OFEM: « i - MEEBEAF O hict 2 T
ETHLN, Aﬂﬁcnb*@@ﬁﬁb&Uﬁ%%@LTHbﬂtPE%¢M&LfOlmms®
B & B BRERT > THE Y B,

2. BELVICRBOFEK

21 HBiaEE . .
ﬂﬁu£CAWW§H%TiKLLO@M%ikﬁ%@%%CﬁﬁL K 3 meE - AR
%ﬂwnhm$ém%f5§o%WﬂiMWWmQﬂU%%@Lj%%K&%LTED,%@%ﬁ
PR HBI O o TR A S B ~DFA B D T8 FEHK 22 3 TR BT O B R
S, BIERCR Y & FABEM ST - HHBRMNERVCBEEHMO=E SRS D,
ORI ; 1978 B R 010, B TOFEE B H0 8 Bl TR 1 FEdlRBEOEK
MEA THEATEIOE D7 »TRFREEIN L fo, FARBESICERZICE SR, 77 v 2 b vHE
8T 1ml hofay 77 v+ KR E FEN OMREE flE L,

ot MM ; TOE S A16A A L2 A AR IS, AR L F LERIGE TR c BHD 5 2.5 m
& EAG LomE s BXVEH,S 0.5 mBOlE keIl L, #5752 b v, K Y,
PO,—P, NH;—-N, NO;+ NO; — N, Chlorophylla %% #5E L. 545, Bk & UEERIO
BRAK (T b AT O BRIC M Lo KRR TIRIE L, UESY, BRI, R 75 v o
¥, Chlorophylle HORBRIILIFOHETIT -7,
B a4 —sEROTHIE ERMEBET Sy M TS-E2 B
FBEM A~ FTFFAF IC L OME (Technicon Autoanalyzer [ B L, PO,—Pic3
WTi A Y 2 A DHRITEEC THERER TRIE Lise -
Chlorophylla; 7 b Yifili#SETHIT (5 —F —dOEREER 111 8D
Fip 75 7 b A RGBS & E R ik
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lzumisano Tanigawa fishing port

Kishiwada C. r/

Tanigawa

Qsaka Bay —————— — -_-L_

lzumisano harbor

e . sampiing point

1 KEBHIE, REFETOY Y7 ) v s

Fig. 1 Map showing the sampling stations in Tanigawa fishing port and [Zumisano
harbor, Osaka Bay

o EEETM ; * 7T9F B A28 626 B i TBEEMIZ1T » 72, K2 0.5 — 3.0 BRI T,
ERFEALIOME  EAS25MEB - EAS 1L5mE P EAS 0.5mBOHE B 2TER
L, 7kig, B4, Olisthodiscus ®HEEEE, NH,—N, NO; —-N, NO,—N, PO, —-P, #EE%

Chlorophyll ¢ , /KEMBBEEARIFE Lz BEEREESKPEEORGEIC 20 Tid Andrews &

George MBIAERRFET 15108 & H)IFEERKPREST TU-2BRFOBEEMER L. X,
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Olisthodiscus OHEBEEIC DUV TIHI2BFRILAMIC S H7K | m] PO T2 T Ltk -
TRtc, £ OAMOIAR M BEREEOHE: LFEETH 5,
A, B0FE6H168 £ 1TH I KIRBRIEFHEERO—& (Fh 440,000 m?, 7KEE6 ~12m, K1)
THE B ELEE 1T 5N B Olisthodiscus DR HIT DV T OB EEFEM L 7,

2.2 REERIUMBEESIMNSEER

BOEGB16H, XERBRFMEM (34° 28°00° N, 135°20°00°E) CHRE L 7= Olisthodiscus
Iuteus AR FE B 0K (0. Iureus 1.8 x10% cells/ml) 27 » + = v GF/CHEETHAL, 2~ 1
=R E L, 2@ v b o —wliEkil0mlE 27 ) o —RAFHBRE IR LRSS, vy 3
v, WEeRE, ¥ — MWESEEMNL, NaNO,, K;HPO,, Y% I v B, i3 ASP, sithic,
XFevZn+Mn-Co, U Cu-*Mo i2& % Pll metal & /2 metal HEHLL THEMEZIT -4, &
fo, BRSBTS Na, EDTA QOFRNMB R e viBFLLT 1 0 1 icii 3L 3/EL /2. K -
23y HMESE -+ v — M ESORENE, 5HBE 2 v ko -k TR HEEE LR Olistho-
discus luteus FTEHRTMCER Uz, EHEIZ20£1°C, 5000 1x, 12L 12D OKXHTFTERL,
EHEAREONBELEE 7 v /L ERT, B~ KR 2 L5380, BERBEKIFOD
Olisthodiscus luteus OHFaE I3 158 cells/ml TH -+,

3. 08B %

3.1 Olisthodiscus luteus @ LIS

311 RREICRT S O, lureus DiEIFERK

KRR B 0. luteus OFFEIFAIREAE 19748 55 180FE O THEB I 2 WT H LICEEL
oo ‘B oEBREICEA~7 HOKE LRI bloom 2R+ 3BEEET 52 L8503,
FERERORBKELENRE 4 19.4~30.7°C, 19.76~33.05% THbH, XEIL0EEY
WT@BRILE LR OREMERTH Do KREICFT 0. luteus 3G, FHFEORED
HEEn, XTAE - TOEDL ST 1 x10° cells/ml BlEoF HAREETHRET 0L, REN
R Tsv s vO—FEER 5,

3.1.2 BIHEAICRG 5 XEMOZHNHE

R 2 e BRI RG 228475 v 2 F v OBEREE T8FE4LA~10ABLU 794 6 A
~8 HoMic 20 TR Lo, BEDERTIE 0. luteus, Eutreptiella sp. Skeletonema costatum,
Thalassiosira sp. Nitzschia serigta, Leptocylindrus minimus, Chattonells sp. Prorocentrum micans, .
Gymnodinium nelsonii, Gyrodinium estuariale ¥i{UR, Gyrodinium sp., Cryptomonas sp., Crico-
sphaera roscoffensis, Oltmansiella sp. TH/NRMER 2 B L, FH6WOWMAT 5 v 7 b v D
blooming £33 ot ZOA, BIZNTEELSRETIER L0 0. luteus, Eutreptiella sp.,
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F1 REABTI1974~ 1980F i B4 L7z Olisthodiscus luteus i & 2 #78

Table | Summary of red water blooms by Olisthodiscus Iureus during 1974 and 1980
in Osaka Bay

Date Temperature and salinity of surface water Maximum density
Temp. C} Sal. (%) Ceils/ml
12. Jun. — 2. Jul,, 1974 226 -24.1 28.97 —33.05 >3 x10°
3 —17 Jun, 1975 20,7 - 22.7 29.09 — 3244 1.3 x10%
11, Jun., 1976 196 — 20.6 19.76 - 27.99 1.5 %10
12— 23. Jul,, 1976 270 - 289 2149 - 30.12 4.6 x 10°
23 - 30. Aug., 1976 29.5 - 30.7 19.86 — 27.87 1.2 %103
13 - 21, Jun., 1977 02 -219 27.60 - 3117 8.1 x10°
5—6.Jun, 1978 194 - 220 25.10 - 32.01 9.0 x 107
21. May, 1979 229 21.79 -
12 — 18. Jun., 1979 229 --244 25.33 - 32.81 2.5 x 104
10. Jun. — 1. Jul.,, 1980 205 -222 20.25 - 30.21 8.7 x10°

Chattonella sp., NEBEE (VO AR TH L, BbLEVEE THB L 0. Juteus & Eutreptiella
SP. K DWTIEETEA B, HEE R ORMFELRERY L, 7277, T8F0IREH S 0. luteus
6 HMSI0ACEM~KEC ) TR LS ADICH L, Butreptiella sp. i34 b5 7oK
~BHicei@gd 5758, EHFRCEENED SRS,

Skeletonema costatum, Thalassiosira sp. Nitzschia seriate S¥OEMBEOREER 7T Riclkh+ 5
A& B . % Ofth Gyrodintum estuariale 8 | Gyrodinium sp., Gymnodinium nelsonii, #<Ef
NIRRT —(1) Uk 2 ~3um) Fid 6 Aic, X Qltmannsiella sp. & AU/ NREEER —(2) (FE
5~6um) M7 RHIT, Cryptomonassp. 5 £ T Cricosphaera roscoffensis HOMEEHI 8 ik
ABEWMELTHEE LTS,

Ids, CTBEE < TOFEDEE], AMUETHRL TR AN Lic Chattonella sp. BTBED 7T H &
8 BTty & LTRE Lz, hENAMOMMER Prorocentrum micans ({KF40~50
am ) W79 6 H & T Hic 100 ~500 cells/ml DAERFHE THH L,

BG3iT . luteus, Eutreptiella sp., S. costatum DHEBEEOLEBIRNE LR d. S costatum {378
Fo6H3H, THASH~AASLUR A248IC, X'T794F 7T AI0E~268, 8 B13H~15HICH
FCHA 1 x10% cells/m Bl 408 Lz, FiC 7 B AT AIER BB TI0HLL F &
BAREPYPEEL T B, _

Eutreptiella sp. 3 X & LCHP~TMHACEBETS v 7 b vy THE, B, 6 A~TAZLEL
1 x10% cells/ml P LOMMasIGEL oo 077, BALIME2MMIKHBICHR L, ERWELIL
BAMEL, T OEBEERE Eutreptiella sp. BN Y v 2 B BB SR A O KE EHINC AT
TR EETHL TS,
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1978
Apr. | May Jun. Jul. Aug. | Sep. Oct.”

Species
Clisthodiscus luteus — — - —_ -
Eutreptiella sp. _ |— - —
Skeletonema costatum -_
Thalassiosira sp. . - -
Nitzschia seriata -
Chattonella sp. _ —
Gyrodinium estuarigle? —
Gymnodinium nelsonit +
Oltomannsiella sp. —_
Small flagellata — 1 -
1979
X Jun. Jul. Aug.
Species
Olisthodiscus luteus —_—-— —_
Eutreptiella sp. - T
Skeletonema costarum —_ —_—
Thalassiosira sp. -
Leptocylindrus minimus -
Prorocentrum micans — -
Gyrodinium sp. —_ -
Gyrodinium estuariale? -
Cryptomonas sp. —
Cricosphaera roscoffensis -
Small flagellata — 2 —_—

B 2 B coRMEmiE s £ 0o O R LN
(19785 4 A ~10H, 197946 H~8 A)

Fig.2 Red water organisms and their occured periods at Tanigawa fishing port
from April to October, 1978 and from June to August, 1979
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A 5. costatum 1978
0F )
LIRS WAVIVS
[
v N e ﬂ
i 2 w/ UU Eutreptiella sp. \j‘\ .
— 10 -
5 o0 AVAVa N
(3]
- 10 A . 2 " e N
o Jun, Jui, Aug, Sep. Ged,
s 1979
'E 104 | 5. costatum .
s Do -, it
2 F
AT ; 4
10} }\ : ﬂ ; N
E ; .-: m _."'.. _.'. B _.'. :'._ f\"‘{
2 \/’X U k 0. luteus j\( v
@ 10}
© N NA

z _\j L W*Eulrepﬁeua sp,
101

Jun. Jui, Aug.

3 BIETD Olisthodiscus luteus, Eutreptielln sp., Skeletonema costatumod i
£ (197856 A ~108, 19794 6 A~8 A

Fig.3 Abundance of Olisthodiscus luteus, Eutreptiells sp. and Skeletonema
costatum in surface water of Tanigawa fishing port from June to October,
1978 and from August, 1979

O. luteus 316 RICHIDTHFMENE LCHEA L%, BRICESL, DEsRbam Loy
FrorrELTRMT S, boomDESHAMHETEE ; 6 H3H, 7H208, 8A15H, 9A
11H, 10A2H, 79% ; 6 H3H, 6 H25H, 8HBHALETAHD, FiELHBEHENRETERE
P\]T"BEEEE"Jfiﬂ%lﬂiumﬁoﬂvwEFaﬁB%"GféﬂEﬁﬂfleéﬁiﬁﬁéﬁiﬁw“%%&ﬂfﬁ bh b, BAERBREHEEE
‘T9FE6 B 3 RIZBIE L7 5.6 x10%cells/m] Tdh -7,

Ch G 3BOMKOE LG, RRTEOHMEN SR L T S8EY 0. lureus & Eutre-
ptiella sp. THEDWXTL, O. lurteus & 8. costatum L FMAKOEESHER 52 5% 5,
TH 5 3O AEMIL, 0. luteus & Eutreptiella sp. ELRFI I IR LI WHIBEE T H
BOETT LT 0. luteus & 8. costatum FHEPINBEFRATIHAETH LA RIS,

3.1.3 BNt 5 TEEO 0L L R
19795F 8 A 16H A 525 H OB FEICH i A7Ki8 « 1557 + Chlorophylle FOME RGO HELE

Bl 4iRide KBEED B4 246~2817C, 31.75~33.20% oBHEHELL. 8A17~18
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£ _-28/ \KH
Eg-2sf T . . ; .
- 26
o 28 ag
[a]

L
6§
B-05F / - . . . . . . . 26,

1 1 L ] 1 1. L L] , l
17 19 71 23 25
Aug. 1979
Salinity (*es ) -
1 L
L —
0 ——7" -
L
T \32_0
- B-25} : :
£
[+3
L
[a] 3_1_5_ //——_/
330 H
B-05 : /
), 1 1 —1
23 25
Aug 1979
Chi-a (ug/l) .
£
~ B8-25F Q°°
£ _"
v -
O B-15} J
B-0S5
I3 A 1 1 1 1 1. I 1 I
17 19 2 23 25

Aug. 1979
4 #HllETokiE, H5 Chie BoBE{L (197948 A168 ~25H)

Fig. 4 Daily changes of temperatﬁre, salinity, and chlorophylle content in the
water of Tanigawa fishing port during 16 and 25, August, 1979
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HITh I TSRO A533% Bl kgL, PRk 2s’C UToRiRkEsE o5, L0
RS a)isss 150 mic 388 Lok - s ABBAIEE KR T LD o N, 1THDIGHE
HIEE TEES KBS BR LT ~ T3 (K5), B0 R c o TRIE TEE KB
ABRADEED—2TH S &b, BIHEAEKOES R ERBOETFRABRKOEN
OHEAREIBRTHEEELCRD, —H, Q00DRBICHIF 532 % LIT © E&F 57K 3E HO7
~ 09 B hrit TOMN (28EMT20mmORBZEH) Ki2ET 5,

Chlorophyll a #FEHS 10 g/l LA EAIR Lizodid 8 H16H, 20~22H «25E @ 3 [T H O HijE 4
S. costatum , HBZFEIR 0. luteus @ bloom ICFRT B, #EAKEOEAKZBRATHALIBHIE
i1 Chlorophylla B4 5 ug/l DIFICED LT V5e LA TIBHKBIERTR LN
S. costatum SWEFEE T AHME, 77 0 b YEERSNS OHBRA L OBARERICEOM
BEREEsEL L, ELAEDEELLND,

HAKhOMRERESE RIS (NH,—N - NO,+NO,—~N * PO,—P) ofESHOBELERG6RL
fo W PO, —P it 1.1 ~2.6 u#g—at/1, NO,+NO; —N A5 1.8~8.6 ug—at/l, XNH~Nid
1.6~ 138 ug—at/l OBETEBLI.

S. costatum HHRES16 B IR EEIBEASET L, HEKODINEE (RSB _EERO
) 1 3.4~55ng-at/l ERTIGAE LV, 0. luteus O bloom OHEIC H2B5H DERBKT

21(%) 26
23 28
() ’}.,‘f‘ A“"\_\m
5 Temp, P S 55
Jata il I =
,_—J'\_m/
A
P A,
£ . i ™
ez o N -1m 32 {%%)
T N Sal.{%s)
- I S NPT
=Tm i, B s e T
29 34
8 12 15 18 21y,

17. AUG. 1979

B 5 s TOKE, oot (197948 H17H)
Fig. 5 Continuous recording of temperature and salinity at Tower station on
August 17,1979

— 200 —




PO«-P (ugat/l)

[+:]
1
had
[T,

Depth {m)

mw
L
o

Aug. 1579
NOz+NO:-N (ugat/|) -
s
. ____'.—"_' ”
—— . —_—— . - —_— 6
E \'30/
Eg-25 . . : 4
< ~ 6.0
o 2.0 o
a B-15 . . 40
L 4.0—\/’\
B-0.5 : ) ’ : ' '
L
1 I 1 1 1 1 Fl 1 L (]
17 19 21 23 25
Aug 197¢

Cepth (m}

-B~05

X 6 #RNEOMKOMBESER, EREHOHZEL
Fig.6 Daily changes of inorganic bhosphorus and nitrogen in

the water of
Tanigawa fishing port
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NH,=N#3 5.0 ng—at/l BUTFCED LT 5, 7272, &F%EE T PO, —P » NO,+NO,—N « NH,
N RBREDRE U ~AREL, BAKEIEBERBECEATO AL S, T 0. luteus ®
HEREI T DBEDDEL S FBICAHTiZ NH, -NIEEBETHHL, BEFL~vh 104~

13.8 ug—at/l LRATHD,

TR o B RAE OHER 2B Tie % L, IR ERD S EBICE 5 4 OMaEE £ R E
BHLELOTHEL, I onhdl 50 S costatum % Tk + 2 EEBEEAIS~ 100 CEE L/
%, O. luteus, Eutreptiells, Cryptomonas L EDT 7 v 7 b »OBEEBESESENL TV, ¢h
5 3 EOMIEEIE23~2UBICETT 545, 0. luteus (T2 TII265 0 BIBSE O IMEARIICE U,
BRI s 2SR REER L, 2077 v 7 b vEEROAZ(LICR SN 5H8A 5 O, luteus
NOHERFIEE] 3 ik LA L EROFHENHEIC R 288 E ~8T D5, (DL DT, EAKDEA
A UT~18H) ik » TGRS & 0. luteus KR LTEYD, BB TINGRKLED
WKZZEDFRE T 7 v 7 b Y EROEIRN BB EERNICER LTV 5,

Aug. 1978 17 19 2 23 25
Ceilim
1t
5. costatum
19 \\
L —

200

Thalassiosira sp.

)
/

100
G. estuariale \

103

2x
Qlisthodiscus

3
luteus 1x10 /‘\
\._____ _/
80
Eutreptiella SPo /\
e / R
Cryptamonas sp'® Sl

B 7 19798 Al6HH»O2BHIEAF TOBETOMY T 5 v/ L v, 6HOER
HEL (B2OBOMREEEYy 7 v S4B TL SR EoFEEE
ERd.)

