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Outline and Significance of the Studies
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Abstract

In this report we include the following research topics, namely diurnal vertical
migration using the microcosm, growth kinetics using axenic clonal culture, sea-fresh
water exchange using density current experimental facility and in situ growth
experiments using field microcosm.

Clonal culture of Heterostgma akashiwe was grown in the microcosm and circadian
rhythm associated with cell division cycle of H. akashiwe was entrained by LD cycle
and was considered as one of major controlling factors on the vertical migrations.
Although contents of carbon, nitrogen and chlorophyll pigments per cell number
increased at the light period and decreased in the dark, those values per cell volume did
not change significantly, It was suggested that cells of H. akashiwo enlarged their size
at the light period in parallel with assimilation of carbon and nitrogen and with
synthesis of chiorophyll pigments.

H. akashiwo accumulate at the surface due to vertical migration and absorb the light
energy effectively. It was found that the light energy absorbed by H. akashiwo at the
surface was about 909 of total absorbed energy.

Phosphorus metabolism of H. akashiwo was measured by *P-NMR. Rapid uptake of
inorganic phosphorus was observed after adding inorganic phosphorus into phosphorus
starved cells and it was found that most of phosphorus was stored as polyphosphate.

The ammonium uptake kinetics of Chaftonelln antiqua were examined and it was
found that the ammonia uptake rate followed the Michaelis-Menten equation and the
nitrate uptake was suppressed by ammonium.

The alkaline phosphatase activity of C. antigue and H. akashiwoe were found to be
very weak. Both strains are apparently unable to utilize arganic phosphomonoester for
their growth.

Growth kinetics of C. anfigua under nitrogen- or phosphorus-limited conditions were
analyzed using semi- continuous culture system, and growth rates were found to follow
the Droop’s equation for both cases.

An experimental study was carried out for the investigasion of the thermohaline
circulations and water exchange between the bay and the outer ocean due to the
surface cooling in the period of late summer to autumn. The qualitative relationship
between horizontal salinity or temperature differences and water exchange was
investivated.

Density instability associated with vertical migration of flagellate was analyzed by
numelical model and the causing mechanisum of the convection patterns observed in
a culture experiment was explained numerically,

In situ cage culture (field microcosm), which can eliminate the effects of grazing,
competition and disperison, was installed in Izumisane Harbor, Osaka Bay. It was
found that the growth of H. akaskiwo could be limited by the rate of mass transfer
through filiers and by under-water irradiance. The growth model based on culture
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experiments can simulate the variation of cell number of H. akashiwo in field
microcosm.
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HEREBRERR (/203X 4) & AVLRARERE OB ()
—— KRB EE Heterosigma akashiwo O BB SREBE) &
RAFRE/LOBRE—
The Use of a Controlled Experimental Ecosystem (Microcosm)
in Studies of Mechanism of Red Tide Outbreaks (III}
——Interrelation between Diurnal Vertical Migration and Diurnal Change
of Mean Cell Volume Found in the Culture of Heterosigma akashiwo,

a Red Tide Fragellate—

REEHLE - EILE
Kunioc KOHATA'® and Masataka WATANABE®

g B

KR AR & L TR L7 Heterosigma akashiwo ¥k~ 4 7 2 a2 X AW, 126H:
2B EI OB R T IR L 7, 2 HASRBT T, HHEREER, 0,430 &8, B
EERET (At=3—4°C) Ti, BETRsh a0 LA HRANBEBE S, 24 L
b6 OMBRIA N, H akashiwo 13, BERBF CHRMAEYT Ty, ZOEBRRHE
TC, H. ckashiwo OIRIRBE - AR - RoiEE L, 2 SRR T4, HRY
W 3BTRIEL . MR AEHL 0D LEc LR 2, FEDOHIRE M
EHMARS NS o ABREMERHL TR, LD L D AEREENE - -
fr. MIBRAEEM-MMEL B EMAR (circadian rhythm) RS BBCRAL, -
LEBEEHET2ERAD—D L EL N,

Abstract

Clonal culture of Heterosigma akashiwo causing red tide in Osaka Bay was grown in
the Microcosm on a 12 : 12 LD cycle. The specific growth rate of 0.43 d! in In unit was
obtained under the fully mixed condition. Under the weakly stratified condition (ca,
At=3—4°C), the vertical migration pattern of H. akashitwe was similar to that observed
in the field for at least 6 days. H. chashiwo continued to grow during a stratification