Fig. 7 Population density of six dominant species in the phytoplankton of
Tanigawa fishing port on August 16-25, 1979
Cell density of each species is shown in a mean value obtained from four different
layers at sampling station
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3.2 Olisthodiscus luteus A ERERE
3.2 1 |WHECHT S 0 luteus OREBES
0. luteus OMEEHFELSEIML, FEEEFICGIYET 5798 A25A 45280 KKAFTENI

BTERBREEBE L. coBokii, 55, BERERORINELEX 8 TR Lz, Kii&iE
33 25.0~27.1 °C, 32.75~33.17 % OFEH = &2 H\H LTV, 0 HE OHEZ{LEDE
, KBORBEEMSRKTL2C, HADEHIZ0.21 B C BE WO, —F, BEBESOEIE
{bT290UdCESBREROBEL S0 FERAGREIRE S S oot L, BiRBaEc
BIfIEEASEAL L, BEAS CEBKCELIECI0BETRA L3R, BERNED R/ M
20 DEBARICHT 2368 TH L. RIHETHER, BERZEBOETHELL, o8I0
B (26R, 09K OMERINEICE TRATH S,

943 NH,~N. NO;-N, NO;—N, #05ic PO,—P OBIZELEH L7 D TH b, Mh 55
5 & D ICEREERTENH,~N OBEEHAF LODICK LT, NO,—N % NO;—N {354 0.8
~1.4ug-at/l. 2.0~4.4 pg—at/] OEE LV L, MOEBHDE, 258 016~198
H L T26E 006 ~ 09K icid NH,—N A 4.0 sg—at/1 BIF@RL LT3, PO,—P B 056~
1.88 ng—at/l OREEEHB L, 250015303 TREGROBEEAKS - THATH B,

BA10i O, lureus #B3REL, Chlorophylla, KAEEOEEE(LERT, 0. luteus OBEBEE
& Chlorophylle EEDEE NG 0. utews EHS, EFKICERL, BRIGEBRTCES <
LT Ehaghs. EEO LFAKIGHIFAEE AL 100 cells/ml,  Chlorophyll o #2E T10 2g/1 LUFiC
BhAWLT s, EEEEOEAREE Chlorophyll ¢ BIEEDEAE LD & 0. luteus DFEF Lg%k
$HE, L0~13mh 4B, CORLBAFRENIMOLBBECRALTED, D
0. luteus DETICATT AEBKOBE LVIBEFORMBRELT (< 1ix) ThHi,

—h, #EHLoEB~OBRTLEERUAIICEE ~TE0, THEZER0.2~03mh cFELDE
NPT T3,

DL 0. luteus DHEBEHII AR B ORBE LUHACEL > THBEFATH R &0,
AHEOBRL - TREOFEETIC OOTRAKEBOELE I THL, BHdEHHE5 ¢ 5 Rhythm
HEEZFELAHRER OO EMn D3,

3.2.2  HERLEFO8E K Eh

HcHEESED 0. luteus OBE ST DO TOREZEEREEATRS, Bl KBRS RIE
TRk MBS OKEB 4m, K1) T80E S H168 2381547 EBI17TH 09403 i Efi L #-o R
EHETIZ 0. luteus 1T L AKFHEIHI3AED SSEICRE LT, 2385155 O8AI T3
FEOMAEE AmBERONES, D8IV mBEIRLELT.4X10° 4.7 %107 cells/ml DFEEE
THELTOVS, £CAH, RO OE0DICE EERO SFER 3 kiFE 4 miBo B icEE
L, #@+Im-2m  BEUP4mBECTREA 8.4 x10°% 9.7 x10%, 1.4 x10°, 2.2 x10*cells/ml
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Profile of temperature, salinity, and dissolved oxygen obtained at 0.5-3.0 h
intervals for 17.5 h from Tanigawa fishing port on August 25-26, 1979
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Fig. 9  Profile of inorganic phosphorus and nitrogen obtained at 0.5-3.0 h intervals
for 17.5 h from Tanigawa fishing port on August 25-26, 1979
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Fig. 10 Vertical migration of Qlisthodiscus {uteus obtained at 0.5-3.0 h intervals for
17.5 h from Tanigawa fishing port on August 25-26, 1979
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Fig. 11 Vertical distributions of temperature, salinity, and Olistodiscus luteus at
Izumisano harbor, Osaka Bay on June, 1980
Data of left figure obtained at mid night (23:15) and those of the right in the next
morning (09:40), respectively.
o; number of cells in Q. luteus (cells/ml)
e; temperature (°C)
*; salinity (%o )

DR ETER Ui

RREE, WENCARS 4.7 x10° cells/m] OERHE THE L7z 6 mB & DKiES L UHAOHE
ik, 2385154 ; 6.6°C, 5.9 %, X 09BR409 T 65°C, 5.7% b RATH S,
CRLDHEDE 0. luteus DIMHMEKTED —M3TiE L 78B4 20 LT B ARNEBEH TS
LEDHRIND,

nE, MHEE S, KE4AmBRRO TERBEEORABEBE LTV 24, BE TSI
DEATEFL « THESIKES 752 bvd trap HELDL~7DTHSS,

3.3 O luteus bﬁﬁﬁ%ﬂﬂﬂ%ﬁ

0. luteus OFRFDFRLE LT 28RO REREL, (0. luteus 1.8 x10% cells/ml, €77 v~
7 b yHIstt A 0. luteus OHIFIEE TRSH0%) £ OMBBICKER - ©5 1 - IR -
F L — MPESERN L CAREORMESEELHE A~ 3 o - & LTHW BB KDOES -
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NHy—N » NO, —N * NO,—N e PO, —P BB &4, 24.0%, 19.1, 2.0, 5.2, 0.36 ug—at/l
THh -7

RBon N ERIZIER Lice SiTHI#EE 3FIEHETHR LTSS,

BlrostipbL sy ba— gk (E@HK) ICN-P-s 3 /8 EDTASERMLTC
LIBROBMEED S, —FF, 2 v b o —iEzkic PI metal %002 5 & MA8aAHS 1 % 10°
celis/ml FTHM LA, % 2T Pl metal 285k4 % FeSO, » TH,0, ZnS04 + TH,O, MnCl, -
4H;0, Co50, * TH, 0% &, CuSO, * 5H0 *Nay MoO, « 2H,0 #8 4 Pllmetal 8 L 05 /2
metal (TR BEEEE L LCHMICEMUCAKEC A, PII metal #5000 0 (¥ 55 4810 %
FeSO, « THODEMTHA D C LA L, M, 2 v bo —vikic8EmMbiL 5 &,
O. luteus FIEOE L NGBS SN, THhODEEID O luteus 1T & - THEKB O
MERFRYEEN, PEORBHEETREL, BThH50 L, BURABICLAFRMORE « LAiC
BELTRBRC RO 2O FEN EE RN ET CLERLTH S,

4 E =
BNHETE O. lureus, Eutreptiells sp. I TNT 8. costatum %l & ¢ 5 EBEBIES DM cEIEN
NEOEBHARESNL, ChooBr LIF LEEsmE L. F¥e LTBL 7,

3 4

10 10 10 Yield cell/mi

Control :

+ NaNO2z ]

+ K2HPOa E—— '

+Vitamin B . .

+Vitamin mixg}

+ P I metal T . —l '

+Fe  EDTA : ; =

+Zn EDTA —

+Mn EDTA
+Co, EDTA ————

+ Cu.EDTA P

+Mo,EDTA P

+EDTA [ : : :

B 12 HEFEEEERLLLEKETO Olisthodiscus luteus DB

Fig. 12 Yield of Olisthodiscus luteus in seawater enriched with various nutrients
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HBNETRRLUAEEL, BRTOEMREORMIIEICHRLON, s bBATREL
TG vy b BRI ORBICHCERICIRA Lo LIBRT 2005 KR LTa K,

& 24T - TREDKIRERH IR S EFINETT 27+ v ERT . SRR L
HINHE &0 GBS IC—B g 2584, DINBORMBEIEALSHE L LN D
iEf L, ﬁ%ﬁ@EE%fﬂﬁﬁfﬁﬁf&ﬂ@i} HNERNOFRMBAMCIBICHRE « BigLsELLHT
EWTE D,

T2 M2 D SENOFBEMLBAENEOSESE O HBARS ZE %3 20,
3. costatum *+ Thalassiosira sp. * Nitzschio seriata + Leptocylindrus minimus 13 & 0 B8, B L 0¥
Chattonella sp. « Gyrodinium estuariale 3i{J B + Prorocentrum micans * Cricosphaera roscoffensis
MEDMERTH 50—, M CHFHEETS L ERIIROHEIODE 0. luteus * Eutreptiella sp., -
Gymnodinium nelsonii « Gitmannsielia sp. « Gyrodinium sp. * Crypromonas sp. * AIAHIE R 2 /&
EiA, (AL, BHETISFEA LElsk U""."('gﬁ S H1IGEIICBE L 42 0. luteus & bloom &R < )

Lichs » TR 4 70l 75 » 7 b vid 0. luteus * Eutreptiella sp. * Gymnodinium
nelsonii * Oltmannsiella sp. » Gyrodinium sp. * Cryptomonas sp. « A HER 2HoOBTHD
ZOMD 77 V7 bk BHREIREA D S OBEELIFEOMAI L » TR BRI RBIKE
T2 Lica]fgbhisgu,

—75 . EESOABFE A ICEE LR (R3) »o, M OBREERAEN Y 58
Hi 0. luteus & Eutreptiella sp. , XM OLET AR T 28I 0. luteus £ S, costatum
THHET LML, COMBIFEFFHTEEORALL K T) RO TLED L/,

CNSOHEEMS, MICHENMBERNO TS » 7 2 v Th b Q. luteus & Eutreptiella sp. &id Mt
AWNCHIFTRE L ERIBMR R DTkt L, HACHRAESEZT ¢ 5 S costatum & 0. luteus
ERENMERCEARAHTELC LA S, COXITHNBTHET I v b vOFdk - 1y
FEIC o DRI OME AN TOERIRFRIC KB S h, BESEOER CBELRIL TS,

0. luteus & S, costatum & DEFAMBICOOTIE Pratt (1966) A% 0. luteus #» SRB & 417
S. costatum OFHMMFMHEOEELEHL T 5, XA Q977 RMEEHRD | & Prorocen-
trum micans HEBOLELZMAEST IMEEZ AW L, COMEESHTRESLOEBRINT, 4
—F = THRBICE ~TRETHCEFMEL T 5,

fofl, RRREBIERL, HMBER~NBETS 0. luteus EEEAFFT, BBFEIITE L
W S, costatum & DRSS ENAEROEESRE/Z S TR EFCRBTEL Y, Hig, 0. luteus
OIHEIC L5 S, costatum OEMFMEILRIT N o FREBZCHOCIEFLEHE (> 1.0 x10°
cells/ml ) KWARZRE LABROMGHEATOARH ONTED,  OBEESET BN TR
R LI W L O MY CoicB LT, 19794 8 B 16 ~25 1 o Kl BRI S 13 B
WHESRBLTLETALL D, BB, S costetum FFAE T AEBMEELD O, luteus ~DERE
75 v b YEIFRON SO SERIK E DiFREHRICH » THE LT0 5, AlERKDHEA LS
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# 2 plsErmETOESRE (J978ES B~ 98, 1979 s A~8 H)
Table 2 Predominant organisms in the region near by Tanigawa fishing port, South-
eastern part of Osaka Bay from May to September, 1978 and from May to

Avuvgust, 1979

Maximum Maximum_|
1978 Dominant organism density 1979 Dominant organism density
{cell/ml) (cell/ml)
May 8 Gyrodinium estuariale? May 1823 | Skeletonema costatum 5.3x102
Chaetoceras curviselus 4.0 x10%
23 | Gyrodinium estuarigle? Asteromonas sp. 2.4 %103
Asteromonas sp. Fucampie roodiacas
Eutreptiella sp. Prorocenitrum minimum
29 Gyrodinium estuarigle? * 29 Prorocentrum minimum
FProrocentrum minimum Skeletonema costatum
Gyrodinium estuariale?
Jun. 2 Olisthodiscus luteus*
Gyrodinium estuarigle? * Jun. 6 Gyrodinium estuariale? =
Skeletonema costatum Rhizosolenia delicatula
Prorocentrum micans
5 | Skeletonema costatum 24 x102
Olisthodiscus luteus 300 12 | Olistodiscus futeus +
Thalassiosira sp.
12 | Thalassiosira sp. 4.0x 10°? Prorocenttrum micans
Skeletonema costatum
27 | Prorocentrum triestinum 240
18 | Thalassiosira sp. 5.0 x 10°
Jul. 3 | Skeletonema costatum 3.2 x103 Skeletonema costatum 3.0x10°
Nitzschia seriata » 26x10? Olistodiscus luteus * 480
Thalassiosira sp. * 2.5 x10° Listodesmium sp. 140
FProrocentrum micans «
10 | Thalassiosira sp. * 1.1 x 10*
Skeletonema costatum * Jul 9 Prorocentrum micans x 2.6 x 103
Prorocentrum minimum Skeletonema costatum * 3.5 x 10
Eutreptiella sp. Chatoceros decipiens 1.9 x 10?
17 | Mesodinium rubrum 220 19 | Skeletonema costatum » 3.0 x 1097
Thalassiosira sp. * 1.2 x10°
Jul. 24 Chattonell sp. * 1.3x10°
— Augl7 ’ ’ 30 Chattonella sp. 34
Rhizosolenia delicatula 110
Aug. 21 Skeletonema costatum
Thalassiosira sp. Aug. 6 | Leptocylindrus minimus % | 6.4 x 10*
Rhizaosolenia delicatula 200 _l
Sep. 9-13 | Thalassiosira sp. 4.2 x 103
Skeletonema costatum 830 13 Cricosphaera roscoffensis«{ 9.0 x 10°*
Skeletorema costatum = | 9.1 x 103
20 | Skeletonema costatum Prorocentrum trigstinum 1.7 x10°
Rhizosolenia delicatula Thalassiosila sp. 1.1 x10?
. Prorocentrum minimum 400 .
26 | Cricosphaera roscoffensis | 1.6x10°
Skeletonema costatum 1.7 %103 20 | Chattonelia sp. T 6.8 x10°
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NBCRHTE7 7V 7 b vEECHASEERESRE LB ENTE A,

AT, KRB THESOECEERIZE Chlorophylle BEAE, 77 v 7 F VHERS
K& (H5, 1978) Cokzo77 77 F YEERII LI LY S costatum Zd0 & 2 EH#EE
EhoEREN, FEIARABRKOBERLEI SO TS (KES, 1978). X, BIIHEICh:
T S, costarum 15 E OEERIC & 2RI RN A U R R BRI SR RS SR IR & —
L (REG, 1979), BEAEZKOREN T EENERSN, CNOSOEREZLHESL,
TIES HIGH KB L S, costatum iz & 2 RERIS B OIMICGIVCENBICRA S 5 £ TRMBXUIHM
DERICER LI-EMBETH S I&%‘i 5D, Lid-T, 20O S costatum OB IS
BEOEFHHMEOZNIGLVIRETS -7 THEN B,

BT T o h OB S LT, EERCE LS LORERIRICHEE LSS, F
HoE X Nl OBz 8 L L b S8E (i s,

D& H R Tl i & » TN TOBEREESET 35 &g, e 8RR
gansd Lo, S costatum OMEBEALEENME L OBEMBSCAHTLEIITHEAS I

Hiz, ¥ (1982) oFEBRERCLINTEZS S costarum O L ISHIRTHEYAE . B
NEED & 5 EAE I milk TRBORREENHEHE TR, #kiEcE L, LEDKEN S cos-
tatum FENEE LEOEFEL OGN L, DL S S costatum DAL - AR & BN R
i AAROREEECES L TS Dh b,

PUEDZ EnoBINBETO S costatum FEIOBBCBELTE, £E0EMNLL <1+ R ERE
(HF - M) SOk - BREBOBMEE S OMBNIREBLPHECE(MRTLLE
AZbild,

HINBTEOGFHOREEENSE G O, luteus DT - EEAEHEICERH L TAL 9,

O. luteus FEE « FXEAEO KRBT (Tomas, 1978) TEHEBERBIZER L, BEITA~
BE#t+ s, CORASHEBBIIKEEMNME6.5°C, EATET SORBEELHTAKBICHNTS
BEsh, MW7 7 v 2 F YORBEEMICSVWTREEOREHERTHESATVWS (RS
1977 ; &H, 1957) hi, ZONBFERD | 8 Cachoniz niei 13 1 ~2m/h O #HE TEHBEIH T
W, A5 COKRERAZERSEFE L DEBTS (Eppley et al, 1968; Kamykowski and
Zentara, 1977}, O. luteus o BB LN 12 T D Cachonina niei DIFENEES)ICILFE L T 5,

Wi, O luteus OFFBARGENOIBERICHEMELARE, FHOMEEE L EHELL.
$:OIMREREDRIC O TIE Olisthodiscus ¢ Synonym &EZ 1TV 5 Heterosigma [T20T
A (1974) bHELTH 3, COBROHMMERESNRI, O. ureus T DARMIOFEE « TAITE
L, BH CEESHRNERLT LB/ E5,

—SEic R FOSBTRE AL D EBRICAECEEST S (RS, 1974), X, BERKKEEE
{bd 3 LEROERB GBS 5, b 300 2 M@ s TR T 2888 (R L,
1975) HHIGH TV B, BB ROT 0, luteus DFRBERICE - £ TOFEBH25~26H HEERK
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P OBEFANEIREC, 2582005330 F DA TICBF LV, LA »T, ERKORBEIC
FEIRBAOE PRANDBROBEMET - TR EFBLTORERTHAL,

COBEHBRRERRIERE FICRBE4 5 KEF, KRER) 0. luteus OERERME & b0, ARIR
EEHDRZFCARA RSSO REF L AABEREIC L - TTA~BH L%, EREEK
OB 3T EnEENG,

T, HAEREREE L~ uhs lREIE ORI T NH, —N BB OB LASRE T, 75 ¥ 7
Frick BWRDAAOEEL M U EEER 2R L (®9), O NH,-NEEORT
O. luteus DL L7 0BEFLIBE O ERAK TEF L, RERIHE S BE ~DB 0 ALER LT
Bo i, NH, N BEOE#AETICH LT NOy—N® NOy ~N 14— 0 L~ 1%
LT3, C@E@HCK‘.‘U SRR O luteus B IBOEMESLOBRETTIHS, NH—N %%
RN T A C LA TR LTS,

PlEDHE » ERFEEL G, BB S O uteus FHERE IR L L TEM, ERBICHE
G U BRI R RS SO WES BEA KR E B oAl AL i "Hdid g
BB L L TREREECRBBSER SRS,

2T, BRNEZRTORIABUYT A £ 3T O uteus AR L ICB T 5 ETHER
R Rk, RRHF) O—ERT.. CARBIET 0. lureus DFEASET 58, BUSO R
EWEEN bag IR A L. REBET, EBEE. N ARNEEScSE T, HREEEREH:
SIERE, XEBHRIIERL o RE~ADBNICEBISHAZE20 v — Tt 20 TR S H#
LB TE S, TOES, FEEY O tews RBRBICHASN TV 2 AERMENSF LR
HHTh, »oORBREOE S S SRERWR LR TORESRERLTCENTEL, &
D55y H B & 9 ICENT bag & O ESEEE) S € 7/08&iC, 0. lureus OFAfE%, SS, POC, PON
HOWMBRAEL D, BBCEE LABEREND 0. luteus FIXDEEOHIFRER & LTHEBL,
BREAMRHIENLOTHEAL D, COERLOCEONALRBETF L ABNEERS LS5 LOH
MEBEOEE GhEBH >RBET) 2, 0. luteus BEE O ECE L THRBEERBOTEM S
FETAHEDTHY, FEOMMEBRIC >V TORORBEARMEIICKELTV S,

ek, FREORLEME S LTRKHEORERSE T THOBZ ARGy 3 v - HE
DEFZoEEEME S PRt ah, chooWEzREKBSHTIFEMT 7 o0 b B
B 0iAte AREBMBENEC A EEZL OGN T B, FEstofEiRg & L ToORROBEERE
BRLELUHHESNSEHE CREFG, 1978) THb. 7277, O luteus @ L HICEEETOTEH
NBEATEIEWES ST HARBEN L, WMUEKATIRLMELBENT 521 THAEFHRELL,
g 3 —EORERRIIc OHREDZLMHBETTEDTH A Du

L AT, WD (1982) (R - EEERRICNT 0. uteus £ PHMOBETIHEL, &
g gic HEREXEE (PO,—P) ZEBERANOADC EFHS M Lz, CORBIERL
BG#E i R 2 AROHET) & h S, RIFKD OB ER B L~ abiEb L RO FIRER
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3 BN BT 26 5UEREIERE L 7OBITERTO Olisthodiscus luteus i 5l

Table 3 Growth of Olisthodiscus Iluteus in dialysis bags suspended for 26.5 hin the
water of Tanigawa fishing port on August 2122, 1980

Cell density!? -
o Censity SSz) (ppm) POCI) {mg/ml) PON!) {mg/ml)
{cells/ml)}
Initiak value 20724 8.0 £ 0.44 3.73 x 1072 5.44 x 107
Surface 35973 159+1.4 7.03x107? 9.10x 1074
26.5 h after
Bottom 23193 11.6 + 0.84 380 x10°? 6.71 x 1074
26.5 h after
Diurnal vertical migration 38369 19917 79 x107° 104 x 10
26.5 hafter

1J; Result is expressed as mean value of three samples
2); Result is expressed as mean vaiue and Standard Deviation of six samples

DHBEEICS, O lutews FEFBKDICES TN 2SEIRBELEE, BT &ltL»TH
EREOHE WA E AT ENELZ NS,

—7, 0. luteus FHD, ER~DERMSE LY, BEHEBOMBTEYNH 2.2 x10%ets/m! T
&H - BRI OHRAEE S ERBAHICE T & 4.2 X105 cells /ml EH20EBML T 5 (#EH - &
Frit, 1982) . COYREHRLFINBEICHO THREEEICE S BAREEOR/MI (J5.0% 10°
cells /ml, FMAK) & 2HHTEZ L7 51E, FEFAERO water column 35 /2 ) @ Limia%RE
BHLOELT 5, FARFERX, TORRIHBEMENSLT 7 o b s REHE TR Lk
LD EELDANETEH 77 LHOMEMR, 0. lureus DR o HBAICE BB L, B L
SASUMWEE TERTILED W LA BEAEE,

X, O lutews DEB~OERBZHONY 75 v o b vicdk - THBEOE A AEREO -
A+ ZAERE LTERTAETHA I, TDOE, O luteus & LEBMRITH A Eutreptiella spid IE O
EtET L, dhERECERS S G, 1969) REAER DO EFEBREL,

DiEDESR2G, RINBTROND 0. teus DFEMPIRBREE, FRE~OEREMNICE -
TRERAERINICIT 5 &, BRAERE~PE LHMCALESskE S oMBmE*BINTE 5
B L G, ARMBEBESENTHRCHBTE AL ERERNY 2RREELZONBELTHA
9,

FALEME LTHOERD TO 3 WESED HBEBH OXE L BHER S AT S T LR
BRERBERN T 2B L, BHTHEETRETHY, SRIOAHECRY 2HE - TRORE
WEENS,

.
KR AHED BICEEL, B & FEORME AR - 2 EL AT - FOLEFR LB L UED
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Oceanographic Factors Associated with Red Tide Outbreaks in Kesennuma Bay

EREZ - ED EABHERE &-bxR-5 3

Masataka WATANABE' | Makoto WATANABE! | Kunio KOHATA!,
Akira HARASHIMA! , Yasuo NAKAMURA! and Sakae MORI?

E B

AL, BREBALL, MY, RENLAB TS 25NIBEORtHEE
A198DIE 6 B ~11 HICdT -1,

SFedr B8 -EarcsdmogiEofEs, HEToBO~ofh, TET
DBE~DFENMEENCELET S, CcOLHulEEScEEsAT, DO, pH,
chi-e 3RBCHEL, BEBTEEV &V 5% —viRT, BREBTDDODE
Tie & BERGMISBIER T, BIEEMTH 5 NH,, POAHEEML, & 5iciks
SO EEELRBHESEL E -T, NHy & PO, BERBLEBICE L, dE
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BERT T MG I o7,

Abstract

A hydrographical and biogeochemical investigation was made in Kesennuma
Bay, a semi-closed and eutrophic bay, in June to November, 1980. Here red tide
outbreaks have been anually observed in July, August and September. During the
summer period, the vertical mixing was relatively weak owing to the strong stratifi-
cation in the bay. The density current (inflowing lower water and outflowing upper
water) was confirmed to exist by the hydrographical data. Concentration of DO, pH
and Chlu were higher in the upper layer. NH3-N and PQ,4-P concentrations had a

I BEuxaFehis KELEEET T 305 RSEHES MRy
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. HAbARZE BEE T 980 A TWIREREE 1O ]
Faculty of Agriculture, Tohoku University, Amamiya, Sendai, Miyagi 980, Japan.
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minimum in the middle layer reflecting both the polluted waste discharge in the
surface layer and the ellutions from the bottom muds due to anaerobic decomposi-
tion, while NO3-N and NQO,-N concentrations, which are not endproducts of anaer-
obic decomposition, were higher in the upper layer. From October on, biological
and chemical characteristics were vertically uniform because of intense mixing by
unstable density stratification. It was found that the characteristics of distribution
of nutrients, DO, pH and Chlw were controlled by the hydraulic structure in
Kesennuma Bay.
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Appendix-1
Vertically two dimensional distribution of
temperature, salinity, DO, PH, Chlw, T.F., PO,-P, DTP

Upper figure © Eastern Bay
Lower figure : Western Bay
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W7 5 v b (x10% cells/1 ), 1980.6.27

1-0

1-2.5

1-5

1-B

2-0

2-2.5

2-5

3-0

3-2.5

6-0

Bacillariophyceae
Bacteriostrum sp.
Chaetoceros curvisetus
C. didymus var. anglica
C. difficile
C. laciniosus
C. pelagicus
C. perpusillum
C. pseudocrinitus
C. radicans
C. socialis
C. tortissimum
C. sp.
Coscinodiscus sp.

Diatoma sp.

Hyalodiscus stelliger
Leprocylindrus minimus
Nitzschia closterium
Rhizosolenia flagilissima
Skeletonema costatum
Thalassiosira angusta-lineata
T. sp.

Dinophyceae
Heterocapsa triquetra
Peridinium trochoideum
P. sp.

Chlorophyceae
Chlamydomonas sp.
Polyblepharidaceae
unknown flagellata

Fuglenophyceae
Euglena sp.

Eutrepriella sp.

1.3

———
o wni

33.0

1.0
40.5

0.3

1.5

1.5

3.5

3.0

0.3

3.0

0.3
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2.5
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0.1

0.1

0.1
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0.1

5.0

35
1.0

4.5

3.0

28.0

1.0

3.5

1.0

bt
o

20.0

2.0

0.1

03

3.5

10.0

1.5
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0.5

4.5
1.0
0.3

2235

1.0
0.3

0.5
5.5

9.0

0.5

1.5

0.4

1.5

7.0

1.0

3.0
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2.0

8.0
3.0
11.0
5.0
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1.0
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W75 2 b (X10° cells/}), 1980.7.9
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1-8 1.2.5 1-5 1-B 2-8 2-2.5 I 2-5 { 2-B T 3-0 ] 6-0

Bacillgriophyceae T

Chaetoceros brevis . 1.8

C. decipience ‘ 1.3 0.6

C. didymus 4.0 1.5 0.8 1.3 0.5 .2 4.0

C. gracile ' 0.3

C. pelagicus 4.5 180

C. perpusillum 2.5 5.5

C. pseudocrinitus 5.0 2.0 4.5

C. radicans 2.0

C. sp. 8.0 3.5 3.3 1.0 7.5 2.0 35

Coscinodiscus sp. 0.2

Cymbella sp. 1.5

Leprocylindrus minimus 2.5 2.5 6.5

Nitzschia seriata 0.5

Skeletonema costatum 15.0 21.0 5.0 0.3 11.5 330 16.5 22.0 14.0 13.5

Thalassiosirg angusta-lineata 0.3 1.0 55 2.5 2.0 0.5 1.0 1.5 0.3
Dinophyceae

Hererocapsa triquetra 2.0 2.5 0.5

Peridinium trochoideum 0.3 0.5

P. sp. 0.8 0.5 0.2

Prorocentrum triestinum 0.1
Chlorophyceae .

Polyblephar-idaceae 21.5 1.0 0.5 5.0 1.5 0.5 0.5

unknown flagellata 11.0 9.0 5.5 1.5 8.0 2.5 1.5 4.5 0.5 3.0
Euglenophycege

Euglena sp. 0.1 a.5

Eutreptia sp. 0.3 0.5

Eutreptiella sp. 0.3 2.5 0.3




—£82 —

W77 o kv (%108 cells/1), 1980.7.24

Phytoplankton 1-0 i-2.5 I-5 I-B 2-0 2-2.5 2-5 2-B 3-0 6-0

Bacillariophyceae
Chaetoceros pelagicus 1.5 21.5
C. perpusilum 5.0
C. socigle 22
C. sp. 0.5 a.5 1.2 1.5
Coccaneis sp. 0.5
Coscinodiscus sp. 0.1
Leptocylindrus danicus 14.0 558
L. minimus 0.2 0.5
Navicula sp. 0.3
Nitzschia sp. 0.1
Pleurosigma affine 0.3
Skeletonema costatum 93.5 63.5 47.0 4.0 203.0 310.0 56.0 6.1 294.0 23.5
Dinophyceae
Dinophysis sp. 0.2
Heterocapsa triquetrg 0.2 0.2
Peridinium minusculum 0.3 0.2 0.6 0.1 0.3 0.3
P. oceanicum 0.5
P. trochoideum 0.4 1.0
P sp. 0.5 0.2 0.3
FProrocentrum triestinum 0.5
Chlorophyceae
unknown flagellata 0.9 1.0 0.6 0.2 3.0
Polyblepharidaceae 1.5
Euglenophyceae
Euglena sp. 0.5 ' 2.2 0.8 0.4 0.1 1.5 0.5




W7 I o b (108 cells/1), 1980.8.10

— ¥8g —

Phytoplankton 1-0 1-2.5 1-5 1-B 2-0 2-2.5 3-0 4-0 5-0 6-0

Bacillariophyceae
Bacteriastrum hyalinum 0.4
Chaetoceros boreale 0.3
C. curvisetus 0.6 0.6 0.6 0.7 0.8 1.2
C. decipiens 03 0.8 .
C. distans 0.15 04 0.2
C. pelagicus 0.7 0.3 3.4 2.5 1.7
C. perpusilum 0.6 1.0 0.6 1.2
C. sp. 0.8 0.2 0.2
Diatoma hyalina 0.1 0.1
Eucampia zoodiacus 0.5 0.2
Hemiaulus hauckii 0.2
Navicula sp. 0.2
Nirzschia sp. 0.08
Rhizosolenia flagilissima 0.4 0.3
Skeletonema costatum 12.9 18.5 5.2 3.95 34.0 353 14.0 8.4 1.8 46.0
Thalussiosira angusta-lineata 0.3
T. decipiens 0.4

Dinophyceae
Dinophysis forthii 0.08
Gonyaulux sp. 0.1
Peridinium trochoideum 0.2 0.1
P. sp. 0.1
Prorocentrum micans 0.08
P. triestinum 0.8 0.1 1.8 0.4 0.1

Chlorophyceae
unknown flagellata 1.1 1.8 0.3 0.9 0.2 1.4 0.4 Q0.7

Euglenophyceae
Euglena sp. 0.6 0.1 0.6 0.1
Eutreptia sp. 0.2
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W72 v o b (x10°% cells/1), 1980.8.22

1-0

1-2.5

1-B

2-0

2-2.5

2-5

2-B

Bacillariophyceae
Leptocylindrus minimus
Nitzschia closterium
N. seriata
Rhizosclenia flagilissima
Skeletonema costatum

Dinophyceae

Dinophysis fortii
Gonyaulux catenatum
Peridinium minusculum
Prorocentrum triestinum

Chlorophyceae

Pyraminomas sp.

unknown flagellata

Euglenophyceae

Eutreptiella sp.

121.5

1.0

6.0

15.0
1.5

125.0

0.8

72.5

0.5

3.0

1.0

2.0

54.0

15.0
11.0

0.5

3.0

2.0
91.5

0.3

0.5
1.0

5.0

0.3

0.5

29.0

0.5

1.0

0.5

6.0

1.0
0.5

106.5

0.5

2.0

0.5

6-0

19.0

0.5

1.0
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W77 7 b v (X10° cells/1), 1980.9.7

{

Phytaplankton 1-0(F) 2-0(F) 3-(F) 6-0(F)

Bacillariophyceae

Chaetoceros pseudocrinitum 0.9

C. spp. 1.8 1.0

Leptocylindrus minimus 4.5 35 2.0

Skeletonema costatum 79.5 72.0 25.0 72.5
Chlorophyceae

Pyramimonas sp. 1.0

unknown flagellata 0.5 0.3 3.0
Euglenophyceae

Eutreptia sp. 6.0 0.5

(Cell number x 10% /1)
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77y by (X10° cells/1), 1980.9.29
Phytoplankton 1-0 1-2.5 1-5 2-0 2-2.5 2-4 3-0 6-0 7-0
Bacillariophyceae’
Chaetoceros curvisetus 04
C. pelagicus 2.1 0.2 2.1
C. sp. 0.8 0.3 0.1
Dactyliosolen mediterraneus 1.5 0.4
Dirtylum brightwellii 0.1
Fragilgria sp. 0.1
Leptoeylindrus danicus 2.0
Liemophora abbreviata 0.1
Navicula sp. 0.1 0.1 0.1
Nitzschia closterium 0.3 0.2
Skeletonema costatum 29.0 55 36.5 45.5 45.0 20.7 26.0 3.3 8.0
Stephanapyxis palmeriana 2.0 04
Thalassiosira anguste-lineata 0.3 0.2 0.4 0.2
T. decipience 0.2
T. pacifica 0.8 1.0 0.5
T. sp. 1.0
Dinophyceae
Gonyaulux sp. 1.5 0.5 1.5 0.1
Peridinium minisculum 0.5 0.1 0.1
P. roseum 0.1
Prorocentrum triestinum 1.3 1.5 0.1 0.1 0.1
Chlorophyceae
Pyramimonas sp. 28.5 8.0 15.0 0.6 0.3 0.1 0.8
unknown flagellata 1.0 0.5 0.5 0.3 0.3 0.1 0.1 0.3
(Cell number x 10% /)
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Determination of Algal Growth Potential on Sea Water Using Red Tide Organisms

n RAMEE s AR AR B Fruga°

' Osami YAGI' , Ryuichi SUDO' , Tsutomu IMAOKA? and Seiji TERANISHI?

E B

SEE DR R OBEE LD BEHES (AGP) % Chattonella antiqua, Heterosigma sp.
1 G UNT Skeletonema costatum DFREE P EF O THGE L fro TH SO LT
20°C, 4,000 Ix, BB KA DRI TRB ISR Uiz #7kD AGP £3~29mg /]
DFHTH -7z THEORIE, EBARBO) yEIEEL, HEMNED SNt HRkAD
BAE OA TR TR MNIRRE 1T - oS R, kO SR 4 2 BIBRS TR ME 1 % <
D3, ) S TH-T,

Abstract

Determinations of algal growth potential (AGP) for various sea waters were
carried out using red tide organisms, Chattonella antigua, Heterosigma sp. and
Skeletonema costatum. These red tide organisms grew well without shaking under
the conditions of 20°C and 4,000 1x. The values of AGP for sea waters were ranging
from 3 to 29 mg/l. These values were correlated to the phosphorus concentration of
sea waters. From the experiments of the various nutrients additions to sea waters,
the limiting nutrient for algal growth was almost phosphorus.

1. usic
BMANBTGHE LTOBERERTERET 2R8I, RECHLMMEL TV 5, FHORE
AL T, TNHOEAPE , AWRHESL TS VOMNEIRTH S HREEHDE
HEE -V YBEOXNERMEL L bk - v 3 v BSEROHEMNEMELS 2R, #5088
- EADEIERMEEAZRLTOL R ZEMEMEA TS, Th A, FEOREL TS VT

VEN AT EHEEEE T05  HEBELVREED R
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. IREBAZIFH T30 FRETHET@OE3-8-2
The Faculty of Engineering, Hiroshima University, Senda-cho, Naka-ku, Hiroshima 730, Japan.
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M sromicid, €% - ) YBELD T, BERNgMEL bEE LT, BAOLDHME
PREREREN 2 IR L FRE S 2 408038 5, BREAREEAER G, HKkCETh2BADRBMEER
B L F- BSTERDPD BENEAR EERE D (Algal Growth Potential, AGP)O B EZ HN O —2&ELTEY, B
FRILD D —F#s LCHRAEL AV ONE L% COETE, FHEPAIEE DRk
KIEDAGP 2 LU BT T kB L UKD AGP BHEE L HESO T 355 2L OBAE,
Selenastrum °Chlorelle?y FH WIS BEOEE L KEOBELHOTANE L 2D TEHEY, Bk
DAGP%Z #iiE Lo S 3 D iawv. BYE, M TRIME &R -T2 8 Chattonella s & O
Peridintum ¥ EOMERTH O™, FHRAEDTFUL LOR@ETIcHREINoOMB LU
STVAMETOAGPRIESLIELIT>TL B LELEHS, LRNOOH BT I HH
s shTsh, BESEAVLBEEARFRETSNTHEL, 20T, AfiF TR, K#E
¥1C & % Chattonella antiqua 5 X UF, Heterosigma sp. @ 2 O ER G PICHEBETH B Skeleto-
nema costatum AW THREEEABLE OB TLESUOKBEOACPRAIE S EM4 2 LA BT,
KEME O RINEEIC L 5 wBKOBEERERIRE T OB 21T - .

2. EBAE

2.1 TR

R slE I, BEEREMEKD O 58 LI Chattonell antiqua 13 5 ICH R KPS 28 L
t- Heterosigma sp., Skeletonema costatum % Hifz, BEBBIZEIELIKARTS — g% H
O, BEABOFEBICERBRORSAADERE/DIT (T 50, S-bEMhoER . ) v
ZEhZFh 1.0mg-N/1, 01lmg-P/l& LS — 1188 ER» .

#F 1 5 - oA
Table 1 Composition of §-5 Medium

Reagent Amount
NaNO, 100 mg
K,HPO, 10 me
Na, 5i0,-9H, 0 10 mg
FeCl, 1 mg
Thiamine-HCl1 0.2 mg
Biotin 0.1 ug
Vitamin B, , 0.1 g
Sea water 750 ml
Deionized water 250 ml

# National Eutrophication Research Program. EPA. 1971, EPA. 1975, Shubert, 1975

*+ ZHESE. 1973, Skluberg. 1970
=+ M, 1977
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2.2 IEREHOBRY

AGPOREXHN L LI BEHBE, ESERAOHMICRESEN FTIT ) LBV SH 5. £ C
T, 3HOFRGEYOBICRETEE BESITRE D OBBICOOLTRITET >/, BEE
500~15,000 1x gL, BEF10~30CoEG T THEEL.

23 ® H

R stEsIZ i Mk, BRIRELREE (94.11), HEEEEE (54.11.), [REE (54.9.), ¥l (55
6.), BL FLLAER (55.9 )M SER LD TH Y 6°CCHRIE L, Sohicalbicft L 7o, Bk
OMERE LT, 12omDAVYTLY T 4 0F — 1L - THBRNELTT - 12856 (FaH) &4 -t
7 L—7 (120°C, 1543f]) iIC L 280 %R, PRILME LGS GOBE) o0 THRED

2724

2.4 BHEER

AR 1T, BRI E B (Algal Assay Procedure, EPA. 1975 #: UTiT-7ce 47805, S
— A ROTEELAESEEL - oL - THBELATBRKCE T IRIEHFERL,
C. antigua M-S, 1,000rpm T 1 53718, Heterosigma sp. DA 4,000rpm T4 S # T
HIL L%, EBAEERTER>-BREEMERE Lize S costatum OIE3 3,000rpm T 10
gEEl, LBSRTERTIEBRRCATREKERNL, Sthr&0 Ed. 30tk 0
B R & LRV oo SRICAIRE L 725K 100ml % 300mI D 3 7 5 22t Af, Ll
RO MR s, WD C. antiqua, Heterosigma sp. D &z ENEh, 2cells/ml,
150¢ells /ml, S. costatumDIGEIL 0. 1mg/1&758 5 L HITHEMEL /2o BEHIE20°C, 4,000 ix, #F
B TIT - oo FREEPOBRREZ, 22— v -4 v vy 20T S TEmEE % ElE
L, ZhodL hgRERs LTRELTHRTR LI,

B IC B RND R BIEFEMER T - 7288, BMUAEREBEIROLED TH L. BH
NQ,-Nlmg/l, J¥: PO&-P 0l mg/l, : Felly-Fe lmg/l, €% 1 v F7 I /58
¥Wo2mg/l, €4 F 0 1leg/l, €% 3B, 0 1ug/1TH S,

3. EEER

31 FRBEMOETESTE

S—1IEHIE AT, 20°C, 4,000 IxOGRM T THESE LLIGAoMiEas H Lieiliz. C
antiqua, Heterosigma sp., Skeletonema costatum O HIFHEEE (u) £ EH, 077, 0.63,
1.16d7" C 8. costatum D IO e% R L. BEHRMSEKICH B0, C antiqua, Heterosigma
sp., S. costatum (XENTh, 3BH. 2R, 0EMEEL 2, 3EODT C antique B & &
WEEAIRIR AR Lo
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® fETERDS]GMA SP.

0.5¢ A 5. COSTATUM

1 i B | 1
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CuLtivaTion TiMe  (pays)

[ S N B LTI
Fig. 1 Growth Curve of Red Tide Organisms

3.2 EREFHOBH

20°C¢ S — 5 EEMAMWLT, 500, 1,000, 2,000, 4,000, 8000, 15000 Ix& BMEA4£ X T
B LIRS ORISR AN 2 KR Lz C antiqua i 500~8,000 Ix DM TEVRAR MR
PEGHI. LhLIEAS 4,000 Ix DIFE&CHE 3 BETHERNRA &L~ L, 500~
1,0001x OEMBEOBS I B EE 5201 40~50HMOERM O B ESNETEH - 7.
Heterosigma sp.DBS 500~ 1,000 1xDEREic T 2 F /B iE 215, 2.000~8000ix T
VERABBRSEON. S costatum DA, 500~8,000 IxEEAVEFETE CEIERERL
too WEHOEELIS 000 IXTREAMESFE LCRT LM, ChidERERLZ D&
EZ o b

3HED AR DR AR T TR DI DT, B LAERER IR Lz, T
MO L, 20°CTHBBMREARL Y, 30°C TR PP L, 14 CLTFTRIEME
MFEL KL,

Wi, BREMEWCRETRE SOBET DO TREEMA . | S T0E X OFo0ib) iz o 84
TR IEHRAREML, SR SR T -7 TOMAER 4R L z. Heterosigma sp. ©

A b S B BB IS SIS DR KIBERME oo b, C antigua & 8. costatum

DB, REDELTHEETLIE 7oy 7OESSED LN, £/, HAEHROMILEHENY
DCH -0 HHERG L, MARHERAFRE T CEESI22EMFFLOEFLSNE, Lich
ST, PEOERSG, KE 4000k, BE0C, HEEECERRRLEET AL LT,
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100 F L. antiqua
Ta O Heterosigma sp.
E B S costatum
=
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Static 70 rpm 90 rpm

B 4 SABERERIETHRE DDHR
Fig. 4 Effect of Shaking on Maximum Cell Growth

3.3 BAEBHBCRITFU—1DERIUHEERORE

FREESIO i3, TOMMICER, VyHSoREELACHBROBBIEIELERT 5
OHHSNTV S, S#EMELE LTI, NTA, EDTAR YO+~ 1 NE, #MEBSEESLIU
Tris A EMRMEN T BH (R, 1976), T Tk, NTA, Tris 8 X UOMBREBOMMIC RIS
MRIZOVWTHREEMA L, B LT, FEMEOBAZY CY, £2IORULALBKE
Hig B 7o, BRINBENTATOmME/1 Trislg /ITH Y, MESERALBKEHOBEEDOLED
10fEBATEM L. CHOZETRMUTERE LcERAR 5 1R LT Heterosigma sp., §. costatum
ALK TR BEAES SN0 L, C antiqua 3, AT.HREH T LB R
SR o7te Cantiqua ZTrisEBRING 2T &icky, BEAREL L -7, LALEEG,
Tris DFEMIE S, costatum T3 LTid 00 ICH O . MBEBOENE, WIhoFHEod
LTHEROEEEEL i -tcl &b, BESBERIATHAKEHHPORTRESTHELED
5.