1. ELEFRET AEIHRES T305 KRR FAHIRSDEEEF16E 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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period. Under this experimental condition, cell concentration, mean cell volume, and
photosynthetic activity of H. akashiwo were monitored at every 2 hours for 24 hours at
three different levels in the Microcosm. Cell ascent began shortly before light was
turned on. Rising cells had smaller volume than that of cells located at the bottom.
Photosynthetic activity of migrating cells was heigher than that of non-migrating ceils.
Circadian rhythm associated with cell division cycle was entrained by LD cycle and
was considard as one of major controlling facrors on the vertical migration.
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©  Fig. 1 Growth curve of H. akashiwo under mixed condition and its vertical
migration under thermally stratified condition
(O) surface, (@) middle, and {A) 38 cm above the bottom.
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Fig. 2 Diurnal change of cell concentrations of H. akashiwo under thermally
stratified condition at three levels
{O) surface, (<) middle, and (@) bottom.
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Table 1 Cell concentration and mean cell volume obtained in the experiment
under the stratified condition®

SURFACE MIDDLE BOTTOM
DAY TIME N Ve NB v N ye
13 13 19.7 (8 7.042) 0.12(2) - 0.12(2) @
15 19.0 (5) 7.9 0.12(2) 0.16(2) ---
17 23.3 (3) 8.9(1) 0.30(3) 0.19(3) -
19 0.49(4) -2 1.60(8) 9.4(D 38.9 (7) B.8(2}
21 0.15(2) - 0.20(3y - 3R.1 (N 8.9
23 §.09(2) - G.15(2) 38.6 (7] 8.9(2)
2! 1 0.1042) - 02003 - 225 (3) 7.1(0
3 0.59(5) - 0.37(0) - e
5 0.98{6) 5.8(5) 1.05{(6) 5.6(5} 26.6 (6) 5.5(2)
7 6.6 (2) 5.4(2) 1.08(7) 5.1(8 1.27(7)  7.9(8)
9 11.3 {23 5.7(1) 0.17¢3) - 0.3404) -
11 21.1 {5) 6.2(2) 0.18¢3) - 0.14(2)

a} Uncertainties in the last significant digits are given in parenthes.

b) Cell concentration (10° cells/m/)

¢ ) Mean cell volume (10° ym*/cell)

d) Cell concentration was so low that calculated value of mean cell volume
was meaningless.

e) Lack of data due to sampling problems.
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Fig. 3 Changes of cell concentrations and size distributions of H. akashiwo
sampled at the surface. Numerals in the figures denote sampling times.
I akashiwo cell size fractions were (in gm)
1:6.35-8.00; 2 : 8.00-10.08; 3 : 10.08-12.70; 4 : 12.70-16.00.
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Fig. 4 Changes of cell concentrations and size distributions of H akashiwo
sampled at the bottom (a) and at the middle (b)
Numerals in the figures denote sampling times. H. akashiwo cell size
fractions were (in gm); 1 : 6.35-8.00; 2 : 8.00-10.08; 3 : 10.08-12.70: 4 : 12.
70-16.00.
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The Use of a Controlled Experimental Ecosystem (Microcosm)
in Studies of Mechanism of Red Tide Quthreaks (IV)
—Diurnal Changes of C/N and Chlorophyll a/c Ratios in the Culture

of Heterosigma akashiwo, a Red Tide Fragellate——
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KEEB K s LTHBL 7 Helerosigma akashiwo ¥k~ 4 7 0 0 X AR, 126 H-

12O BIAT TR L, vA 7 ua X2 THAsREEAE AN, HAGALY
BHEE Lz, 35wk 6 ERIBROEKE 4 OME S, BREOMRIRE « Fi9EH,
BICHE, GRER, RE SHSHRE, oo LARROREAFMEL . A
akashiwo OHIKLIZ, EH, BlHOEEL S SR EHD, PR ESEREBRELD &
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B Ry Lz, SiaEfy s o ol o, Ihnsd, HEROEEEAE,
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Abstract

Clonal culture of Heterosigma akashiwo causing red tides in Osaka Bay was grown
in the Microcosm on a 12 : 12 LD cycle. Sterilized air was introduced from the bottom
of the tank and a mixed condition was maintained in the tank throughout this
experiment. Sampling was continued for 4 days at 3 or 6 hour interval. Sampled water
was measured on cell concentration, mean cell volume, fluorescence intensity, dry
weight, carbon and nitrogen contents, and content of chlorophyll pigments. A