3.4 BEEBER

KDk E FAWTC. antiqua 1€ L B EREHB 2T - R ERI 6 R Lz, ABtikDiFRiEk
LEBAGPIRBmE/ 1 Thotee £, HBEOFMERICECT, Y YK L0 EHFEIND 5
LM 3 EORIHEMBLSE SHEC E DD, KEOEKIY YHRTH S LHT SN, S5iT,
mH L) YERBICEN LS 2 OBABERIIB0ng /I EHEFICENE L2, V) vigon
CTEENPIRFEBE L LT BEVA D, hBL ULy I YOBRBIAD S D10
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£ 2 ALdwkEE g
Table 2 Composition of Artificial Sea Water Medium

Reagent Amount
NaNQ, 1.0 mg-N/1
K,HPQ, 0.1 mg-P/1
FeCl, 1.0 mg/l
Na, Si0, -9H,0 1.0 mg/l
Na, EDTA-2H, 0 1.0 mgfl
Thiamine-HCI 0.2 mg/l
Biotin 0.1 pgfl
Vitamin B, , ©o001 gl
trace metals* 1 ml
ASW** 750 ml

Deionized water 250 ml

* trace metals: MnCl, -4H,0 0.208g, H; BO, 92.8mg
ZnCl, 16mg, CoCl, -6H, 0 0.714mg, CuCl, *2H, 0 0.0107mg
Na,MoO,*2H,0 3.63mg, to H,0 500 ml
** ASW: NaCl 23.48g, MgCl, *6H, 0 10.61g, N2, S0, 3.92g
CaCl, -2H, 0 1.47g, KC1 0.66g, NaHCO, 0.19g, KBr 0.10g
SiCl, -6H, 0 0.04g, H,BO, 0.04g, to H, 0 1000 ml

C. antigqua
a0r O  Heterosiama sp.
W 3. costatum

~y w
o o

—
o

Maximum cell growth (mg/1)

R

B 5 JAHMEREICRERITINTA, TRIS, #EEBROHR

Fig. 5 Effect of NTA, TRIS and Trace Metal on Maximum Cell Growth
C: conttol

M: trace metals

H 7 2 Kik#s/KER . Heterosigma sp. DB EBERE R L D TH H. Heterosigma
sp. iC & BIBEDAGP 3 3.3mg /1 & C. antique I~ TRPEVEZ R Lo C antiquaDIFE
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A0 L. antiqua
g -
5 0r | e
g — —
2
© 2t
3
§10~
k)
; Lonlinn nollon
S NP VY FENNNN S NP V BN NNN
PP p P P P P P
YV eV V Fe V¥
Fe Fe
Filtrated Autoclaved

B 6 EAMRERICRE T RBEEORDSE (KkiEk)

Fig. 6 Effect of Nutrient Additions on Maximum Cell Growth (Oharai Sea Water)

S:  no addition,
N: NO,-N addition,
P:  PO,-P addition,

V: Vitamin mixture addition,
Fe: Fe(l,-Fe addition

251 Heterosigma sp.
=
S —
E 20t —
< —
=
° 15f ] 117
[Ls]
T 10t
E
g
Lol L0l
. | (|
S NPV R NN HNHN S NPV RNNNN
PP PP PP P P
V RV Vv RV
Fe fe
Filtrated Autoclaved

Bd 7 e RESRERIC RIS TIRFIEOEMIME (KBHEK)

Fig. 7 Effect of Nutrient Additions on Maximum Cell Growth (Oharai Sea Water)
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SRR, Y VIR E D RAEERAIA LEC £ D, TOEKEY YHIRICIE - TIN5 &
ABo g, WH YV -BBEMBLOEE - )Y €5 IVIRNET >, EFR- ) YOHE
AL 7B A0 K 2 {EOMAKMRAE S, $EES I /it &3 2 RIIREHTH B 5
ffze BOMRETH, Pl & ZEFFRBEOERSE ONAN, C antiqua DEG ERIKICA - 7
L= ZONREESL il s T,

8 i LB DK E N TIT - k2 C. antiqua DIEFRBEERZ R LI C andiqua iz X5 Pl B
TOAGPEF (0m) T 7.6mg/1, kg (6m) T10.3mg/1, T (1Im) T8Img/1TH-
oo BRI Y v 2N L BE, 20 RAMERAERNOSAD 2 (EL iy, | VHlRT
B4 LTS NI BYREDEE, RIEK, FRKEbICHREEIJERUAGP &5 L s,

40 - L. antiqua
30 (0 m)
20 F
10 F
< LI 1l
E S KN P N S N P N
= 307 P p
; 1
2 | {6 m)
S 20
& 10
=
R 0 o0
x $ N P N S N P N
= P P
20 (11 m)
Tonnl nid
075 "k p n 5 R P N
P P
Filtrated Autoclaved

Bl B AR R T SR D IR (LRSI 7K)
Fig. 8 Effect of Nutrients Additions on Maximum Cell Growth (Hiroshima Bay
Sea Water)
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PEARTELPENAGP ER LI HNBRAMETE, SRBLUT v OERMIC L HHMME O
miz ERAKD ) Y EMERO TR EA LD G h -1,
BB#EOEIK AN WTIT - 12 C antiqua 15 5 UHT Heterosigma sp. D IEBRFERER R0, K10
T Lt FPBEOEE C antiqua 28.9mg /1, Heterosigma sp.T 11.3mg/1 & FFEICEVAGP 85
7zo $ 72, C. antiqua, Heterosigma sp. & HICEH, U yZiEML TS, s HHMEEIHAL
Thpotio COT &I, EHK, ) Y RDAOUESRIRKRRC - T o0l bh 5T L ERL
T, —F. BRI L 5 AGP 13 C antiqua T10.9mg/1, Heterosigma sp. T4.3mg/ 1 & i
Fific e ~F LKL, B, Y VORI EABEROBMNER LA ERD OENAED - 1.
s BEGE L USIIBEO KO FER KICDONT, C antiqua, Heterosigma sp.75 6 T
S costatum MO TIT-» HEEABEREH1, B2, Mi3Km L, choDEKOD

£. antiqua
< 40r -
(=]
E
= 30 | M ]
3 .
o
} %
(43
— 20
3
E | l—l H H
k"
= )
0
S N P N S N P N
P P
Filtrated Autoclaved

9 WAHMERICRETHEBEORMIR GBBHE K
Fig. 9 Effect of Nutrient Additions on Maximum Cell Growth (Harima Nada Sea

Water)

—~ 20 Heterosigma sp. '
- o
©vE
[ 3 —r
.10 {1 H
g § .
E g 3
 E 0l ol
= <9 S N P N S N P N

p P
Filtrated Autoclaved

10 BAHATRI BT RBEORMA GRB#HEK)

Fig. 10 Effect of Nutrients Additions on Maximum Cell Growth (Harima Nada Sea
Water)
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C, antiqua Heterosigma sp. i costatum

11 EAEERCKITREREORNSR (FEkEK)
Fig. 11 Effect of Nutrients Additions on Maximum Cell Growth {Niigata Port Sea

Water)
307¢
Shimabara Bay
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C. antigua Heterosigma sp. _S_ costatum

12 BRI BT TRBEORNYERE (BRGHEK)

Fig. 12 Effect of Nutrients Additions on Maximum Cell Growth (Shimabara Bay
Sea Water)
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Kesennuma Bay
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L. antiqua Heterpsigma sp.

B 13 AR B g REEEoRmhE RliE AR
Fig. 13 Effect of Nuirient Additions on Maximum Cell Growth (Kesennuma Sea
Water)

AGP I, WFhoFREMEYEHO TS, 3IES~6mg/ 1 ThH- 1o BWFROHEKS Y »EINK &
DR AT LD G, ) AHIRREEIC - TWA T EASlEES L,

4 ¥ =

R A R AREE RSB LT, [T (1976048 Eutreptiella sp., Heterosigma inlandica
MOTEETREKOEFARIB IR AT REND 2o £, HROAGPDAE I DV TEHMKE
(1978) T £ ZGymnodinium sp., Hemieutreptia antiqua, Chlamidomonas sp., Skeletonema Sp.,Na-
vicula sp. % L EBOWE, H20 WIS (19800 L 3 Skeletonema costatum, Heterosigma
inlandica, Dunaliella rertiolecta %O HEFEAEDACP A/ IC DOV THES TV 5, BHEE#RA
BRI £ B AGP I, #KO 1 REENEFGEMREETHE 00, X, ) vOfLErkE
ST & HE L, BRI ORI ARFAIEHL0, HAKOBEMIRBRELFMS 2T LA

ETHD, FEREDTMOHEO—FHe LTHULEDLEEZ G5,

AGPAMET 2 BIc S FHIEC R 3 DRED LS BREEER 3 Th 5. KEORRET
" AMAAP (Marine Algal Assay Procedure, 1975) C i Dunaliella tertiolecta & Thalassiosira pseu-
donana ZAEHERE & LTHEIR L TV 3. L LSS, —RITIEBIV 3B HEAWR L4 3 KIETH
BB T ahE O pH, HEOLTHESCLEEL o L. SEAVHEEME. C
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(=

antiqua, Heterosigma sp.,S. costatum® 3FE T3 A48, C antiqua (I7EM /< F A0 FED R RE &
LT, HELGASETEGHBMEL > TO2RBENTH 5.

F1z, Heterosigma bBFWNHEGD L LR THFREZHEEC LTV A2HRATH S,
8. costatum FOPEHBFEFC LT AT - BOQESET, LEUEKREMSEOONTY 5.

CASKABEEMOEMFHCRALTRS LV HOHIKSNTESY, T FTRLORBENEN
WOHAGPOHIERE ATV T A5 5 HM ELTEREIT » 12, C antiqua, Heterosigma sp.,
S. costatum DVFIE, S TUSHITHEEEITO, KO T20°C, 4,000 1x, SEERORET.
AGPHHEM I METE L CEAMAL -, ChF TIC, HEEWE O RRARICE Y AG
PAURE ST 54, LI N SRR EAARRY 72 0 ORI S 2 ISR THS AT
L0, BHNOLENRBTH 2, MEOKE SZEHCL- THBOREY, RUSHETS -
TOHBEMICL D MBOBEROETH D Sb. LitsaT, AGPORIFEDLE, MERELE
RERE LTRGC LML LV EEDONG, APRTRBRMMRE, 715 —hwrsick
Al LIRS TRY, BonHNERSREERTECHE 4 2 L4 ML 1. %
B & A AR OB FEEICE <, C antiqua, Heterosigma sp., S. costatum TENEH,
BRI E LT 096, 0.94, 0.97 4B oht. COBFRMS, EIMRIIC 2515 41K | H2Y 7=
DOWRITRERN S &, C antiquaid 6.5 x 10 mg/cel!, Heterosigma sp. 1325107 "mg/cell
TdH -,

SEDEBRICA W BRPOERE LU Y v EREBBRBICL - THEO NI ACPAR -3 i
R UTce P AR E O D PARMEIIRIC & 2 HE BB L UBFBO AGP I K FERTTH L ALED

# 3 HwARoOKHEEAGP
Table 3 AGP and Nutrient Concentrations of Sea Waters

Pre- P-
Sea water treat- N-compound compound AGP
ment (me/1) (mg/1) (mg/1)
NH,-N NO,-N+NQ,-N PO,-P Cha. Het Ske
Oharai F 0.00 0.18 0.013 5 3
A 0.00 0.18 0.016 5 3 -
Harimanada F 0.40 0.26 0.096 29 11 -
A 0.42 0.03 0.108 11 4 -
Hiroshima Bay Om F 043 0.02 0.022 8 - -
A 0.42 0.02 0.024 8 - -
6m F 0.13 0.02 0.032 10 - -
A 0.15 0.02 0.037 5 - -
Iilm F 0.07 0.02 0.033 g - -
A 0.08 0.00 0.038 9 - -
Niigata Port F - — - 5 4 4
Shimabara Bay F - - - 4 3 4
Kesennuma Bay F - - - 7 7 —

F: Filtrated, A: Autoclaved
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BARCIENTH U0, & RPBHRCLZBEHOC B KOAGP 3 C antigua D IBETRED
16 %, Heterosigma sp. DIEEA T 3HBULLEDEAERLTWE, —F, kb DS FHEmer L, 5%
BEEETNH, - N0.44mg/)l, NO;-N+NOy-N#H0.26 mg/1, PO,- P#30.09mg /1 & K & #kic
~THL LR Lice Tz, KEOWKICEREL Y Y ETRINT 5 & BHEOBMHRNE <
ARG ALEMS, AGPH, EEREELUVIVERHICEDKECEAENZ O LEZ LN A,

itam®WMﬂ&Lfﬁ@%tﬂﬂﬁﬁwﬁhimﬁ%mitm,amw%m®%Aﬁﬁﬁw
t~BSIREDH B—RuT, O AGP %R A, BRKOEEICH, BMRETOAGP RiEFED
AGP EBEEI U NETOEERL, HBADEBRS ERIOERBEGH, ZOHBI 2T
BHREDLEARFTH B,

5l A x #®

MR - S8 0 AT« Bl F - A EERC1978) 7T 0 b ORBEIR & BT R L 2Eko
EREF M 28, AHEG®ROIE, 1, 199 -202.

BRITER » #HINIAS 3 « ZAFDE—(1980) © HRIEHE - HE @ AGP SO M, F140 B ZKE 75 @rsr &y ke
Wik MHE, 79-80.

LS 1976) « Rl SERERL. AfdEiRRES.

National Eutrophication Research Program EPA (1971): Algal Assay Procedure Bottle Test.

Rl AN (1976) « g iICk T & RMIRAROR R & THBERO S, BREH, 15, 770-777.

Skluberg, O.M. (1970): The importance of algal cultures for the assessment of the eutrophication of Oslofjord.
Helgolander wiss. Meeresuters, 20, 111-125.

Shubert, L.E. {1978): The algal growth potential of an inland saline and eutrophic lake. Mitt. Internat. Verein.
Limnol., 21, §55-574. .

SHERRE— « B - MR (1973) MM B BRI £ 5 HEBEOFE. HALFK, 15,107-116.

U.S. Environmental Protection Agency (1975): Marine Algal Assay Procedure Bottle Test. EPA-660/3-75-034.

MIEAGE (1977) @ #Ri. #Hkt, 18P
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R aTHERFAPRME WI0S (R-30—'82)
Res Rep, Natl Inst, Environ. Stud  No 30, 1982

16 RESEBENEELEICIS5AGPHE

An Experiment of Multispecies Dialysis Culture
for Evaluating Algae Growth Potential (AGP)

e il (3 gars’

Teru IORIYA'! , Makoto M. WATANABE? and Masataka WATANABE?

E B

AKDOERBEELEL D BRFITHECIRECHET 5 L4 EWE LT, ROEE
WrEEER e & » TAGPA BT 2 A 17 fo

B —E&H T TOREHOAGPOE L&, S OMOETERFR 15.7% &1
SWEFRLTED, COMELFAT, HEERENERCHEKTORBETRA RE
TAHE, HEEERMNO I Y Fo— 0RO ACP EH AR ) L OSERERNEK
DAGP R SHICEL 7T He X, SREES (DD ML TE, #550ko
DI HA~NTHREBRRODIEGTRTEL BT LTEY, ERFZDBTODIOLE it
Ybha— b SR REENOR RO DAL TSBICET L Th -1

U EOREDTDFRTOAGP OB AT H 3 & S iIcBhind 55, LR
POz LT3, SokgBBEELIAbHNS,

Abstract

AGP (Algal Growth Potential) experiments using a multispecies dialysis culture
was conducted in order to evaluate a trophic state in the sea. The variance of AGP
values for four dialysis cultures under same experimental conditions was considerably
large (15.7%). The result indicates that the differences in AGP values smaller than
this obtained under different experimental condition are not significant.

Sea water was sampled from Tennosu-channel in Tokyo Bay, and AGP of the
sample water enriched by nutrients (nitrogen and phosphate) showed significantly
higher values than AGP of control water without nutrients. Also DI (Diversity
Index) was evaluated using Shannon’s equation. DI value obtained from control
water showed a significant fall compared with DI value evaluated in the field of

L REUKEERY TI103 HaifRifEaTE
Fisheries of Tokyo University, Minato-ku, Tokyo 114, Japan.

2. [EEESEET RF-LEEERNE T305 SR Siny st HIse
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan,
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Tokyo Bay. However DI value obtained from the sample water enriched by nutrients
showed little change compared to DI value of control water.

Therefore it was possible to evaluate AGP in more natural condition, but some
modification in system of multi-species dialysis culture is necessary in order to
evaluate DI value of phytoplankton community.

1. RUsic

AGP (Algal Growth Potential - MY D@ (1, /KM S UG TREDITE
ATV, TOREEL CRKOBELEOBE N &0 Lo —E OB BIE (Bioassay) T h B o fif
T, MEHESERELAER NEENEAEHETE 00 L THHENAEETHEEW
ZHo AGPREL, JEARRNTIISTUEICATT Z 0 B ST S ER|R 43 4 (Algal Assay Procedure
Bottle Test : AAP) CH#ELCHINTiN B, AAPHOMRER, o FEBERIC TR ET 322k
DEWE 7 « 05 —HE X BSETHE LU EKie, B UGS (BEALRR—E)
FHRLTC, +OBBERFFERAICE G2 AL AICHD, SUKOFIME, HEBEORE, Bk
LM, BRESH - B, RESHR B THEL, OMBESAEHME & (B 785, 1978), #L
MK« HAAKD AG P FFl, AKEAO HIFREBEOHEE, S8FICH Mt KRR SR 0RE,
Mg o, SERERO TS, AAPEOGREREBECE M-THEEVA S GHES,
1975 JEMES, 1981 ; XKS, 19810

IS (1979) i, AAPHICHE O AGPHBRILOEE L LT, 8MEABRE Lau#liBk, &
KEMKICHE L TAGP 2RO 5 HETHIRSERIC LS AGPHERKY:, AGPMEZIZEL, 1)
HAKITHEIL U BB H AT 2 4, BERR IO OIERBAAGPATRTCE, D HELE
DABLEMLEFLCAGPHRONEC &, JIBBHEOCIHKDBEOH L MALAHT 5 C &
I » TR RIS ERD L ENTERZ L, DIE-T, BERDAGPELIL~NTAGPY &
RERRIGLRETAGPEZMETE 2 L0SAHEINH LI LETR LT S, X, Caink
Trainner (1973) i3, EMR TIEEFEOHA, RUSEFELL T3 HFA LT, kol
FATE (transferred assay) T 2 BB HRICE S AGPRIER, ABCERREL, X HEOZ L
Wk D AGP RRBIEEAED/L OGO AGP FHI5E « Lb 4 2188w id, ERoRsrEe it
D AGP & SIEBESANE » WEEITHT EMTE AL EMRESNTETO 3 (Cain & Trainner,
1973 ;Cainetal, 1979 ;Koltz et al., 1975 ; Lin, 1977).

KETH, LicoWEA2iic LT, L0ARRICEWIRETH /KO AGP 2 ko a8ic, H
5 (1979) D AGPMEE L Cain & Trainner (1973) O ABC ik% 554 X & - RS HLEMT B S BT
AEPE LTiT-o i EREE )T 5.

2. B &
1 ARKER DB AER L o G0 2 R g AR R RO ERIEA250mIT, E5um O

— 304 —

¥

e



taviybtickhEibh T, 2OPOEBEARNHEOL D UMEIZE T 5, BEESH
FOEKD 1 HTANE LA L HEER v 7T 250 ml/dDOFHKEEFIIC F v FONHIC R
L, $hFRATRICEIET 2R ERBMICds L TR ESEmZ L.

medium
in
—
medium s
washed
ou air
H —
| growth
// chamber
x
"“\’/_J

Bl 1 S
Fig. 1 Diagram of the dialysis system. The growth chamber was covered with 5um
mesh netting.

BN AR IC & O #94,000 1x, 168:FHTBHIH 8 RERAMEER, @EDI320 & I°CORMGT 5 BRI
#Lie
ARG 1980 10A 21 RIT HEUKEERFEBME R BB XX EMNER) T&AKL ., HEK,
Whatman GF/C Filter (£847 1.2 2m) THH L1z DA RBICH L /oo kO RERK20°C T
Hotoe MRKICEEST B 7 00+ YRR ERICEET A58, 77 Y2 N va e b (RE60
X8lam) TH@ LUKEOEY 7 o by, S8 E RO RIT 250m I FESICEM Ui, CoX
ETHE0em T O/NEH 7 5 v o b Yok ahiing, 20 EASITNYTEH 2N S
ZFUT o7 4=F—FHdF /T30 b7 4—F—THy, RRCFELLEYZT 7 7
b IGREEOEES MWEEKLGEGER LBV FROTI0amBElLLoy A XEF LTV S5, W
i BICEZAGPD{ET, MO ESLEEHEL Y2 EEDOLDTLMARLEEL GRS,
WRELHET 28, FHRENANO;ZNE L Tlmg/l, W YREKHPO, 2P & LT 0.1mg/l
DRIEITIEML fzo AGPHERTREHAERE LTEERAMV G TS, O FHER TEA
gFNT, N TT Y7 ySRBIEL T ABIC, Chle i CHEBIAERTIERL 2. Chle it
DEHE SCOR-Unesco (1966) 10 & - foo SISO MIEICIE, 73 v N/ AT YT 4 I F v v
SN=(Im ) A2 HOTITY, £ M5 (Diversity Index : DI (ZRD L H it Lz,
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Di=— 3% T fog, =
in N N
LT
n;= { HE D species DL
N = BEAH
S = species O
TH5 ’h‘
3 ERLEEZ

3.1 AGP OIS

B R EMER X 0 1026 FHEMDAKRE M- T, T AFTARENLERL TT- A
GPHBOERER 2 2K 1iKRd . CORKOHEIChaRE 2. 1ug/ 1 TH - 00, EBRTHE
RHIEWMEMOEAT 100.0 2g/1, BERFEHRNTE35.0ug/1, ) Y ERMNT29.0 g/ 1, FHE -
U YESEMTE52.0 pg/l 0 HEETR Lic. COBRR, AEBETORBEROBEMNL DR
EARE L bR ST REE SV AR, ROLIBHERET-12. A5, [gk 11
A9 i {H LT, B GF/C filter TRM U HKICERE Y vEFRMLI- 05 HEE L L
T, #KO AGP %K 2B OIEUER TH 2 Dunaliella tertiolecta DB FRA Chla BT 110.6 25/
LILBEHIER LM ODORBREEBE TS HRBSITEE L ROBE4A B ROBVERIT L. C
DFER, 5 AHTE,311.64696.9 pg /IOERETRL, TOERGHII5.THTH-72 (K3 ).

10°} ot
x
—_— [J3
o 2
=
1 1072 2
[=] [r]
- 5
z >
(&) O
[}
10 107
C N P N
]
=3

K 2 SHEEOHRKICKSBEEER (Chle & © B, £ (EH
Fig. 2 AGP (Chl-g: white bar) and DI (black bar} obtained for sample water in
Tokyo Bay
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# 1 WEBRTHEROZHRICELESHSENEEER 0NN, Chle BLU%
Bt

Table 1 Cell numbers, Chl-g¢ and DI obtained for sample water in Tokyo Bay using
multi-species dialysis culture

21 October 1980
initial control N P N+P
Cell number x 10%/1
Skeletonema costatum 0.0039 81.200 486.0 608.000 396.000
Ditylum brightwelii 0.0011 0.050 0.200 (4.600
Euglena sp. 0.0012
Rhizosolenia fragilissima
Nitzschia closterium
Prorocentrum minimum 0.0005
P triestinum 0.0606
Thalassiosira sp. 0.0009 1.000 1.400 3.200 1.400
Navicula sp. 0.0005
Melosira nummuloides 2.000
(Unidentified flagellata) 0.0018
Chlv ug/l 2.1 100.0 5350 929.0 552.0
Diversity Index 0.723 0.031 0.009 0.016 0.015
10°
N (1
_ ]
>
EY
o 10t
z
O
16
B 3 [EEMT (Chle#Bi@E, 110#g/1, NO,-N Img/1+PO,-P 0.1mg/1)
ik SEHAETROED

Fig. 3  Difference in growth of four dialysis cultures under the same conditions
(NO3-N 1 mg/l + PO4-P 0.1 mg/l, initial chlwa: 110.6 ug/l)

COMRE, TOBRGTHLAORKNTCHEEL TG on BRI - RET 21841, I& 1048
BOOKRER T LONETEICLERLT S, COEREERML TR O AGP O&RA
Rits 5L, REEWMEMD 2 v b o— ABUKE A, REEETEMLAISARY S MIC AGP I
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L -ThBEEL B,

32 ZHHEEHOFER

TEITLS L sk CoB LR, Skeleronema costatum T - 1208, SHEEVEISIL 0. 723 & &
&, OB & DIFRBZ 55 LETLTO B0 CAKHLTRRTH, 27 ho— LT
IR RL 0031 ¢ FLSETL, 3EALES costaumThHH STz, T HEFEOTRING
S. costatum DN, FETa v b o— o EHRTEHEEERELTMTET LTV 5. &
WMOBRBEAHEBUEERER TS E 3 ERBTTREREINTO 545 (HHS, 1979), #5547k
&y b w =K E TIERANEO KT RINICE OV TRELL To 3K §dpd SF B EEEEISEA
BEOHTHELET LTS LHEFHTASILTHD, 2~ 3 2 u#Elmc L 26
THEHRL>ZEEDE V. COERTORE (204 1°C) @E/KEINBOKE GU20°C) &i3iF
b UREREESNTWVWAH, HIES (1979 OHEGicd 3 & 5 wkiBic L 2 28 E80 £/t
CORBHEA OGNV, LA, FRFROME | OMEIFOFERAEZ RS QLN TV EZEZ LR
5o

BoEHtcE, KEOEEEEOAL ST, £ EEELOMEENORRE LTERSLS
fhiS & F OMIED ZMMEATHEELERE LTHE LTV A EFEL T 50dum, 1971), fo& 2
i DEIRHEE (stratification) D8 — ¥ (HHE TEELE, BE  EO0BEBE), DRG0~
F=v (377 iaT7-H—Fab—va Y iIBWMT 57 YEOKENLESEE), 3DF
B/ vy — v GRESHE PR B EHIOEY, STEORTEERES), LAYRD s -
(BYEEO MRS, BIRAOWAS), DMAEHO vy — v (%, ARLES), 6045 TEED
Sy - CEMEEORE, SV, WEHESHRHLBELREA L - TO AT EABESN TS
(Odum, 1971). RER T, Fh@RUCE > T—HRic 1, BMRLHEBLE L LTR 2 7Y T7TE
PR F s 7F 07— =N TS 7 b DA LDEREL TRV &S, D
W ERR L ENTIFFICEME L b D L > T de #E-T, B 3T OROIEMELD,
AR L THBARO MK O S B #F LR TARLARETREOHEBhit b,
BlED & ST, EEGHEGTARTMNEN TI10 A21 QigfEk L 23K TOAEIThNTOHIcT XX
VS, EEREEE A SHET L TRAMBIIE BRI L AGPOR M AIEETH A XS E LIS,
T, FRMEHICELTE, RBEEVAAOHELD S LAMEOEEEAE S LT
ALHiEbhb,

BB X B

Cain, J.R. and F.R, Trainor (1973): A bicassay compromise. Phycologia, 12, 227-232,
Cain, I.R., R.L. Klotz, F.R. Trainor and R, Costeilo (1979): Algal assay and chemical analysis: A comparative
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study of water quality assessment technigues in a polluted river, Environ, Pollut., 215-224.

Klotz, R.L., J.R, Cain, and F.R. Trainor (1975): A sensitive algal assay: An improved method for analysis of
freshwaters. J. Phycol, 11,411-414.

Lin, C.K. (1971): Continuous flow culture of benthic diatoms and its application to bicassay. J. Phycol.,
13,267-271.

National Eutrophication Research Program EPA ‘*Algal Assay Procedure Bottle Test™ (1971).

Cdum, E.P. (1971): Fundamentals of Ecology. (4: B0 IEit - = ESUREREN, +&REF])

RIHISEIE » SHIERE— (1978) @ AGP %% < DM, Mk LBEK, 20, 765-779,

Scor-Unesco, W.G. 17. (1966): Determination of photosynthetic pigments. Monogr. Oceanogr. Methodol. 1.
Sydney.

R — o FRLE « ATAK - WHFEIE - STEE— (1975) ¢ ETTFUKO 2 WLEZKR AOR o BRI AR BE O B TE B
B, Frkatitsesk, 12b), 1 -9,

iBERE— - MIMAE « SNES - RIMAIE - MEIEED « LHRHEF (1981) « MkdgoERE el & 28 &0
7 (x), MEoNEREBE LD AGP ORTE, B HIETRIEiSsE No.26.

MHHAE « FIEDRTE - R — (1979) : (58l v b 0 — & AGPIC & 3 BERILOHE, EL S HRTH
FHHE, No6.

FARNELY « PR — - S0 « FEEE 1981 : R OIEAAFEE S O, ENATRT BT A W
No.30,
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FArndrgemmREd: Mmaesy (R-30-—'82)
Res, Rep. Natl inst. Environ, Stud,, No 30, 1982,

17, [ILBECBIIZEMT ST P OBEHETFRE

Diversity and Evenness in Phytoplankton of Kesennuma Bay

M T

Shingo TAI'

E B

SUNBBORM 7 5 » 7 » OB R% FIiZ Shannon D= » + o £—FH
t E MR BIRE R B L OF M ENGT H AT LIz Y75 v 2 b i
BEOFFEEEIETCONTRAEREST Y, ZOBNEHEET 2T XTO/EIC
—RE T KR EOMBMNBEICE U THE S HTOEMB LN HEET 5, ¢4b
B, CHERIE L - THEE T 5 v 7 b VEEOBEOEIA <. BEMIEREC
OEEHEOLEE —DORETERRET IOIELBLIEETH D, JIEEIE
WTHIDT EMED Shl. k7, W75 v 7 b YOREHEROBOEM TOL
B Mo BB TOSETEN L REAEL, AHOBES L SEORETO
HTtHaaREEESEohac LébhoTi.

Abstract

The propriety of using diversity index ( D/ ) from Shannon’s equation as a
trophic state of marine was examined for phytoplankton from Kesennuma Bay.
Species diversity index for phytoplankton (D1, ) give a better indication of environ-
mental differences between stations.

For phytoplankton, generic diversity index (DI, } revealed nealy as much about
community structures as DI, suggesting that discriminating higher taxa rather than
identifying species can be used in the community of phytoplankton, with saving of
time and money.

1. TL&IC
Pt ORERELLLOVNEEL, —EDEBESHER L T 3. Lichi- THIBEMS
AL LR E (member) & @ (individual) A28 {bd 3o Ednick+ 5 REERAOE LT LR

1, Erodatsnish k[I-EREER TI05  BRWEH SN W SRR
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan,
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BRI EOMEINL 60, B3, MOE, NO. SO EOEEMTL EDENS bDks v
AR, AU OBAL FOAMIL DR EH L WA EDNEL LD HHE(IED L FD
127, B AERTORRE, U on EORERIEOEM & b S BIEREOE(L k- TH) - 4l
Wr5 s b pEKE SO/ (species) & BT &(LE X 14

R N AMBEORE - BERBOMBEE, /2005 5E A HOMEEO S ORES HAT I
LEE 2 HOO DI B REVEISE (diversity index) & 2 * DX (evenness)” A&k B. A
BRI L BB OBEOE(LE SRS TRERY 3513 Wilhm (1972), Orlob, e al.
(1977), Martin (1980)75 & 2 DL DM H DA, & TRABAPOR) « §i 75 v b O BN
F— & oSN, PEIEROSEROEERESL OB SOTREENZ .

=

2. ZHREIHBE=0OEY
EBROEEE S RETAEHICHE I OLHIRKE(OLONRBEIATHWE, COERT
Margalef, MacArther, Pielou ¢ T\ {% Shannon (1964) OtF#H v F o’ —

H=-K 3 blog, b Q)
i=]
1y
z = i
coi, b x

DHPOEELhENe, 2, 10&L, K=1¢L7bDTH B, hllxy b v - dHBFEDR
FEThHHPOREEROREE LTHHNTH S, TH4HE, RIEAOHENSHLIDL I n,
"""" n, TEHLENLLE, ZORBOFRT Y o - BN TEROENS, 108, 1y, fyoe 0
DRFOENEL L, n+ 0y X, =N 1 EOBE n/N=X, By/N=Xy n/N=Xs
HENTOENMIRTHE,O, VNTK=1L7oLMEx v boe-1d

§
H=- X Xlog, X; ©)
i1
LY, BAFICEBTIEEDL Y o -
8
45" =—R ¥ X,log, X; a
=1

LR RUFEH

LY

EAGEHAROCTHUEENONEET v b o E— HEOICERCMBRELTO AT S hibh b, I
A0V O E—E, fEAEKCERESERS e LENdT ATy oY -THY, B
WG R DR AN RETS 5 (IS, 1978), ’

Lo AT, ZEMENE, Pielou D& SICHBOEEI0, K=1THTELKZ DLW EEHE
DuHol (H50RE) ofs, TORIETAEEBONTHORE, THUHbEESKL>T
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# 1 HADZEMERR

Table | Various diversity indices

Diversity Index
Gleason (1922) Df = _S_
log v
pl=—1—
Simpson (1949) n;
2
S
Margalef (1957 =
argalef ( ) DI ToN
gy n;
Margalef {1958) Di= -3 —1n—— (Shannon's equation)
i= N N
1 N . s .
Dl*w In I B e (Brillouin’s equation)
MacArther (196 1) DI j, s 1 "
cArTLher = — — 10
a 2N g2 N
- _logs§ __Ss
Menhinick (1964) Di= log N Df = NG
Pielou (1966) and _ o im ",
Good (1953) DI= ,{W loglo_ﬁ“
5o
N— ] Xn:
Melntosh (1967 2
( ) Di= Voo
N—/N
5w,y N—=R
Hurlb =y 1 i
urlbert (1971) pI=% 4 (=7-)
i
DI ; diversity index
S ; species number
N ; total number of individuals
P

number of individuals of § th species

REDH R2FEYHREODICEL OMHBEEL, LebThFOEOMKHNEIET L LA
ARSI RS (Y, SO b, @EHNEL Ah e JicE iR/
ECBBLEERLT VS, $/z, &2 TRHEGREEZI0E Lok, EEMZERELEWEGEICE
A AROMEAEME L0 AHOLE D= 0602 &2, SRETHHIEHILOMHLIBED
DILDRECIK-TEY, BOHILROIEHED KRS VAEMEES, BOEEBEVHYHE
DNESNEPBELE D, HAVHAKSVEREERETIHAMNS LT LERL TV 4,
ME, Ns, NELEORMKBORBERENPERT LMY T V7 b DHEEEDOM

—313—



nj
b
— —= nl + nz + n3--+ nj + ng= N
<]
n
; 3
L
E
El
= —— n
B :
I r [
| | I |
| ! 1 |
1 2 3 ceccnviren. R s

Component

K 1 REEEOHN

Fig. 1 The composition of environmental quality

IMAREREEKARL, BOEMELT A E08E 0, HER(AHE L BATE Y HTIHERIC
13 Microcystis D3R EICH R LEKEZ Iml PR FICET 2 0B I 2~ 3wl da (@S,
1981)c RBEBEO DS VWEARIEH TS 7 P vOBESPRENEZ R snFh oEOMBE
HHDEG, LbL, S CRBEBENRDL, BAICLE LT 522 F v OBRSEDL,
EAES LD LTHEBICE 2 (S, 1979,

LD LWT 7 v e »ORBEREN D GRS BN OKEOERELDFHE
EEL LTHHTE AT EATRBENR S,

LTATHMBEOTHIOREL L CEASHRIEER BN EZREEREOENEL L
Nb. FHEORELLTRZIOIHSEH2OLDMEAD, SlERELT, UXD74 7
ARG EDMELE V. $40DY, BOBEERN—HTENTH S Lx, DXOEEERBEEZTL,
EHEEOERRBOT, (DXOMEOEICEN I fisl, SEELLHEATEMERIL LY
FREOEY J SRR CFL (K5,

3. SMNBBICKETZ@EYMTI VI OBHtLFHE

SHEBEORBTI VI rvOT—9 (MM FHRT) o557y 2 r v OSENESELRD
SR OEA10& L TRD ta

X 2 icEf&S St 1, St.2, St.3, StbhEBH2ERHEHOBEHET L. St1, St.2
5t.3, St.EDEBOTPEEREZLOZEHFRH LB T T, BT 0.08mg/1, 0.06mg /1,
0.04mg/l, 0.04mg/ITHy I LBERHIE . 6 F26H, TAIRCDHH A EMM L L &
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& 2 BHEBIOVPHEHX EERMIEHRORIG

Table 2 The relation between diversity index and number of species and evenness in

communities
measure of evenness
Patten (1962) Measure of redundancy;
Dipax — DI
R =__mTax —
DImax — DImin
DI ;  Brillouin’s equation
Lloyd {1964) and Measure of equitability;
Ghelardi (1964)
5
E=—r
S
S 5 theoretical number of species
§" ; observed number of species
Pielou (1966) Evenness of component diversity;
7= DI’ _ DI
Dimax D max
DI ;  Shannon’s equation
DI ; Brillouin's equation
Sheldon {1969) Measure of evenness;
DI’
E = —
A
Hurlbert (1973 Measure of evenness;
V= DI — Dimax
Dimax — DImin
DI ;  Hurlbert’s equation

0.5 AL ERE WS, Skeletonema costatum DB L 75 » 2 h YERFEROREIEED B
TANDEBED I 05 BTRIEFLTHY, DIERFEMT 5 v o r v EROERE, BEiCL 5
EEE L <RBLTL 3, COMEEHEKOMEM 75 v 7 b v iZ b Roh 3. €3I I978EL Miic
B0 BB rBARME L OB r ST RBOMY T 2 b v ODIEBEET L Fo
REdA ESY 5 7 Qb E TIIRREE & RS TR A 15~20BT Db 0.5 BLEE s,
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# 3 MroTiils LB

Table 3 Various measures of evenness

N " 0y
N=10, PI= —Z‘T' 10g‘°ﬁN—1

number of species

probability

diversity index

10

4 01t 1 i 11 1 1
10107 100 W W10 107 18 7107 10
2 1L 11 11 111

0
16710107 10 107 107 107 10
301 1 1 1 1 1 1

4 111 1 1 1
10° 107 10" 107 10°710" 10
303 1 1 1 1

4 2 1 1 1 1

10°10° 107 10° 10" 10
5 1 1 1 1 1

43111
107107 10° 13" 1
502 1 1 1
107 10°10° 10" 10
6 1 1 1 1

4 4 1
10710 10" 10
s 03 11
10°10°10° 10
A S SR
10* 10" 10’ 10
6 2 1 1
106°10° 10° 10
5 4 1
16° 100 10
6 3 1
101010
7 2 1
10710710
8 1 1
10°10° 10
5 5
10010

6 4
10’10
3

10° 10

8 2

10° 10

9 1
1010

1o

10

1
0940
0.880
0.857
0.797
0.759
0.714
0.699
0.651
0616
0.591
0.533
0.518
0.508
0473
0.408
0.410
0.390
0.348
0.278
0.301
0292
6.265
0.218

0.141
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Fig. 2 Diurnal variation of diversity index in phytoplankton of surface layer of
Kesennuma Bay
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T A O Microcystis 13 K D BB LEE L 5 ~ 10D LTDIA 05 BT L T
Vo M TPEINE 0.06~ 0.2 mg/1 T Ba ' '

SABE (BREELUHEE) REO TP EIEEBRADERSL], 0.08mg /13 6B IR~ T
ET L, TPBEOHEL: (0.005~0.01mg/1) HHEDOHERKAFALREL 2D St.7, St.81
0.01~0.02mg /IC{ETT 5. M4IC8AIDAB LTI FAROHRMBEC ST 28075 » 7 b
YO DIERU, 7 — 750D b SRR B o0 SL 2 TO IS/ E ¢ St 3
TROIDBHCHEPSOBKOBRATDIESN LR LT 5,

8 B22AKEHAStL. 1, SL.2TORM 75 b v DI, RRAKKTPBEDFES HFHOE
ILER IR Lts, TPRERXRETOL0Img /1 TOETHAINEL LA >N TEESEL Le
AR OHEAD UTRERIED] &S -Td, 305 RE T Skeletonema costatum HEsLL
TWALSEHA SLI TS (St.2 TR8)THD, DIbHEMAEVA, BETI2/ (St. 2
T3 KA DHE DI LT B,
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Fig. 4 Horizontal distribution of diversity index in phytoplankton of surface
layer of Kesennuma Bay
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SHEREO £ O _EAOBR THHREMA 4 5 C LM TE, MERETOEHMEEREMHENHRESD
HEOBEMFE T L EMENERIER T v F v OERMEEMA L LAN[EL i 5. ME K
SMEBR B 2L BMIE (D) LRBEREEH(DL) OMGER L. MEEREHL
S rs v o b vOEBERBEEMEHTICIHETEZ 2 L dibht. 4B, M6TD,
— DI DI A E BT B, HANID Chactoceros IO ANE T L T 3850
bDTH e

LT AT, VRSO (5 3
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THZONHM, Dimax DRD 2 52PTETH 5. KILBEOHY 757+ »OBEF— 5 TME
Boyy 7o TE I~ 3~13BTHEH, &v i30T ad Le3fl 3B@EAHBELT
WEo Dimax ELTEY v FPLOBb a0 BRESY v 7LOHREVEBREEL LEHE
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ho= 0658 DIy & 150 SRR E THEDRREAESHENEDH T HD. —HEH T
g3 O IRIBE A S Dimax B3R 55 & BEMER & P S O £ & ORI T O X 515
CAEBEAY S 1 SALE I L THE B S HEsoigi TERo BV R S0, ChiE
BLHIEARTED T4 » 7 A ORISR AL, Y TARMTHE D BN LB THS Do
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K 6 SIEBEcETIENT 7 »7 F »OBEEEESEEES BN R S DEE
Fig. 6 Relation between species diversity index and generic diversity index in
phytoplankton of Kesennuma Bay

# 4 RULEBBZBOAEWMT 7 7 b OB L& FES O fel

Table 4 Diversity index and measure of evenness in phytoplankton of Kesennuma

Bay
5tl 51.2 5t3 St.4 S5t.5 Sté

Number of genus per liter 8 6 6 5 6 7

Number of species per liter q - 8 7 8 11

Total individuals per liter 1750 3840 1840 1320 460 5220

Dig . 0.448 0.216 0.380 0.361 0.599 0.209
Dig 0470 0.233 0517 0.492 G.764 0.259
DI G, max (far numbers of genus in each samples) 0.903 0.778 0.778 0.69% 0778 0.845
DIG max [for 33 genpus) 1.519 1.519 1.519 1.51% 1519 1.519
DIs max  (for numbers of species in each samples) 0.954 0.903 0.903 0.845 0.903 1.041
DIg max (for 63 species) 1.799 1.799 1.799 1.799 1.799 1.799
hg (for purnbers of genus in each samples) 0.496 0.278 0.488 0.516 0710 0.247
hg (for 33 genus) 0.295 0.142 0.250 0.238 0.394 0.556
kg {for numbers of species in each samples) 0.493 0.258 0.573 0.582 0.844 Q.24%
kg {for 63 species) 0.261 4.130 0.287 0.273_L 0425 0.144
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18, FBLBEOHEICHITLATPEDEL

Changes in Cellular Contents of ATP during Growth of Red Tide Algae

BE OB MBS D (2 EIEE

Kiyoshi SUGAHARA!, Yoshichika KOBAYASHI?,
Makoto M. WATANABE® and Masataka WATANABE?