1. BEiAEER AETEREE T305 FNEAGSSHTE/NEF)16% 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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akashiwe repeated the diurnal pattern that it began to devide from the latter half of the
dark period and enlarged itself at the light period. Photosynthetic activity measured by
fluorescence was low at the dark period and had the largest value at the first half of
the light period. Although contents of carbon, nitrogen and chlorophyll pigments per
cell number increased at the light period and decreased in the dark, those per cell
volume did not change significantly. It was suggested that cells of H. akashiwo
enlarged their size at the light period in parallel with assimilation of carbon and
nitrogen and with synthesis of chlorophyll pigments.
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Fig. 3 Diurnal change of the ratio between fluorescence intensities observed
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Solid line was drown by the same way as Fig. 2.
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Inm—3
Heterosigma akashiwo D HBASREBE IC & 2 RESKH L
<74 283X LRTORERBIVEE
Accumulation of Heterosigma akashiwo at the Water Surface due to

Vertical Migration and Absorption Coefficient in Microcosm

BOILE - JIRRE
Masataka WATANABE' and Tadakuni MIYAZAKI?

g B

<A 7 a AN THEEE & W Heterosigma akashiwo O HRESEBEICE 85
HRBERAE, KD TOXEREYAEE (photosynthetically active irradiance) DEE
ik, 4 cEREBELIFIAART IO A—F LI DEHAILT, & 5ICHNEET LD
H. akashiwo ORRA LT bLEKDE, Fhorkbliov4 7o aXANTOERIRG
Wald) FXdr sk, BEEZLOPHRNGEHR KD, ¥4 702X ARTH
ERTEHREEE Lo T THEL T LB L -, o B TRINE ik
ANF—ON, REICERL 7 H akashiwo C X DV BINERLE I AN F—OFE Y
WYIETE 2 EMBHWHELT,

Abstract

By using quantum scalar irradiance meter and radiospectrometer, vertical
distributions of photosynthetically active irradiance were measured in microcosm,
where axenic clonal culture of H. akashiwo was grown and accumulated at the water
surface due to vertical migration. Absorption spectra of H. akashitwo were obtained by
using a spectrophotometer. From these data total absorption coefficient @(4) and mean
absorption coefficient were obtained, and it was found that mean absorption
coefficients were independent from depth in microcosm. The ratio between energy
absorbed by H. akashiwo at the surface and PAR,,, was found to be about 0.9.

1. ElrAEMeEF AELEBEE 7305 HRE RS HEEE 165 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Iharaki 305, Japan.

2. EUAEWER BUBESRE T305 XRBRGHEG HE/NE 165 2
Environmental Information Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.




1 wisiz
AR TRAGRINEVHERE SR T 27200, FEEICL D LOBRELMLEEMNA S EL
TH. IOROERTORECHEER, $TEIEHRE 258885, J0LDICERR
BHIOAL ST, EOWXKHTOMORERNT 20D L R I LE—BEBORDIZHE-> T
3. HrERHERHTTEERERENREBCBRECERT A EBHSRTED (K
B - IR0, 1984), ATV OOHBERERB T TWE ¥4 703 X LN TOXMBEN,
DAFHER CEEREERE ORI 2R T 5 2 L ik, BEREOBMSELMS LT
HEEETH S, XS OMRBIDOEESHF B TTbh, #htEELTbhTnA
(Kirk, 1983), BHEAPTORRINIKE S, BEEME, £H9E% L THPRYED 4 o
E-T{Tbh d, kB & ¥ BKINiZ Morel & Prieur (1977), Prieur & Sathyendranath
(1981), Smith & Baker (198]1) X VEFFREINTWVE, v4 703X LWIEBW T,
FUBBECIZABRRNEZREBL A 2L, v 4 700X aNORBESR N2 ECEETHS,
BHIGHE TORREEREIEOBRNA R PV EEBRRTRBOALENA~Z P AL ERETLY
—HLawiw 3 BERCL > TRBEE COBEIC L 2 RSO+ BB LT w23, #
DizbeA4 703X ARG E-BEEC LA XRINANY MV ERE, BRI 3RER
EARBTDONE DFERLBFEEH S LT EECEY TEL L EL 503,
FRLCBWTHERYA 703 A4 (NIES Tank) P THIEE S 2 17 Heterosigma
akashiwo D B BIERENC{E > BMORBENR +, Kth o XEHEER (photosynthetically-
active irradiance) DEEAHEERIERY, <4 702X ARORIFEEET L 720

2 ERFZE

2.1 H. akashiwo O¥53

A 703X LRIZBEWT H akashiwe DWMPHIEE ST o0, NABROBRBI OBALL
EREAGT (/2B TERL, H akashiwo OEE 2 o— ¥ (Watanabe ef al., 1982)%12 .
120D LD AR, BT ORISR KEE E (PR) TH3504E m-2s  TIEHE T2 72 #]
BV EEREL 6 pmol/l, WIHIMIEIEIZ198cells/m! 3 52 T b, KEBI B0 TIHKEG T
# (LE2121°C, TRTI9:1°C) 2f7-%, BEEAAOEEHHIC LTI ->KEBE 2T,
29 cell 2 2276cells/m! CGHBUEREM) THote. oK EBIEL, REICERS ¢ L Ek#ME
HEDEE R HEREEROFR 2T o7,

2.2 ZAF—KEBREHEH

EROBESERBEEXOFASE L TyildIi, FVy a2 AR S~ TEWTV2
EEONAERCAVL IO TE A NNBLTERICHT 2 2 L 3EHTH -7, kb TOESR

3



Heterosigma akashiwo 0 NBRIT 7 8

BEAESSOEEFIALTw ALY, XERHETIHESE2ARL —HCETTOXESR
TRTHEALLEAD T - KB LEHAT2LENH B, CHIEEOBE 25T 2 0 L RABRIC
FFH2EBTESN, BXEPIBRL - T3, B1RHAYATFLETY, IYFARI b
A= —lZAaNXRNEF -y REBEROZ o202y bEAMNTEY, FL—TFT 47Tk b
ORAER, 72 AT 4 P74 ¥ — i L ARHE AR ERAVTL 3 BAMEEREBO IV 7 ¥ —
(Bf£2.5cm, 779 > BIER) £ HuvsTuw 548 (Booth, 1976), XDV 8 —ThHE LR
BRI O RE 2 H>TnE, COROERERMCAX LGV AR AR 2R > THT Y,
TRTCOAHLELBEFEELOHETH > TENT 2L TER, BBOXIV I ¥ —RiC
AP, BMEISLZF—ORLBR AR 7T 4 ALT AR E0 I F AT b
OXA—F—iTESNS, TR OKRPTORAMD S OXSHEELER (400—700nm) * ¥
FLEHEAITZZ L8 TE B,

SOOW/ N0 4 EHEER A IR - LT, Slem BB RE o v 2 v — 2B, EREHOR

Dittusing
1 sphere
l Optical fiber
Monochrometer
unit
le |
I Lens [ o |

Data
processing unit

E 1 BEE (PAR) #HAlvAF 4
Fig. | Measurement system of photosynthetically available radiance (PAR)

BoAESELHAIL, H2130° GERCIEN) » 590" ChEicERA) 2 TOHEDOHRE
ERLELDOThH2, CHICIDE, XN T2REIL 74 —DAERHET O > THER
W+ 20, EREIELLZ I b d 3, 2 2HM 3R 0°2590°% TO60nm BT 5
BEHEETLAVOTHS, RECHLBEE DT 2 KHWBENED 28, JhidkBayr
28— LRSS TEOBERC L A EXRAROBY SRR E2 bhd, T4 700X LR
KBV, BoXsiogL 0°oaEei2 X3 CB#BEL TV S,

3 H. akashiwo 0)8&1&2&9 kb k HEBIRGER

w4 70X AROKEN BT S BRITERCH L CTEREAES YT 2 EEERD L0, H
akashiwe O H 3BT T 3 RBINEZEEE T L ICHAIL, TUKA~Z bLEKRDBZEEHIZ,
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Intengity [ fW/cninm}

040 050 050 070 080
Wavelangth {nm)

2 RABT—ABEY—DOAHrsOBEL FOBERN

Fig. 2 Spectral distribution of irradiance measured by scalar irradiance
sensor as a function of the directional angle from light

0°

60° 60°

90° §0°
100 80 s0 40 20 0 20 40 60 80 100

Efficiency (%)

3 AAT—NEY Y —ONEe o OHE LICRITEE

Fig. 3 The relation between the directional angle from light and light
efficiency

Hi#EEE (@G Chle £V 3) Y70 OHRINER 6,(V) 2 KD 2 2 L L ETH S,

H. akashiwo OBIFEE a () i~y FA v 7 4 b2 452 AAA HITACHL220A 57 11
E— LSRR EROTEHEIL, BEAL=1cmOF 7 AM N4 v 7% AR, GF/C
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Heterosigma akashiwo OIGIR{FE M