E B

T OEBEREE T, Ml ATP BO AR, | AOERIKEETH
Em D —ETHY, COEFNZ biomass HEEHERNTE 2T AR INI,

—7, A ATP B3 1 Hics WOk S HENE{LE R LI, COE{LD S5,
Rl A ot s bodizoER RSN LMEXS D, HEKE on 2 0EMiass
EERH B L ERBENS,

R B DE(LICME - T ATP BOEH T2 EMRENA T EMS, ATP
DORLARC B o e 28 L.

Abstract

During the exponential growth phase, red tide flagellates of Oilsthodiscus
luteus and Proprocentrum triestinum showed constant values of cellular ATP content
when the measurement of ATP was carried out at the fixed time of the day. The
result seems to confirm what has previously been reported in the past, i.e. that is
useful as an indicator for quantifying the microbial biomass,

In the meanwhile, the cellular ATP content of the flapellates fluctuated mar-
kedly in a day. It was suggested from the analysis of the time course of the fluctu-
ation that the large fluctuation observed in the daytime was related to the vertical
migration of the flagellates and the small fluctuation which appeared during the
night was associated with the cell division. Since ATP change is associated with the
activity of the living cell, it is possible to use the cellular ATP content as an indicator
of the growth.

I Examitxe SRS T 305 KRS e
Envitonmental Biology Division, The National Institute for Environmentat Studies, Yatabe-machi,
‘ Tsukuba, Ibaraki 305, Japan,
‘t 2. BHEEXFE I T390 BRERWAT1 -21-35
Faculty of Science, Kagoshima University, Koorimoto, Kagoshima-shi, Kagoshima 890, Japan.
3. HuLoEWae KELEEEE T 305 NG IIHER G e
Water and Soil Environment Division, The National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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1. LI

ATP GHilardRilBEEBATH AR, A TEESANGINTE Y, WL HEE 5
LT3 e L —EMER - T 305, BENEWLL, MENHEEREtsE(LEZTrng,
HRTDEF[R OB EZET S EELON D,

Holm-Hansen (1970) 4 O 7 7 ¥ 7 b »KE~N7 F ) 7L 20T, HEFEHED
exponential growth phase T, FHERE ATP O (C/ATP) D250 T—5EICil » T b
CEERLA, 1, Paerl and Williams (1976) £ B OMAMEBE I DO TC/ATEN ML —5i
THALEH5HE LI, —7F, Paerl & (19760 @27 0o 7 4 a/ATP DA, £ OHORS
FKBTR—ETHATEER L, HoR N OOEAIER L LT biomass DEREHEEHEE L
LD EHATHA,

L LAMBG, BEFEGOBICHED ATP BOEFZERT LM, A2~ E DE
REOTETDCEMBBRETH S, ARFEFIOBAL D, Miaf ATP ROLGH %I T
AT, MR - B L OBR AR S ATP Ok EkT 5,

2. HELHE

TRRIERYE Olisthodiscus luteus I3 KERGEDN#E LY, £/ Prorocentrum triestinum (35178 #5
LDSERL, 58, WELL L, WP RSIRE TIEE, RIS L A TAKEH A
SP-T-MZAR:,

HBITREE20°C, B 4.000~5,0001x, 12WR4OAM, 1285EIRE I T - 12,

ATP DRIERWDED TH L, 1.6m] OFFUEFEAIZ 0. 1ml @ 2.5M HCIO, =INA, 10578 £
b —20°CIlIe 21T D $ TRET 5. REBOERMPRT LR TR L, 05N KOHTHh
i, £ O L#HICOT luciferin-luciferase system 2 L2 UM%, arsenate-MgSO, Z & i Y VB
g, ATP photometer (KEF 7/ o o—-##l) 2MOTHlE L,

ADP, AMP®IERIZ Strehler (1974) ©FFEiC LD, MAREBEHRILIC LD ATP ICipfix &,
ATP & LT LD EETEEL 2,

3. HREEE

1 Olithodiscus luteus OEFLBIRICET 2 ATP, ADPEIUAMPO RO BEEERL
1O TH 5, HHEANOER: (FRil0~118) KEBEFFERL TAE L. ATP B, @i
O EFETLTHEML, $IERoMD L L Tu 5, COFETEGES S, @bl
Ho ATP BREIMNED —IETHE L EMbL D, COXICHEALTRABY, Mo EnLaE
TR ATPRIERMEERLTRY, COfEd, ATP BaiBlfEF TrREEshic k51,
biomass DEEDIRLIENGH T LETR LT A, —f, FIRICAIELZZADP, AMP D fit&
ATPH & OBES S, MoRBEEoEBERH LD & UL, | B 1 EDEFTIE T TR
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HLRIR I B ARBEN O S ORHAES A LETE IS o,

YT, MR ATP B8 &iEBOZE L CERM L TH 3 E I D EAN L i, B
SO ATP S0 1 Hic kit 2Fm&(LERAIE L, M2IRASHE XS, F~i 28
DEEESRENEMER Ui, U013, SHMLIR LY, 15~17TMicRAMEERL, £
DEHWOBFOF I AL L RE(RD L, TORBSTICEESD, EEILSHUR LS 5. —H,
3 i3 OB EEIT LMo ER L TO 5, 2HOBEE MY THEV ISR,
ATP i K& (AR T WHOWM TR MR Z <, FHDSBEA LR LIZ U, B
A - RNBHITE T 5, INGOEELS, FHATR SN BES LD ATP GoRDEm
MM HES 5 b0 bR, —F, BB 5KEQE ATP ROEHIE, Cho0HHAL
BAd 2fhd 7 — ¢ EHES U SR, BHEOT > |EHEENE L BEMSH 20 TiEE v LR &k
(FWMEFICE D AU DO 7 -2 BB), $4bE, ATPEVEREETT 15~ 1T,
BBHBEAERBICEH » TERICHESEEIT, £ YEBILRIET ATP A4 U THp G
HBELHEEAK LT b0 EEbON S, B AZKERGTH OIS TR LEUD S, ¢
OE Y ATP BORD E—H LT AL S5 cEbN S, UL, ATP B4 H5E LK, &
EEBM AR LN S B L TR OO T, SEERRCHGEOMEEITOREL RT3
BENE L,

CLEDERD G, A ATP REHMOEMETOE(LICH - TEBL T B LHMESh
Too BE- TGO PMROLE GETICERT5 2 310018, ATP BOELr Sl R
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Fig. 1| Daily changes in the cellular adenylate level of Olisthodiscus luteus under
culture condition
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19. BREFZFEROLCHIROBEBEETIL

Numerical Modelling of Tidal Current using a Finite Element Method

OEEFHE A

Masataka WATANABE 'and Akira NARASHIMA'

C: 3 =

BB ARICHE S ET - | BEFVERBEERELHCTERL, okt
B RO T VERBRET o/, BRREL LT, WYy E - MMM oEs L,
CCTOFEEAGHE (M, S, K\, O) OFfUa5E44, V3 al—v s YEERE
IR OHEERNE, £FoFAF -5 GOARKD) XL, BRENTE L FR <7 b
WRHT ATV, RO EHIEWMAEE ., COETF ML LINBOoRFEO T 2 0 F —
Leiwld, TR A SEfHEoMERe L CEHRLTEY, #iifiHLSERNo s & FE
FLObOMELNS, L LFE4SEEL SR L CEDEicEVT, =
FF @3 EHMoTNID BEL, HhEARHSEHBEORN P, BRI,
MERICERT 2L B0A2ERAEOFRNIRER LT,

Abstract

A numerical model experiment of tidal currents in Tokyo Bay was performed by
using a finite element method. .

The boundary condition was given as the variation of the sea surface elevation
composed of four tidal components {(M,, §3, Ky, 0,) at the open boundary of the
one-layered model basin.

The following results were obtained from a harmonic and spectrum analysis of
the current velocity calculated by the use of this numerical model. The energy
density of the velocity obtained from the numerical experiment coincided with that
of the observed velocity at the corresponding mooring station in Tokyo Bay within
the spectrum range of the four tidal components mentioned above and the tidal
ellipses were almost equal to those obtained from the observational data. But the
energy density did not reach the observed level in the other spectrum range as the
model did not explicitly simulate the flow of higher frequency which can be re-
garded as turbulence, nor the flow of lower frequency that might be attributed to
wind-driven current or density current.

1 FraFsaer KELEREE T 305 KBRS maRdr
Water and Soil Environment Division, The National Institute for Environmental Stadies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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1. BCsHIC

HRORABHCARI NS BROERBLERR, FRYEo AMoBANEOERIES S
ho &b, MEOEHEORS, ABLoTRBROMS, KEEDRS, RAFIIKICLS
BHRE~NORBOBESFTORBEMCOBRESN S M8 0, BROMBEKE, By, #
B, XEFEFOIMBEICHE CEREZGA0E FnooBREEENICRET SHEMS
@, EMEEIZE > THROGEEANTERO —2L 045, BROBHA TR L T 3ERE LT,
M, BRI, WA, SO th o ERRNIKEEShHERESE T ENTE S, BHiC
PHEHPED SO HRICE W T, B8 - R EBRRA R DO E S50 b - THIEHEHIER &
NTHD, sl LAERTERSEERES S, BN LMRIEAS SBT3, ChoiREE
KEF 2PEIHRRSCERL 2 204 0HNOXARO B RESRM, HHRE4AZHM LY
P, BT ZNENE S,

EREEGEBERC DO TN ST S BE, SEoMEMESRR T3 &, &5 cFBoEik
BERTHLC &, REBERSBHZERMIC DO TERT 3 s Lol Lo Bt c s i
L5, COLHENTNOFRARE LR T A= 7 VAR L, BEAEELONESE D
B LTI L L ORERSBROREEZBRT 2 LHRAERLEVEFRLL TV S, ¥
ZUTONTE KRBT vORESL LTHR, BRATEA%Z{LLTE Finite Difference Me-
thod AL oNTE . COESGEMBFE/ S EoB & HESRENELRRTELWES
DBEV, FEEBICE ) AHEHRL LD B (EB4 555 L LTFinite Element Method (5 TRE
ZH)OGRMBE A O T & /o Watanabe and Connor(1976) {4 Finite Element Method % #07k
iz B 2B oMEICIGE U, $ 74 Wang and Connor (1975) (3 Massachusetts Zic & 55
BOMBICGHALEIL TWa, 22 TRETRABEODOEYHEE L Db, Wang and Connor
(1975} ic L DRV SN BEFEIES Ulosk R, EHRAER % Weighted Residual
Method IK & DHE#EARH 2 HHEH, RREOMYWHBINEIT -2, CoEFbic LbiE
bhd¥ialb—YaERE, EYERCE -TEELNHRELAEELBLL VLY, £0
ICABREZ NS, SEFY Loy o RERERTENNI R net flow GEFHRK D) OMBIR
KHOACEPERETH D, ¥ ialb—va VEREIAPHAE S LB L FroiattoRr
T -1,

2. Model Formulation
=@eoE REARCEBEAERE, BEAEII hydrostatic ZKEL, KDL HRGE S
#14 (Wang and Connor, 1975)

dp & 8 8 B 3
T??JFT?_E(”“)J’TJ;C”)“LE;(””’)“Q (2-1)
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3 8 P
57 (pud + - (au®) T gy (AU o (puw) —ofv

ap a a
_‘;E + (TXX)-E_ (Tyz)+ (Tzr-) (2_2)
—(pv)+ 9 (puv)+£—(pv2)+—aa—(pvw)+pfv
__9» 3 _9 9
= 8y+ (1, +ay(rny+az (Tgy) (2-3)
ap
0O = TG P8 (2-—-4)

¢ |1 source, sink.
LeTu, v, wigxr,

Y. dHEOFRELST, T LT o idfikd I, fid Coriolis parameter,
pidES, g 3EIMER,

T;, (3 stress (viscous stress T Reynolds stress 2 i1 7- 6D),
o=l - op<lul wi> i, =123

u} 13 turbulent velocity fluctuation @ i g4y,

z PF
L

WW

e

AW

K 1 ErHEEROBK

Fig. 1  Schematic view of tidal flow system

BHREZHICE T kinematic condition AT 4 5.

Dh_(ag 2 ay

WIZ¢U=W—[‘—8-—£+RB—A"+B'6}’ (2“5}

[6] U <& ic 34T kinematic condifion 2353 5415,
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M. Ay (S L
z=-h Dt ox ay - (2‘6)

Ad#ifis & CEAOERAN SO EEET AL, EHEE (2=7) LEM (2=—4) icH0
T internal stress (JRD L HITHEPTE S,
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s / /
/ s ! d
;0 Tz J !
/ / on
s / By X
/ '/ n
& 7 I/
% ¥

-_vaT.ﬂ -:537
0= 5 O% 3y
ag\? dn \&
2 <<1,(—aj)<<1

B 2 EETOILAEZOES

Fig. 2 Surface force notation

ri;[g r,,x—z%—rﬂ%—%ru]z:v (2-7)

:r;:__-[— r,y—g—z—rw%—r%z:n (2—8)
ri;[rﬂﬂJrfyxa—hﬂquj (2-9) ]
, dx ay TR

Tif = [ﬁ Ty % T Ty % - Ta]F_ﬁ . (2 -10) §

LT, T, Ty BENLHN wind stress D ¥, RS, T2, 1”} d bottom stress o x , x EY% 7
(2—1) ~ (2—4) RAERBEFFAICKE (—r) po5KER (7) TTEIEITE I,
(2 —-1ryxLh

Jﬂ? o dz J‘n LACL) dz +jv 9 (po2) dz +fq——a (o®) dz =J‘n edz
ax i oy _,, az _n
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S IR TEA N B Leibnitz 28205,

K] J-hz(:;rg) ah
— Flx nx)dx —f f '
G2y d iz, HE S : X ’hi 81,
8 (7 ag a7 3y 3 (—h)
51l ete et i), e de - lv I T
a v a7 G (—h)
. + — pu)da —pt | ——+ pvU + o - pit =
¢ 5], (ev)dz—p |55 | 55 | —ew] = e

kinematic condition (2 —5), (2-6) £FAVALHEARKES SN T ERNES

. ﬂél}
d0H
S Ty (P90t (00,0 = (2 1)
LT
rl'
H = dz = h + »

TLT g, [FHAKERY ART 5 A RS D oA (B & kinematic condtion (2 —
53, (2 —6)3% k¥ dynamic equilibrium condtion (2 ~7), (2 —-9) ZH VT x —HujmE
FEARES (2 -2) FHEAREESEITI &

_Cl_( 9 7 2 d a 7 d
57 (Pda0 axL, (putydz + ayL, (puv) dz — pfg,

9 [ d d (7 d
= - — — R s
ax_r_hP2+ f Tyx z+ayL T2 F 7y — T

gk
b pa—
+ P ra (2-12

" o

- 67]
s____ L
P ax

EH oG p, EEBE A TREL (6=p,+ Ap, tp€ p,), Z5IC Boussinesque iT
134T 5, FEAIL hydrostatic pressure s HDOET & THT L ERATELON D,

n
K 1

oy = [ pdz 5 pen?
- 2

— - 8"+ P H = 0, EH
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=%-%gﬁ4—%ghn+%—MgH2+pW{ (2 -13)
X oT
7 1
f pdz = p,Fy +— b, 8A*
—a 2
Pt = pgH = p, 8h + p, 87+ bogH
Zhi®
84, af” 2 af” _ __9 _
51 +ﬁ ” (14 dz +?; ) uvdZ f(]y = ax (FP Fxx)
s T M ) | ok 4o . 3k B
+a_yFyx p—o(fz rz)+p0_8;+gﬂax+F;gHE‘_ (2 —14)
LT

7
LRy :fk Ty A%

Bt ¥y — RISV T HEREABBON D,

adq, @ 7 7, e,
51 + axf_,, uvdz+ayJ:h vidz + fa, = P Fiy

7 1 p* oM ah Ao
— — B A R S L — .
3y (Fp— Fyy) o (3 — %) +-Da 7y +ano,

convection ADEBE R4 5 L TF internal stress 2 EF LIS N4 544, Wang and Connor

(1975) RFEEE U, VERD L HICER LT,

U =u+u = (u+a)+ (u'+u”)

v =ov+v =2 +2)+ @+ ")
ZoT 4, v . ensemble average
w, v’ turbulent fluctuation, <u'>=<v>=1
w,v = 4. v OHMEFEE
w' v W, v OREFE
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2]

s

vl ou, v U, v ho0ER
wh oo’ ooul o' w v h oo
LT () IHEEIERT,
convection i U, V @ ensemble average & T\ 2 OSEFIST 1T ) LRKEEH S .

qz qy J‘U TR LT LAY
dz = 211 W' + 'y
— . (< + > camptet # Y Vdz

<U>

% ansemble

HIBEATHO RO 1 IHid turbulent Reynolds stress ©& 9, o 2 it #A B #i 3 5 i & 2

momentum transfer DIFTH 5, OFHIERTAFEHFKICE ~TER4 2BERRBEED L C 5
FHEHT, CCTR—IG “eddy viscosity” E R OTHERO LS CRE LA, b

A rj‘,i.,, P
Py =[P ) 1023y 41 1]
ag . aq.
= E,‘j —_q'l + q‘) (2_16)

81"‘ ax]

LT Ej; = eddy viscosity.

PlEXOBRBEHEICES L, BEEE(LZE LT0HA0MEHER, SBRFEXRro LS
ZHZ ot b,

a 8 8
6’?+ (g, )+ (qy = q, {(2-17)
aq. a 7] )
6t+—*—(uq,)+ (#g,) - fqy=—a(Fp—FH)+-a—;Fy,
_ L g oy, B 8K L L L _
pa(rx T‘HE 5r € G T H— (2-18)
84, 8 , — 8 _ 8
a7 +E(Uq¢)+a—y(v(]y)+qu—aFU*3;(Fp—Fyy)
1 ) 6k ho . Ok (2
— 1 (s LA LS 25 - —19
o (ry—r1h)+ ) 5y "85yt - Hay )
LT
u = Jx
H
7 =9y
H
s .
sz—é gnt + ghy +% L2 g+ Py (2 ~20)
/] /]
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EfTo shear tP i3tk k Hic5 2 503,

L g,
th= Cro, (4% + g3)° g
(2-—21
+ 4
T4 = Cro, (g% +95)7 %
n2
LT Cf = lg
H
JBic k5 shear ©° Bk LI ILH SN 5,
T = pg CpWid (2 —-22)

CCT, O = HEXADEE, W= KB LI10m TOEE (m/&), Cp = wind drag coefficient T
RATRINS,

Cp=(1.1+ 09536+ W,) x107® (2-23

I - TSN

(2-11), (2-14), (2-15) KEM 2o, TTHMI=0kB0T, ¢, 9, H D
RS REL S hE RN sy,

BARFGEDOTER IS0 14 7Thie b, ¢HHLHEESL LU RIENCHET ABARETH 2,

1)  normal #7243 tangential HFR% flux (G':, Gt) MEEIZohb,

Gy = @y dy + Ay 4y = 45 (2 —20)

G = =gy @y +np g, =4, = 0 (2 —25)
H 1L x, ¥ component THET LS

*
e = UpyGn — Zyy 9s = 4y

*
gy = Upy s T dyydy = gy

TCT @y = cos(nm, x), dyy= cos (n, ¥), MIHFHE TNV tangential flux ¢, (2
L7, # -»T land boundary KBTI q:= C. ANFA, AlEERkmEA LT g, =
g, BEASNE,

2)  normal ¥ 72id tangential A BEIDILH] (F:. F:) BEZ LB,

For= anx(Fxx_Fp)"'annyy
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s

(=

Foy = Gy by + @y (Fyy = Fp)

Fus ds Fuy ds

(Fxx_ Fp) dy

9 --—-.-1

Frdy

Fey dy 7,
1

]
(F,,— Fydx
Bd 3 BWRCBHAIGHEER
Fig. 3 Boundary forces and discharges

4P normal & tangential force (JEMIEMRICIOKD L 2 LB SH 5,

Fan = pyFyp + dnypny

— ) 2 2 _ 2
- aan:r_ flf:'z:ch B annyy+anzannyy+drxyFyy dnpr

*
:_Fp+“n§Fxx+dniFyy'*'zaﬂxannyy:Fn (2 —26)

Fns = - dnyFn:+arerny
By Ty (sz¥Fp}_dﬂ§'F:ry +aniFry+anxaﬂy (Fyy_Fp)

= (ani—a,,f,}F”+aMa,,y (Fyy_Fn)=Fs* (2 =27)

bl %, ¥y component TEEHZT LS
Fay = @y (Fpy —Fp)+y Fyp = F,:f, Foy= Cuy Fry + @y, (Fy— Fp) = F,;:
HERHNIC LIS IR Fop, Fous 25ELETE, HBICHRBANETS D, MR 258,
D B ENOHREE Py OANSREICEAB5, L »>TCC T boundary KELTH,
Fy=0 &ET B, o » USHFERGEMHLELTE
*

Fan = Fn=—F, OHHBEBIOHB, (2 ~28)
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3. AREZRXICLSHERRK

3.1 Weak Formulations

BTED TR &N 70BN RSy L7 B@ R R L Ul b A HREREE Ao TRt
BEITHO50THED, LI TEHEREREDRTELHMD H Zweighted residual methods % AL
TR % 1T »72. weighted residual methods (4 # BN AR TEOMBET B L UEASEICHE
AulfeTch A8, D (n - 1) BESOEEHELER S QER STV E VS NERGEE
L, Mo (n— 1) #Wa kD E0EC T 4 EEED A %74 “weak solution™ %3z,
O T &0 uniqueness & existence ASSEHT L/ AE 7S “weak solution” £5.% 2 weighted
residual methods O—HAERIC 20 TN, SS iz FoF#FE ~DEHIC> W Til~3,

&d X 571 second-order equation %# 3z 4,

L(uy =4 ,+u—2=0 (3-1)

C I T L {3 differential operator.
BREGE LTREDOLDE v =0, 8k r=1 B8V TEZL,

w =/ a x=20 (3-2)

u,= g at x=1 (3-3)»

trial function # i3 essential boundary condition %/ E ., test (weighting) function W {3 es-
sential condition > homogeneous form &R LI hid M 6w, dibh B REREL LTk
mELZ6h B,

4=/f a % =0

W=10 a x =10 (3-4>

R T4 5 trial solution %% original differential equation (3 — 1) % X F natural bound-
ary condition (3 —3) ICHAT AT &ick - T4 0B error measure (3, £ residual ¢ &
test (weighting) function W & PR (inner product) ik > THZ ShE, +HbL

Error measure = < e, W >

=I(u_m+u—x)de+](g—u,,,)W| =0 (3-5)

1
woic trial function # %5 & OF weighting function W#S/E4 4 function space D3 X fTA S0
Boph b BEEAE LT, (3 -50) RTHA oNAMALHER (finite) THALENHL, COT &
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fa

£ T hobds un HLUW 3 WP (Hilbert % 72(2 Sobolev space, J@H L, L FTICEL,
PR & D & DA square integrable TR NITH S0, §4b 6

wel, > |w| = [widx <o (3-6)
a

El#ic trialsolution # (3 W,®ic/g L. # ¢ second-order derivative s square integrable T 73
Fhidiasisn, $ubb

news > un f(u“ruz +ul) dx e (3—-17)

L#: 4% » T trial solution # 3 X OF first derivative # , ZEETHINELSH G, (FNZHO
space & FMdEEICc OV TIRE 4 2 88)
trial solution # ERAN L first-derivative F TOMFENAEH L, FEFICHD existence &
uniqueness 3 {RF§ %, w3 “weak solution” R 3 T LIC L O EE AL ELBEERD B,
Tt (3—5) REWIRSET L, (3 —42) %KW A & Error measure 3RO L HG
% 54, function space @ order A {E FXH 22 EHTE 5B,

Efror measure =f[(ufx}W¥u‘xW.x] a.’x+|g]z{/|,,;1 =0 (3-8

(3 —8) Rk DIFS A4k Sic trial solution &, 43 X 7F weighting function [¥¢4 W4l space iz
B L. function @ b DA THOE LV, THLE

w, wew's f(é“r w2) dx <o (3-9)

zok3ic u EWém Mo ues Wzm {z space R it kD (Wz(z' CW2 5 LB existence
(FFTE) O space 345K Uize L L Z D trial solution 3 unique T 574:& D A3 FRIE DR
HThHAh, DELLLABDTEDL SRETURGEEHETHLLEA b,

LD &) REETOERSRBSID order 2 MAHAICLDET S 5T Lic L DERD derivative
OEEO N ESESERIS Y, X 5iC trial function # & weighting function W% [R]L function
space X 1 32 0¥, B D existence & uniqueness &% /X5 YR AH L, WS “weak formulation”
o DR

3.2 Finite Element Formulation

g ciix otk E, BEARICHS Lol r iR (2 17, #@gharE (2 -18),
(2 —19) RUSRSGH (2-24), (2-25), (2 -28) il L. $HEHEICHS LBy
£ 7@ weak formulationz 115 _

iR (2 —17) @dRD X 578 weighted residual form ic&ffiash b, (DL CTREE
B—ELRELTHE),
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a) #
r\1 Discrete functions
|
I ! W
— 7
X “
b)
‘ B, x -
First-derivative square
integrable
/{ r\ qu)
‘ | 1
L/ B * D
-z x
c)
u
U
x x
Second-derivative square integrable
W
Y xx : .
PA%E 4 35 LU u,, DITEER
r/ i
1
I I : ;
| | ¢
I T = S W oW cw,¥ =L,
v
B 4 B # ®
Fig. 4 Types of Functions
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oH a a .
ff[‘aTﬂLE(QI)Jr.a_y(qy)—Q;] AHdA= 10 (3-9)

(3—-9) L0 H, ¢, dHEL,, BLT g, q,ewz THETLENDHS
MEHRAREI (2-18), (2-19) RUEFRss (2-24), (2-25), (2-26),

{2 £ 5 75 weighted residual form e Ttz 5,
aq a a
fo ff[ : +k (0g,) +55 (uq ) — fay+E(prFn)—@Fﬁ
_1 L] _L Sﬂ{ ﬂfl — i}E
+ y (ri—11) o (p 5, P APEH G —gno2) dqdA
*
+£[anx(Fxx_‘["p)+anyFyrfFrtxJ AQde
-
*
+j; (@nx Gy — Lyy & — ¢, ) 44,45 = 0 (3—-10)
q
2 a a
H( L. ( 9:) + 5 (vqy)+fq,, a—ny,Jr@(Fp—F”)
i_ s b _L saH - 8h
+pa (5 ~1%) 7 (p 2y " 4p gH ) q7 yldqydA
®
+f (pz Fay + Gny (Fyy=Fp) = Fay) 44, ds
Sr
*
+‘f; [“nyqn'l'dnxqs_qy] Aq),dS: 0 (3-11
q

Internal stress Frx, i€ (2-16) X&xHLAd 2L,

(227

ge, 4y 13070 & S first derivatives T

BOTEERTHY, @ -T g, 9 eWs® ThHALENH L, —F weighting function {3 49,,

4q,€l, THY,

DL HTITI,

d 3
ffta (Fy = F) = 55 ) 4,4

an

- [aﬂx (Fp_Fxr)dqx_anyﬂqux]ds

SptSq

- [[cr R0 5 900 - Py 4000 d s (3-12)

0 a
ff[’ ?J:‘ny +3__‘V (Fp “Fyy)] Aqyd/l
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trial solution & weighting function 23524 % space IC/Bd AL LV 5 7 v s3 5
A LA, BIETCl~I & 5 ICRERMATEE LIRS T 5 ¢ Lic kD “weak formulation” %



= [ Ry (FmFy)) 44, ds
.S‘F+Sq

—ﬂ[—ny%Aqy+(Fp Fy) = M,J A (3-13)
(3-12), (3—-13 % (3-10), (3—-11) itft AT B &

8 1 8 H
H{( q"+——(u4,,)+ (uqy -fa,+ (r‘ ri)#;;(ﬁsm—

ah ah 9 9
+apgH 5 — g1 57) 44— ((F, —Fgamx—ﬁﬂ—@am}m
*
_f (lne (Fa— Fy) + @y Fyp) 40, ds+f s Fy 49,48
S S
+f [dnyqn+dnxqsgq;k:| Aqy ds = 0 (3—14)
Sg

g, 1 by L ps OH
ff{[ o O (500 cvqy)+qu+ (BT (g

3h
v dogH " )—gn yJAqy—th,,a 40,7+ (Fy ~Fp) o= M,J}dA

*
—f [dnxpxy+aﬂy (Fyy—Fp)} dqya's +f G-',,prdqde
§ ) Sp

q

*
+ (@py@n+@yy ds — dy) 44,ds = 0 (3-15)
Sq

S, boundary KB T flux ¢, ¢ HELSNTWSEIELD, S boundary FC$5L‘f£i
weighting function  dd,, 44, =0 THHNEA G S boundary €350 THAEEN
BREME LTHABATY BHSE, (2-20)RLDF £ROBT LHTE, F, =F 3% 1T
B&EfB, -7 (3-14), (3 -15) RKlcHBF 3 5 boundary ORI weighted residual
SO T - TREMITIRO L S EHRFERD weak form HF LMD,

0

d
{05+ (Ra + 5 (Fay) = Fay e - (h ey = Lo G
+ dogH S )— ) 40y~ ((Fy = Pa) = 40, Fya d
o8 &n dy — b wl 5y Gy yx?; dqx]} A
=0 (3 —16)

ff{[~i+— (vq,)+ (vqy)+f¢,,+4(ry—ry)——(p‘ af
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»

ok an . @d a
+ dﬂgHE) —g??a—y] 49, — [(— f‘”a dg, + (F, —Fyy)a—ydf}'y]}d/l

=0 (3-17)

weighted residual form TRHN @y RO BRAREN (3 -9), (3-16), (3-1T) &9,
trial solution K, 4., ¢, ¥ &£ weighting function 4¢,, 49, {33 ~<T space W{ViC & L,
test solution 75 & UM weighting function (dlBE TR AUEE S0,

oL Hiz LTR o E IR %, BIREH#E (Finite Element Method) W TR %
K5, £MEERE element &I 5/ (subdomain} i 38 & 4, £HETND element iK &
TEBEE L) 13 element WM AL EIA (polynomial) ik BB &N TED, H->TH
clement S LOFTEERGE LI LiICL ~ TRHBICBI BMERD B EMNTE 5, (3-16),
(3 —17) FUTHBWT,  trial solution B weighting function B TR ER SN LD
G rmL T 2k GMELHOREMAE, RICRT L 278 linear triangular element TH 5,

e = & 65, + 505, + @, =0 (x » @t (1)
gy = 6@ + 505+ Q5 =0z »QY (D) (3 -18)
H = §H} + HHY + §HS =2(I, J’)ge )

LT e’ (delement ®F node TR BEET L, &, BEBR{LE NS element DEEER

(0.0,1)
(24, ¥3)

x

5 FHR{bahs element HEEE

Fig. 5 Normalized element coordinates
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¥, yEEASERIL SN AEE~OERIIRO L Sic5 A 15,

1
& :WCA?A,"F&,‘I“‘ a; yl
[arard
@ =1, — %,

2HA; = x; 9, — Xy

1
A:?({%az_bzal)

(3-20)

“

R (3 -9), EHEAABENR (3-16), (3—17) i (3~18) KA A L shape func-
tion (¥ #-i3 interpolation function ) @ & nodal values iT & » TEAERE BT 5, wgEHE
I (3 —9) BT, FFIC system coefficient matrix - 1E D #17%) (symmetric positive real}
LT LBt AN gh R LD LA T A, 2B TORD 1T 3 43,4 element

¢ TORMZIT 7%, & element 1 LOFSOBIE L BC LICLDERTE 3,

E] 8
ff[gh FTa gh —— 97 (%thg;(q,,% gha) 4HdA

NUMEL

<> [ o (eom 02 g om 52 g
i=l

+g<a>h> “—g(@oh 0Qi) dA

8y-

NMEL e, aH%
= 3 UHST My

=1

PO QY ~MiQr ) =
ZZ7T NMEL =4 element %

:f 0T (0h) 0d A

s T

= [ sor@h 9. aa
A

ifggf(gzg) 0,44
Aj -~

(3-20

My, G, Gi I3 element matrix AL, Mi 3RPHTHl. (3 -21) H%4 element i DT

BIAITV, RO L 97 system equation #1585,
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an

oH
My 5577 G+ Gy @y~ MuRr = 0 (3-22)

CCTT, My, Gy, Gy {3 system matrix 2% ¢, FRCEBRARL c20Cob kDL 5%

system equation %85,

)

i _"”a% CLIDt Ex Qi By @~ IMQy = Py (3-23)
a

M a%y’g.;.’ZJ’gnyx*Enywa{%Qx =P, (3-24)

T T T element matrix T# L /- coefficient matrix (3RO & H i EH 5,
M= f o" @dA
id , ~ ~
gh=[ (Fholo.+ BL0l0,) d4
A

Eir = (EiNT= fA E:0%, 0, dA

im

h=f (Eh030,+EL0%0.] da

1"
[t

~ T Al [y

Al’
':f (-0"0.Ch—0"0,C), — 070T}
Ai - -

+ CioTo T + L @Ta)Ps'wa"+—g oTO A4f OH D, A
R T 2 e e 0

~ 2o
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q; 4q;
C|j=",TJ t, ) = x, ¥
s T3
I~ 0T, =0T
o, T P,  ~~

1
ta
Coz v a3 S =075, (ai+ 950" =075

2}

LI L TERERBEZECICLEIRED (3-22), (3-23), (3-24) KeH5isn
ABEOUGIERBEHSFESNB NS, 6% RungeKutta BEICE D BN $IT . B
EaT B oEEdit & LT Courant-Friedricks -Lewy %z, 445b 5 .

4x
J:QFF?77
C =4 g

4 BFRBILBEIIWYRLIav—vav
BRI R EA60km, 8#34km, FEHEH 1,000 km®, TEHEKEIN0mM ThY, SFEEOH
BEAREBRRETARFHEICGEL > TH 3, FORBEEINE km & B <, BRROEHEREV TR
dhd. HFEEBICHATSENE LTILR, Fl, s, BEI, SNl gRISHHd o0
%,

BATHREH LIumnE, FRNGEIETHD, £{0BKRBAPTOATE:. 22 TR
KeicnrLickric, BrE-MBMEsABLOBRBLEEL, (oBA LKEREGL LT
Mz, S2, Ky, O\ D ARSI EGZ v 1alb— v s VBT - fo, BT B —IBE TiHE0 F
NIBBLEAERVDT, BrETEONTO 2@WORMEREH VWi,

£ 1 EyRICEHIEVORMTER (GLERFRBHERIZLE)

Table 1 Harmonic constants of tidal flow at Jogashima .
M, Sy K 0,
& 1@ (cm) 38.0 17.0 22.0 18.0
P ) 136.8 161.8 172.4 154.4

BREZHCTHRFRERALY, ARBEOBTEHA 7)), thFhoBFALEVTRE
BEAE D, BAK (FAREAKA) B, CoBRLOEAE SHKELDM,, S, K., 0,0 4
SEOEEOMNIS T Ltk & LTHEAET -1, HEIRHL LN A5 4 -5 ~ERICFET,

4t =505
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Cr = 0.006 (BEZDM, FHkZE = 0m & LT
Ew= E, = 1,000m%s

w = 0.0

FNFEA = 0.0

307

F20°

Mo*

30 & 50" 1400 g

B 6 HEERE, EREERAHL L CENES L 2O EE 5

Fig. 6 Prototype of Tokyo Bay
The broken line corresponds to the open boundary where sea surface elevation is
given as a boundary condition
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SCALE KM

g.00 5.c0 10.00
— 1 1

B 7 FEFrBd tHEEOFREESE
L el iROMBETRS.
Fig. 7 F:‘m’te element discretizatiqn of Tokyo Bay
® Corresponds to the location of Daiichi-Kaiho

PGS LTHKIRE, 3808 U=V=0, 1=0%52/, BOcsd 58uEH0ER
Slbd, GRS S5 5L, FHEABMNICESHUBIENA S Ltk b, HEREEEE
T4, £ THBRER | BHiflico>v T, AMEEREIC{ 1 ~cos (t/T)}, T=1(R)D7 >
78 —Hhp I bOEBREMRE L, H8ic, HRFMOPRIBICELEST LS | BiE (FEie>
WTIEHKTERE)Y s 280 BEEEZNETRT, 2250, Rl & EROBIERLD
SR LB, BN 1HROALED 7 » 75 ~Eb kD THE, Thickhid, #hi>
VT, TORE, MAESRECHRBASATHET b,
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1.60 2.00

1.20

an
i

G.

0.40
Al

Loy

q0§. op B00.00 1000.00
T K SEC

-1.20 -0.80 -0,40 _0.00
L 1 L

-2.00 -1,E0
1

X 8 B mEBEfficEgsioiEl GHR) SEAE BRR), 1 LEEd
My, Sz, Ko, O REMIONOALFRT

Fig.8 Variation of seasurface elevation at Daiichi-Kaiho obtained by the model
(solid line) and the observation (broken line). The latter shows the sum of
My, 8,, Ky, 01 components.

RICHBICHEAT 5 BREEERNTE LI, FERERUEED, TSR, To#— L
BLfEE, CORIRGEE:, RO TSR B AFES 2 b vOSHEENEARI, 10,
1, 12icRd . Crucknid, fulld, \B5N -ERRMOoRERBRRTCsCT, hife, T8
BRICid 1 (m/s) #BABFEDNEL bbb, £, BHFCEVT, —20OHKHS TH
MBE—CRnT s, D D ERT ABEMERICL VBRI Ehbhhd, 5L, HEOHEE
BTOREEORIICEH ARENZ brOBHRHLOTLETHEAMEN TS LBV L, L
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Fig. 15-A Time series of the east-west component of the velocity obtained from
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Vertically Two Dimensional Interpolation of Oceanographical Data

KRIEHH wOESE

Kunio KOHATA®! and Masataka WATANABE'

E B

WRLD 2RTEF—sHICER 774 YESLEHWONTWE, BFREF -
SOMBELHRILOBWMIE A7 24 YEXERTIES, RBEF— 0RO F M
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L AUEE R, EMREHO/NENF -2 I/ LT, ESicL - CEEAH
HHEEER W EESC L > THHESEEL, 2754 v Lo @7,
B 21597,

Abstract

Two dimensional interpolation was made through a modified spline method on
the basis of anisotropic data such as a vertical structure of temperature or salinity
measured in a strongly stratified bay., These data have different gradients along
horizontal (longitudinal) and vertical axes, and it is difficult to interpolate by a usual
spline method which assumes isotropical inputs. In spline interpolation, the number
of iteration is finite because of computation, Under these circumstances the accu-
racy of interpolation is affected by initial values,

Initial estimations for the modified spline jteration were carried out in two ways
according to trends of data. In order to interporate the data with strong anisotropy,
for instance temperature and salinity, initial values were given by two linear inter-
polations; first along horizontal axis and then along vertical axis. In order to esti-
mate the less anisotropic data, such as nutrient and chlorophyll, concentrations were
averaged with weights defined as a function of distance between data point and each
grid point to estimate initial values. This algorithm affords sufficient smoothness and
fitness in interpolated data.

L ESragdiam KEHEREE T 305 REEHKESmEgLT
Water and Soil Environment Division, The National Institute for Environmental Stadies, Yatabe-
- machi, Tsukuba, Ibaraki 305, Japan.
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RT534 VEDT 77 A DONTEIRHE TS »tEHI AERAAOESELTHERE, NEKE
IAtgtie, FRBEEARO T B 75 LK20THERTE ~LRPBERCECHESRLET,
# 1 BURRIERORB 21T » T N SR BT RS RO SIS - FATIETRCEH L
E
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B A X ®8 o

TS « SATLAT (1979) : A 75 4 VBB e ToER, KELE.
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21. FREREEA Olisthodiscus luteus (D545t & IKE

Spectroscopic Characteristics of

Red Tide Algae Olisthodiscus Luteus and Water Quality

H o ow H

Tadakuni MIY AZAKI!

E B

EHEICBOTHEMSE XN/ R BIEIE Olisthodiscus lutens D4R A ~7 b
WERRGEL, ) E- ey SIS HRMBHOTROT AR L, BEE
MOEWHREREO SEH A <27 b AER, 400~510, 660~ 670 nméBIR T
I OHINO L B OB AR L, BEEPMOECEETIE 400 ~800nm fAM T &
WTIEDHEBAER L, CAGDERDPS Y E— bt vy 7T X 5REEREOENY
BOHANIT DO TR AT - Fe

Abstract

An attempt was made of devising a method to represent activity level of red-tide
in water body by remote sensing techniques. The measurements of spectral reflect-
ance of different activity level of Olisthodiscus-liteus by high-speed rediospectro-
meter showed significant changes in the wave length of 400~510 and 660~670 mm
region. Cell number of the highly activated red-tide correlated inversely with the

reflectance energy in the region while low activated tide correlated positively with
the reflectance intensity in the whole region.

1. RL&IZ

FEE, ATHBECOHYESIc L3 = b v ¥y FHffic L 0 ksONE£ENY, ERrcE
B3 EMEFEMTHEA SN TS, FEEBECT A tOERNETAIE, M7 7 v~ viho
gaa7 - aORINE 430 nmE S B0 nm AT OEHRERMEL, £OHEHED SRR
REHAMLEHSELTVE, LHOLEYES, 757+ vORESH B IEHE, SoicEy
=S RE DO EROGE P ARDOES, KOO EDBERIRLDVE- ey v I

L BEaESRer REHSEE T 305 RERIKINS HRET
Environmenta! Information Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan,
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WCLIMBRACTA 2OERIHATLEBETHREIF T,

CCTHERZBEBT, FEREO—ETH B Olisthodiscus lutens @ﬁ}ﬁ'ﬁﬁﬁﬂ‘@@fﬂﬂﬁi_’ﬁ
W, O lutens ORI B LU RGBS CONRIOESE I L AR R 2 b vDEALMG, U E-~
b Ak BAREIRR AR O RIEIR B £ TEHE & RN EOBG ORI F1T - 1.