TANT LD AAL L BEREERBE L L CH 2T o7, RINOAEEL S/ 275
¥ Rz & 5750nm TORM (=0.1303) £EL5[bDEHOBRIUEL L TR, ThED
BARE « =D/L, Z 2 TD=optical density, #B 4 iZR¥ T & <R, > Z o EEK
Fa3—F—A7 - E DU RN =629678cells/m! B, 7O 74 LERT X
b, HITACHI-220A 70 £ — A X XK & D, 4.02mgChl-a+ 171 L v 5 FHlFER
8%, BlEOE%Ed Lz U TRD 2 H akashiwo CLHEBRILGE k(1) %K 5 12RT, 620nm T
@ a,{A) OfEIX0.003m »mg~'Chl-2 TH »,675nm TO a,{A1)i20.008nt-mg 'Chl-g £ ¥ - T
3, ELWEDLI a,(675) /ap (620) 122,67 - T B,

50,
12
5
= 10
40 §
5
Z
3 S
Eso- .§
: %
3 ° ast
8l 2
§20 E
g S o4
< 2
&
10}
02
0 200 500 600 700 g 400 S00 600 700
Wavelength {nm) Wavelength (nm])
4 H akashiwo OWRIR{EE 5 H akashiwo O HIRINGS
Fig. 4 Absorption coefficient for Fig. 5 Specific absorption coefficient
. H. akashiwo for H. akashiwo
¢ 4 EBESR

RAZIXLATOERE2BILL, XBiC H akashiwo # £ TH, KEBFO,
10, 20, 40, 60, 80cm TOMMER*FE (F1)Td2r L bic, KRAELEVERRERET L
TOBELREHLS: (FH6),

4.1 WBUNEH a(A)
BREFEHRaL) BERI0 L3 wHEBans,
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# 1 w4 203X LNO H akashiwoe [FEEKO $HE 54
Table 1 Vertical distribution of cell number of H. akashiwo in Microcosm

Run 1 depth { em } cell number {cells/mi)
0 32822
5 1702
1 272
20 126
40 76
60 74
80 140
Run 2 depth { cm ) cell number (cells/m/{)
0 63518
10 5860
20 668
40 266
60 202
80 162
Run 3 depth { ¢m ) cell number {(cells/m?)
0 137544
10 1748
20 666
40 592
60 444
80 334
Run 4 depth { cm ) cell number (cells/m!)
0 272832
10 80132
20 8892
40 836
60 672
80 506
alMy=a,(A) +c@) +a 1) +auid) (1)

2 Tclz)ii Chl-g BE (mgChl-a*[™') ThY, aL)FEMHE GF/C7 1Ly —ilLb 5
BLEBRM ALY L TEKDLREFERTH O, a, (M) 3HAKORINFRTH 2  FERCH
Wik, EEEE L TEHlahTwhen, H akashiwo 1 SV FHZ7on 7 4 L E(6.39
pg'Chl-a/cell) # A T& 1 DEEBET S, JOHBHES hiiEE AT H akashiwe W2 & 5
[REEERHB I EHTE D, a,{1)ix Morel & Prieur {1977) R UF Prieur & Sathyendranath
(198)) %o TS NLERE M, H7EE0 cm TORRFKETT, |

— 38—




-~
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{A) RED TIDE MICRACOSM EXPERIMENT
can. s DAT-401  REP:20_ GIN: 10
MAX:28.68G0 AT 468 _ MIN:0.5995 AT 848
STA. 8 COM. 08:43:00 WATER SURFACF
0% ¢

2

(el 0M.

IRRADIANCE
Z

ldl i 1 1 \\/

100 500 GO0 700 800
WAVELENGTH (NM )
(B} RED TIDF MICRGCOSM EXPERIMENT
Cap- i DAT. 1 RCP:20  GIN:20
MAX:28.688G0 AT 468  MIN:(0.599¢ AT B8
STA. | CAM.10:04.00 WATER SURFACE

5

%%
;

=1

: Vi

NCE

10 . t 1 Y ANV ]G
100 500 GO0 700 800
WAVELENGTH (NM )

] 6 BREEIELOAHT—NBODART ST
{a %%, b:AETOcm, ¢ :10cm, d:20cm, e 40cm, f :60cm,
£ : 80cm ; (A¥EK, B Runl)

Fig. 6 Spectral distribution of scala irradiance at each depth
(@ “air, b ! 0 cm under water, ¢ :10cm, d :20cm, € 40 cm, f : 60 cm,
B : 80 cm; (A) sea water, B Run 1)
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(C) RED TIDE MICROCOSM EXPERIMENT
can. 2 C DAT- 01 REP:20_ GIN-20
MAY. 558860 AT 408 MIN.0.5995 AT 848
STA. "2 COM. 10:35:00 RATER SURFACE

oy

E

.

e

IRRADIANCE

l D 1 1 1

400 500 600 700 800
WAVELENGTH (NM )
{D) RED TIDF MICROCOSM EXPERIMENT
CoDn:3 DAT. 201 REP:20 GIN:20
MAX:28.8860 AT 468  MIN:0.599% AT 848
STA: 3 COM:13:35:00 WATER SURFACE
1o’
E
>

[RRATIANCE

idl 1 AT Al
400 500 600 700 800

WAVELENGTH {NM)

6 DJE
(a %24, b AETFOcm, ¢:10cm, d:20cm, & :40cm,

g > 80cm ; (C) Run 2, @ Run 3)

Fig. 6 Continued '
(a : air, b : 0 cm under water, ¢ I 10cm, d : 20 cm, e : 40 cm,

£ : 80 cm; © Run 2, (D) Run 3)

f : 60cm,

f ;60 cm,

54
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(E) RED TiDE MICROGCOSM EXPERIMENT
CoD:4 DAT: 301 REP: 20 _ GIN: 20
MAX:28.8860 AT 468 MIN:0.599%5 Al 848
STA. 4 CoM:14:30:30 WATER SURFACE
102r
e
o
bt
[
=
o
=
=T
424
o'
ld‘ 1 ! 1 nfL ]
400 500 600 700 8500
WAVELENGTH (NM )
6 DTUE

{a:22%, b:KETOcm, ¢ 10cm, 4 20cm, ¢ :40cm, f :60cm,
£ ! 80cm ; (E) Run 4)

Fig. 6 Continued
{2 :air, b :0cmunder water, ¢ :10cm, d ! 20cm, e [ 40cm, f ! 60cm,

£ 180 cm; (8) Run 4)

4.2 RHEBERFEHEE v TF—CUR’

HowwRans e, SEETOREOEEREE, GRRLCEETALSRD, COLIR
BEIIVEMELLDELT, BECIIFHRNERK B8RRI ICEFGLORTLS
(Bannister, 1979 . Atlas & Bannister, 1580},

[ a0 ae, (1) d
@ (mi*mg~'Chl-g) =—% (2)
fmxmama

Z 27T A=nanometer, ¢ (A)=HETH 2,

H8EERIBYIERI LD GEM T, WThOEB BV TH, EEAAKE 431 L
AXERET—EThd, FEBRTES LT LE#H0.005n¢mg 'Chl-a DA —5—Th 3%,
Atras & Bannister (1980} RHBEETO GBEBER I > TEET2 LI RREHLTWS
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Absorption cosfficient [ mi')
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anertt
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a00

7 Run 1l OBEOHRETORIEE
O RENEE, @ KORITHHK

Fig. 7 Absorption coefficient at the surface for Run 1
(O  total absorption coefficient,
@ : absorption coefficient for pure water

25, FEHESN-ERN z HEBCERELEVEVIERHL TwE, 2O b o8
CEARINESOHEDTHo eBRIITI T VB85, BEBTO 3130.01~0.015n *mg~'Chl-a
PEVWEACHY, BHC I AR N E o LRE L, ZEBTELAL GRS AR
K—EEnIBRIZUZLEDbNIDS,

ERIHEWTRun1»5 Rund i 210> T @bi/h& (x> Twad, T/hb b EERHM
TACH->T oSBT 2 LI RKEass2, 2hid iy r— IS8R (Kirk, 1975a, b,
1976 ; Morel & Bricaud, 1981) EFFIIN2 O T, EEESEMNL ZRAZANERY G 272K
BBicisnk, XERIIRAERPEL L, BROCEE Y oo 7 4 VEYL D OXERITEIEIR
LE LB THD,

5 & &

H6-akRmEn3Ekos0OBE, EEAreAPICAZ s AkBLTORESEOREC L
D, PAR (photosynthetically available radiance) 24 ¥ 5%, 2o EEOMMEIC LD, B
ArEEE FRFRICESNRNEND Z kit b, ZOLBEz oo hT, BHICLIIVE
IWanhioR2RREL > THILEND B,

Fs z TORMEBEYL Y ORINE L XOBE PRRATSEZ 6405 (Gershun, 1939),
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0.006+

0004{ e

@p {mf.mg'chi-a)

0,002+

Q0,0
0 05 1.0
Depth{m)

B 8 EHRINGEEOESEEE
O:!Runl, ®:Run?2, A :Run3, A :Runi¢

Fig. 8 Mean absorption coefficient as a function of depth
O:Runl, ®:Run2, A:Run3 A:Rund

Pz, )=E(z, Aalz, A) (3]

A X DRI E N PAR, IO LA IcE 21 6R 3,
PARw. ()= [ Ple, A)j dh (4)

I T h=Plank OFEH, c=X0HEE, 2 IV kPOEREF I IV RINAADILOEER
wmDE3icE 2505 (Kishino &, 1984),