2. NEZEE

21 SUFRRLPOX—F

IOEHITHECT, EESHEZBADICERAINLZ V427 bot-2 (ZHS, 1980)
i, T —F v TREBRNAR, 72 b2 F AT IA YW LERUAIHSL ZERES
BNRG VARSI b oA —FTHB, TOMBEL N ITRT. COFVFRARs box -7 BE
TERT LS5 RSFRET— I MERO 20 =y P EFLNTED, BEREFLEDZ VT 7 ¢ —
LR TOMEEABRL T D, BEFRN2ICETLSC3@BoOHARMNEY, COERICEN
T, A7 T 07 7410 L 28R EERL

F 1 FUFRRY DA~ yOHE
Table 1  Specification of radio spectrometer,

R R 400 ~ 850 mm
PR < B S 15§T %X 30X ¢

BAWE B M 8 S-208Evd o RB TGN TITT4gPR | 20X 200 F . F/EE
B B H N RESFEAR Wy Ax | 54w
WHBRE : BEK 1200 V
EEE: 0L1%ETF F-FH - il & — Bt 25
BREEREFR Foyadn B T
FIVTF Y7 | % &:DC-~10KH
# i B 1108V/°C WE R & | B i ¥ 4W /nm - cm?
VI s R S TN - } li:3 aW/ str s m e cm?
Sz e-5 | BE S A 1 ~ 2 FBhEE /i =, 5 H AC 100 V(50Hz), 200 VA
FgAd4n- SR L — b 1nm/ssnz DC 12V
J € - & - VREI/» S A€ -5 —
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Gk BB | voviaR | HEFLEB— FyEa—g CPU 8085

= 300 mm xR B OR | waFsia ‘!

Z Y o b 375 4 RAM 4K 41 b

# 5% # | 54nm/mm ROM 16K #¢4 b

B 8§ H F | A 6004
Fu - XER 400 mm A/D EBE P M OB | 12cs bevgru—
A—s KLY T 52 %52 mm & e R 10#us

F [1:3 6

W& F X | 2tk iERBTEESS WAF -7 | F-#BERX | 1803407, JISC 628

7o g — | BFREFESO S B wE | B0BPI (R F/ mm)
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(A)

y

* B 1 5YV4AZRZroA—9%
i A SEBE B F- 7 0mR
Fig. 1 Radiospectrometer,
(A) Menochrometer unit and optical attachments, (B)'Recorder unit.
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SPECTRO-
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LENS

SPECTRO- OPTICAL FIBER

(B) METER g—__“u
S S

OBJECT

LENS

SPECTRO-

(c) METER MIRROR

LENS I

OBJECT

E 2 SYFRANTboL—FOHERML
(A) EHEEEL B AT F 4w Ty 4 Sl
Q) FHEITS »F 2k EIE
Fig. 2 Optical arrangements of radiospectrometer,
(A) Standard arrengement, (B) Optical fiber, (C) Downward attachment.

2.2 AEXRBHIVAR

B3 0md k9 B & - THREME 0. lutens DFERB R <7 F AERE LI, 16X16X
200, FE 1mm®DOH 7 2B IVIZHESI5cm T T O lutens % ANE®BIC=» L, KA L
demDET A Y —MERE, AWM SNEERE L, O. lurens IT X 5 G5 3 U 72,
AEEEE, Be7 7 ) VTR EOBOURABS T 5,

COEBICHER SRR, S00W nr Y s v FEENL, waduliBl 9 25cmiE L
Kty bL, HBETHELTHELZ—EICKR-T,
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k4
- ;:::‘:'/i/?ﬂrlﬁi‘fmmﬁﬁ e
E-:":‘.‘—;Txt*q @
10cm
M 3 BAlrZEEOsE
Fig. 3 Measurement system for radiance reflectance.
3. AIERSR
FECEA L ARsidd, (/28 LRI R & Olisthodiscus lutens T, {EHO
ERE24 7 alHE LK, 4Dy 7t F2WRTIHSNEEBTEELSECL, REA
~2 7 b ORITEETT - 2,
B4 BLUR G O lutens DS 2~y b VREERT T, 0k, AEMIZ200EOFEETHS,
HIGE S B A~y b st & O lutens OEE S X UTEHE EOMELENS DT, &
BICBUBRET R ¥ & O lutens 1 S OMBEBIFEIT 7. K63 O. lutens D LH &
BHRREEGIEH T AV F - ORHMERE 7O P LEbDTH B, TR TIZ A EOTE
* &L FE-OMBGREES 7oy b LEETE 5,

#02 REEMH L ARBOEE

Table 2 Cell numbers of measured Qlishodiscus lutens.

1 n
HFa56% 2 ) 6 BH—># WRIS6IE 2 17001

1 49.4 >« 10" (cells /ml) 1 23.5 % 10% (cells/ml)
2 23.8 x 104 z 15.4 x 10*
3 12.6 x 104 3 7.69 % 10*
4 6.19x10* 4 5.09 x 101
5 3.02 %104 5 1.97 <104
& 0.96 % 10* 6 1.21 x 104

RIEH : HIENS64E 3 H108

R (/2
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Fig. 4 Spectrzal reflectance curves of Qlisthodiscus luteus L.
O. luteus I
|
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Fig. 5

Spectral reflectance curves of Qlisthodiscus luteus 11.
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Fig. 6 Correlation coefficients between radiance reflectance and cell numbar of
Qlisthodiscus luteus.
10~ 1
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iy
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Fig. 7 Correlation coefficients between radiance reflectance and logarithms of cell
numbar of Olisthodiscus luteus,
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LoD onh b 3,

1} O lutens 1, DIEHICENT, FEHHE LSBT (50 XlO‘celIs/ﬁao]) Pltoksd, <o
EBiILL Ty 700 - a DRI EEZ 8/ 660 ~670nmiTHCHES NS,

2) 30nmftEDsr e 7 0 - a DRIUHFRBE TSN -1,

3) O.lutens 113, £EEHRCNLTECRELSRT,

4) O. lutens Mk, 400~520% &L T8 660~ 670 nm At TH OMERE%ER L, 560~6404k L U680
~ 840 nm fA T [ OHBE RS,

4, % =

FVF AR Ak, FREBE Olisthodiscus lutens DUH A 7 b nAddiE A HITEL,
0. lutens DEE L ERE T AEF R <7 PO &, UE—ber vy IH]l
KL AMBBREOER B & UEHEOHETEICIT 2 i ORI 21T - 2. COBR, BEDORE
HETH 7007 4 b — d DRERHOBRRFGENTE 28EHEMIMETEL 0, JHIEEH
SEEHt R ES BIESKEENE L L YICBhNG, O lutens DR ERE AT LD
RIS 0T, O lutens 1 ReEEHSCH L CTEOEBERL, O, lutens Lic 0Tl
BHEEL LT 660~670nm THDHBATR L, Z4d, O lutens T AEEMBEH532AH
THE2OEML, 0. lutens TH2ZIBEOBRAITHZC EH6, O utens T{F, &, BELAE
FES{BATVD, $HOBEREOECHEE A LE 2, 15, 0. utens TEH LOEHE
EOS0wY »7AeARTCLENTEE, §hb, EEEM (400~520nm) B L8 660~670
nom TR OEBERTHREEHERISEESZON VAL, LELEYS, L TOHBETICE
W, O lutens GEERABERCLLLY, B Lbsoo 7 an- e BEOERII TR
Lzt LEESERICELERESIIY, O lutens TIRIKE~NTIon 7 00— aDEDNM
BOoEWCEsEZ OGNS, UEDOT LS, FERHORIEE L THOER > EE, Miakkbb
7097 - alli%, HFIVEHERORCRIVIREND 7474 F V- a FOMEEES
ELERHH S, SORNERETOREZERD 7 4 —n FZIEAT AAIIIBEKDOBEEYE ©
S SO~y b S, KIPKLTOHELDOGRIREEOERAFEROLEL T -TL b,

51 A X #&

EHEE - Fk # - LB (1980) . BRREEAS b o -5 ofitk Y TRERRY ) SRR,
Pryc#idste, Be2- R62- 2, 13-2L
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22. EREACKETNBEDERFIKER

Quantitative Studies of Water Quality

in Kesennuma Bay Using Remote Sensing

oW om E
u Tadakuni MIYAZAKI*

£ B

RLE e O SO EBHEIEHEG (v F 20 PER) F- 5 BLUBERT
BllsniokKB 7 — %25 LKUNBEOKRBESHOREL 5 RS, MEBICELS~
WFZT PABRIEEBNT, Frr/an2dbsoo7 s v—- aDERIKEWNTHS
TEDTREN, ZOHEFMRIDOEREIT >, i, F+ a1l (BRI

Ik HENOKE KR OHES R ZEFRL

Abstract

A quantitative method is devised for measuring water quality distribution from
remotely sensed multispectral images. Water quality is estimated quantitatively for
the extracted water area using a regression model which correlates image densities of
the multi-spectral data with ground truth data. The proposed method was applied to
the measurement of the chlorophylle concentration and the distribution of the
surface temperature of Kesennuma Bay where there has been serious water pollution
caused by eutrophication processes. Chlorophyllq was shown to correlate highly
with the image densities of the 2-th channel in the multi-spectral data while surface

temperature correlated with the 11-th channel,

. BESIC

%ﬁﬁ*ﬁwﬁﬁ%ﬁ%ﬁkﬁ%ﬁ,Wﬁﬁﬁbfﬁﬁ®%$%ﬂ%ECL,iﬁﬁﬁﬁkéﬁ
fIREHATO S, CORGEHAL, KADFH, HES SCEBLET>TWL it
MOEMCFEVER ORA G b & 8D, HEKEOFREORA LML, Kb 3RS HD
HREERNICHT 2 C EHBETH 5, FBOREAHOLBATRICE, 2OIRNTHS

k!

L ERLAHEHRR RETHE T 305 SRBURFHS Haay

Environmental Information Division, The National Institute for Environmental Studies, Yatabe-machi,

Tsukuba, Ibaraki 305, }apan.
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W75 vy rvihDs oo 7 - a%@RINT 3 EBEHTH 50, REOEREHY 7
FIR, KETORE SRR L 2EEAE TN LS00, HFL &S RAERIE ST,

AHATHE, DBBICEE 2 ERAN®E 7 - 7 5 L URMER 7 — 7 OMMEFTICLZY, 2
BO7 .- e BLUPKEBOSMRBOERWHETEERAL 1,

2, F—HOPE
FBAODSHE 5 H19H, RIS TR L L TERTER SR L, il s Frey
R T — 5 OREL L UKEBEEESI T2, T~ NEOHNER 1 KR,

TAFART AT =5 (FER) F5wF b= AT
F—-—5 OB
TAF ALY FILREPF A WM OH &
______________________ e R
F — & O i Lmﬁ%&uﬁﬁéfﬁﬁ
K oMKgJ Py R—
T J
| ]
s omb HEHIH i £ 5
AH D5 Al E
R o &R g R

B 1 EREEC L 5 RE S HEREERLE DR AR

Fig. 1  Block diagram of water quality measurement by remote sensing.

2.1 MERIZLEZTAFEARY MIEBTF—SORE

TAF AT bAZF T (BEEHEEMTFETMSS-BCG- 1A) Ik DEE 90,2001t 5 5
87 -5 ORIEET»Tc0 BEI-RBIETAF 2R bR+ o5 — DR FRTAN 2,
#1ITRd, '

2.2 XHBRE

FARICEEHET -SRI LT, EATKEREZER L. K3 cdKERAEMS
OREM%E, #2ICEPRERERY,
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. Fig. 2 Flight course.
# 1 EEEEOMLR
Table 1 Specification of Multispectral scanner (MSS-BG-1A).
% & TAFRANT b ARE ¢ FMES-BG-1A
! Fooov o 12
F v AVEES 0 030 - 0.35 (PM)
Cum) HEUB L 03 -~ 0 (PM)
HE 2A. 0433 - 0455  (PM)
3A. 0470 — 0430  (PM)
‘. 4A. 0510 — 0.5% (PM)
SA. 0580 - 0560  (DM)
6 080 - 065 (PM)
TA. 0660 - 0.680  (PM)
8 070 - 080 (PM}
g 080 - 0.90 (Si Cell)
10 08 - 110 (Si Cell
o105 - 125 (Hg C4 T
& O K 20, 40, BOline/s %
& & B K Ltk
B uHaA 2.5m rad
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Fig. 3 Surface truth points.
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# 2 KEHAARLER

Table 2 Water quality measurement of Kesennuma Bay.

o oAU |k @ & B K | sooven-a| SS

Er K=y B 5 °c m ngh mg/l
1 14:55 13.6 1.50 12.70
2 14:35 13.5 1.50 17.27 12.2
3 14:28 11.4 1.80 15.22
4 14:21 11.2 2.60 9.70
5 14:16 11.1 2.95 15.01
6 14:05 11.2 2.50 5.5
7 13:57 12.2 2.30 15.38
8 13:45 12.9 2.50 16.92 6.8
9 13:40 13.1 3.40 9.71
10 13:25 | 11.0 3.10 12.08 6.3
11 14:10 11.8 2.00 13.37 5.0
12 14:35 12.6 2.10
17 13:24 12.6 3.00 4.18
18 13:30 12.4 3.30 5.00
19 13:35 11.5 3.00 4.91 4.2
20 13:52 11.6 3.70 4.55
21 14:00 10.6 2.80 5.95
22 15:08 12.4 3.00 1.17
23 15:16 12.0 5.50 1.43
24 15:25 11.5 5.50 1.73 4.5
25 15:37 11.6 4.50 2.65
27 14:35 10.2 7.00
32 14:30 11.3 6.50
33 14:57 13.1 2.50 1.19
34 14:50 13.0 3.50 0.60
35 14:45 10.4 6.00 1.85
36 14:28 11.2 6.00 2.79 4.9
37 13:43 11.0 8.00 2.57
8 13:53 10.0 6.00 2.32
39 14:00 11.3 8.00 2.47 6.2
40 14:15 9.8 750 | 2.55

3. TAFRRIMNF—FICLEZKE ORI

HEIKED KA M ARk D D0, KERTMACE T 58l 7 — 7 EMTERICLDwrF R
Ry P AEE R OIS LAORE VOV OB 2TV, SETaE e T OB ERA . KE
F-s L LTI kB, BYUE, son 70 -a, SSERMALE, CO357007
A= aid, EREBNAERSEHEMEEOS ZHRMOBELSEFLENZLOTH L,

BRS CicB BKERTES 3 & L, HEICHIET B2 F 20 PVl (Fr 2500
§) FOEECEE V] ETBE, L CTORMBNE R, KENEHACHET 3ER/RPO
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ESGOEZROFEEEMG . nBEU{A) wHl
D A GO R S R F 3
loge (¥;)=f (x}, 2%, o 4

BAEOREEEFAEBKL, BRSOBRELT

(1) xf D HF v v Aor s OYIENE

2 1/x

3) loge x! W

W xl/xl o F e vEABOR

5 xi-xltF e vrgOE

B xl/S(S=xz) ¢ iEHUE

@ (xf -2/l vy EERIOR

BEDHF, 208 i oT, BN, AREREAEHLL, BET -5 (/=1,2579) &
y DRIBIENA R 3 IORT ., FE TR RECLOHME 0 LBD SN LETT,

# 3 KRELEHT -y BEROBHARGREK

Table 3 Correlation coefficients between water qualities and image densities.

Frvir®s | k& | & ¥ & |{seevew-a] SS
1 —0.54 0.83 ~0.83 ~0.35
2 ~0.52 087 ~0381 ~0.29
5 ~0.44 0.78 ~0.73 -0.12
7 ~0.35 0.63 —0.58 ~0.07
9 0.15 0.24 ~0.02 0.06
11 0.81 ~0.57 0.44 0.74

Fav e | 24 24 20 9

FH MRS REICKOMBEF LB o T EETT .

CDFER

1) FRMOAKEEF + 72011 (BRAD) EOBMEREF.84TRVAEME TR LA,

9 BHEEELUSSEF» YANGEBNEELNEZ VDR TV S (ER - S, 1978) 43
CORBERLOLEHAE AT v Y302 L, SSRF » vANIEMAMSSED, Chdic
B L THBNER DB o o,

(3) #om7sn—aidF v rFov], 2,5 EUEMER L, BBKETSVE-ber vy
EETHE, 7007 40— aEEEEDORA 2 b ATREY (440 am B LT670 #m ) iTx
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BT A5F+ Y32 BLUTOEET — % EBOHEERT LN TS (226 -
i, 1978) L LEALIOEBER L SEB F+ Y20 TLOMMIRT » v 2Tk
~NTBEL N,

4, KESHEOIER

KRS OEREZMOTERAKRE LU 7 0 a7 40— ¢ OHEENRR LR Uiz, M4 F v
YA A OESBERE S HEKE EORRAER S F r vAL2E s a0 7 00— a LORBELE
Y. COERXEL SREEXNLSIBOKERHERGICES, 7007 00~ a DK
R TICRT, RSB TKEICC~140°CEEVRLEN T~ FKRLIEODTH B, T
B7igson7 - affif 0.5 g/l ~300pg/1E8L_ilh s -RRLALLDTHS,

164.0

i3.0p

12,04

Y = 0.034 X + 6.029
r = 0.81 (£ = 6.41)

#EKE (C)

10.0 = .

9.0 ' 1 - | 'l 1 L ]
110 130 150 170 190 210 230 250

BEL~<L (Fveriall)

K 4 REKEEMSSEGEE (F+ vxu11) OHA

Fig. 4 Correlation between surface temperature and density level of MSS 11-
channel image.
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Fig. 5- Correlation between chlorophyll¢ concentration and density level of MSS
2-channel image

5. & =

ERETRIF R L OKEOERNSHRE RS 5 oic, KE L EREE & OB 1T
TOERERA I, COFE, REKBIELTEF +» 20l (i) DEET— 7 HEREA
EEECMBMERLIL, 2007 40 - aDERCEBFDRRT P WRIEEEHIGTEF v i
2DEBT - HENTH -1z LHLUDPCRERBORIGHICHET S F +» 20 TRV
ARSI o tee MIBICHENTEBETR 007 10— ¢ BESEBIBCEWVESHE L, #HkD
BRI LS DBHBEDBETTECLENELLND, COLBERBEDY o0 7 01— a %Kl
TELHDE Y- OB L L b, BRF- 7SI h Ty 2 XEHEDKARREOREIC
T AT GHELNE T B,

A A

AFRERTTHICH 0, FIERICL S 7 — 5 B L Tid B AR B E O 8 77 %65
st EhKEREET - 57:Ezii'f".'i};’iﬁ%&i&i(l[l?H'JKEE%;I%%} DRBICLZ6DTH 5, MEEMIZHE R
HT 5,

51 B X #&

LEBEY - SERE (1978) ;| ERIRIC L ZHKROERMATIH - 202 B4E) £y
vy, 119-121.
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Fig. 6 Estimated distribution of surface temperature,
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B 7 swa7.qr-afERTHR
Fig. 7 Estimated distribution of chlorophyllw concentration.
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# 3 5 A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae) (1978)
(AZFEER Y A Chironomus |8 9 B, ¥, B BREDHHE)
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Chironomidae (Diptera). (1979)
(HAEE2 2 Y AB0EOREH, 7+, $hdaDERFHER)
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Studies on chironomid midpes of the Tama River. (1981)

Part 3. Species of thé subfamily Orthocladinae recorded at the summer survey and their
distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.
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Report of Special Research Project the National Institute for Environméntal Studies

No.

No.

1* Man activity and aguatic environment — with special references to Lake Kasumigaura — Progress
report in 1966. (1977)
2* Studies on evaluation and amelioration of ait pollution by plants — Progress report in 1976-1977.

{1978)

[Starting with Report No. 3, the new title for NIES Reports was changed to: ]

Research Report from the National Institute for Environmental Studies

No.

No.

Na.

No.
No.

No.
No.

No.

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

4* Smong chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977, (1978)

5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. {1978)

6* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1978. (1979)

7 A morphological study of adults and immature stages of 20 Japanese species of the family Chiro-
nomidae (Diptera). (1979)

. 8* Studies on the biological effects of single and combined exposure of air pollutants — Research report

in 1977-1978. (1979)

. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress

report in 1978, (1979)

. 10* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1978.

(1979)

.11 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)

.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing

computer<ontrolled instrumentation. (1980)

.13 Studies on chironomid midges of the Tamna River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollution
with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
14* Studies on the effect of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
15* Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1979. (1980)
16* Remote measurement of air pollution by a mobile laser radar. (1980)
17* Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and

atmospheric diffusion phenomena in the coastal region. (1980)

.18 Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
No.

19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979. (1981)

20* Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydro-
meteorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-
1979. (1981)
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No. 21* Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)
No.22* Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)
Neo. 23* Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trephic state
indices for lakes — 1978-1979. (1981)
No. 24* Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutro-
phication effects on main utilization of lake water resources — 1978-1979. (1981) -
No. 25* Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of ¢
Microcystis — 1978-1979. (1981)
No. 26* Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth J‘f
potential by algal assay procedure — 1978-1979. (1981) 4
No. 27* Comprehensive studies on the eutrophication of fresh-water areas — Summary of Researches — 1978-
1979.(1981)
No. 28* Studies on effects of air pollutant mixtures on plants — Progress report in 1979-1980. (1981)
No. 29 Studies on chironomid midges ¢f Tama River (1981)
Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their sistribution
in relation to the pollution with sewage waters.
Part 4. Chironomidae recorded at a winter survey.
No. 30* Eutrophication and Red Tides Coastal Marine Environment progress Report in 197%-1980. (1982)

* in Japanese
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