IWUP(Z, l)a,-(z, }\’ icdl

_ 400 d(z, A) k
RQu(2) = PARum(2) (5)

£ 22 Run 1~3 TOXRBIZH 1?5 PARWK U H. akashiwo ¥ ¥4I X VRIS o3k 2
NEF-DBEEGETT. T THRBRINSNIEIANF—DIREDNL A NF —b3 H. akashiwo
KRN ERTRYERCBIEh T3, 24t Kishino & (1984) 2584 L T 2 RIEHOE
SLIZRFALTHDE, FFHEBRIC BV TR H akashiwe » B@Y L 2RKBIL THAIL TWi g,
A0 XLRMESEIERTHY, THYR LV, S50AERIBLTRE-REBEL,
H. akashiwo ZERBEBESMIC LV RARERL T3, ZOLOEMEGEET 2RHTFOEE
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AEFT RT3 H akashiwo THEEELBIEHNTEL LM ->TR2THOATVS RQuIE
TRT H akashiwo W E 2RI ANLF-RNOHETH2 LE 22 E, H ghashiwo 1 {EEHZ
A3 LF—ik Runl OHE3.8X 10 quantars el L ¥EE A NS, 2 2 TRETOMEE
BHHEINT 2 2o T, H akashiwo 1 EELSL D CBRINT 2R AL F—RBEILTLEZ L
Hhind, JHEERD SNy r—IHMR IR AZ VO THES,

= 2 FEI BB PARw KU H. aghashiwo 12 k 2% 3 0¥ — BRI OES
Emodbbhrdd IEE O cn TORERRCE L —D—Ea kT LK
Hi7:@T Run 4 DETEIRES L1,

Table 2 PAR.. at the surface and percentage of energy absorbed by H.
akashiwo

{As shown in Fig. 6, a part of sensor appeared above the water surface
during measurement at § em and the calculation for Run 4 was deleted.)

PAR,us H. akashiwo  Water H. akashiwe  Energy absorbed by
a cell of H. akashiwo
(quanta-cm=%+5-1) RQ., (%)  RQ.(%) Nicellssem™®)  {quanta+si+cell"")
Run 1 1.44 <10 87.4 12.6 32822 3.80x 10"
Run 2 2.37x10%¢ 92.5 7.5 63518 3.45x 10
Run 3 4.21x 10 96.3 3.7 137544 2.95 X 10

o B
ARETRRITIC M7 DL OHBIE 2 LR w BT AERENOSRECRERICERBL £V,

5 B X B
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Heterosigma akashiwo V) AEEIRIRER ' P-NMR & 5K 1) 1) B
KFBROER
Phosphate Uptake and **P-NMR Studies of Polyphosphate
Metabolism in Heterosigma akashiwo
EIEF! « RIEHE « TIELT?
Masataka WATANABE', Kunio KOHATA'® and Masayuki KUNUGI*

E 5

KEE CHREBERE T 5 Helerosigma akashiwo DIEEEEESA VT, ) Y HIEETO
ERETo, v 702 X0NCTHY v BEBEL Sumol/! 2 528 Th ¥, 5
Hicpiz V) SRR RE U LRE GERISAB) T VEER 6 pmol/ 2527, Vv
WINATROHIBEN Y 2 HROTREFHTEE 2 bz, P-NMRIC L2 8Y vV o EA
BOAEEFEHAIL ., 24k D, Y RZIKETIE P cell quota 12 75fmol-cell?, % -4l
RO Pizk25% TH o, Y rEEIENGRE AR U VBRI R, 1 8%
k2id P cell quota i3174fmol-cell”!, 2 5 MRHNBETOPOBEARD 7 — 3K Y U v
B (F044%) THEZE»¥HBILI, 20X 3% Y L EREDR, Vo RZBETTOR
HEEHERCE > TEBLREBNE®REFE - T 5,

Abstract

The uptake of inorganic phosphorus was studied in an axenic strain of phosphorus
starved cells of Heferosigma akashiwo, an organism often causing red tide in Qsaka
Bay. Initial concentration of inorganic phosphorus was 1.5 umol//, and after
phosphorus was depleted in the medium (15 days after inoculation) another 6 gmol/{
of inorganic phosphorus was added.

P cell quota was measured during the experiment and polyphosphate metabolism
was studied by using *'P~-NMR. In phosphorus starved conditicn P cell quota was 75

1. BNfEREF ABE-SREE TI05 X8R ANESERI/REF16% 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. EUATHIER FHUSHE T305 RN IS EARETNEF | 16 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Y atabe.-machi,
Tsukuba, Ibaraki 305, Japan.
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fmol-cell™! and approximately 256% of cell extract was Pi. After adding inorganic
phosphorus, rapid formation of polyphosphate was observed and P cell quota became
174 fmol-cell~'. It was found that maximum portion of P was stored as polyphosphate.
The ability to store phosphorus is very important for algae to sustain and develop the
population under phosphorus depleted environment.

1 @iz

SNy FEBTOBREE, BHPTO) VBEVE Lo TLEERED Z Z Lo TED,
B ) CBECHEENSKE TS L T% Monod iCEE 2 12 R T ORBER
BB v, WD chemostat 2V EBRIC L D BHOMMRAKRTO ) L BETIIR L, &
BN v EFRCEKET 2 2 LB E S Tw 3 (Droop, 1968, 1973, 1974;: Caperon,
1968),

VoNREZLTWIRFIZEMIN T EES, BU) Vv EERBBCREShL2 L EXL Y >
FRINT 2 2 e BNEES TV A (Harold, 1966; Jensen & Sicko, 1974; Sicko-Goad &, 1975;
Sicko-Goad & Jensen, 1976; Fisher, 1971; Rubtsov & Kulaev, 1977; Grillo & Gibson, 1979; Lin,
1977), B H L OBBIGARO U X 28 ) VBOBTHEAKERT 2 2 L 8@ohT 03, %
COMENRERBRE ALY Ok, S8, BEETEERECRT SR (Kanai 5, 1965
Harold, 1966; Rhee, 1973; Aitchison & Butt, 1973; Kuhl, 1976; Fitzgerald & Nelson, 1966;
Jacobson & Halmann, 1982), Lo L ZH60RBHEFE X > THELES Y o RBEWIIFEE
KREEXRTEY, VDY Y RBEYL2RARCENT LB NS D,

HENP-NMRER W MIEA Y » OBREEFTE T 2 2 L 2iveast (Gilliess, 1981; Salhany
%,1975) % E.coli {(Ugurbil %, 1978; Navon %,1977a) K20 T{ThbhTwa, 2/ 3EEmT
DOEMMBA Y > DBE (Elgavish & Elgavish, 1980) b{TbhTw 38, HHAEOR I+
BLEZLOT, VrREKEL»S ) Y HEMRE~OEBBETOY v OBBOHH TR 2272,
ERPERAG LN T 5 BRI RREZHIEE GE¥10°~107cells/m! 4 — & —) i & THAR4E
REFEARAOCTEY, FE*REIHLEEE (NEEBHEBPTRKA10cells/m! BF) 20T
i, BREOY L IAEMLBEETLZYP-NMR OICHIZTTRETH o 12,

AR BWTREKRYA 702X LA2FORKEERICED, Vo RERE,S Y VELL
TARRETD H. akashiwo 2k 3 Y VIRDAS L) S ERBEO ML EE 5V P-NMR 2H0N T
fTo72,

2 RBRFE

BWok=sA 703Xl BWT H ekashiwo DMEERETo7:, NEBTOREE L VAL
T¥EAR R VT /2B AR ER L, H. akashiwo 7 0 — >3 (Watanabe 5, 1982) #12 © 121/




Heterosigma akashiwo® A7) 1) o EpE A

(6100, 18: 00044 7y @ LDRAH, B TCOBBEGIIEIHITLE - m 2 s THEEL
72o #IHAY EERIRIEI PO,-P=1.5umol/!, #HEBHIAREIIT9cells/m! 25 4T w3, BHET
BEODBREEANTH L BAEERT, BE0CE ICTHEELT -, A 18
1E14 1000 T o7z, BEMEH14E BB B 236938cells/m ! (LEMETEE R 1 =0.35) 103% L 7-8% 5
TH-REBILEL, RBUERS TV o7 5000, ZOBETHAMRAY v 25BIIR
NEFRBCELTWS, 4> 7Y Y 7REES CE - K2 HEERKE L. LEBOE9 © 00
YZU T 6 pmol/l @ PO-P ZFEML, 1RME-KICEDRALE, d-o828ELE
BuEag 7)) /2 To0010:00), > 7Y 7 RkiEbCE->TEMLT 3, 20
#®14 WL BEORETOY TV I R{Tof, EROEERLS, 17, 18BHEK>WTH
Totee 1110004 7Y > 7i24.001Fvs, 3 [id NMR ARH L LTH 5 AMEE 6 Eic
& B 2000rpm, 7 FOFEGEFT oL EREFERIC L AHHET o BBEEC LD EBR AR
L, EDTA ¥ii K,CO; TpH=7.5icFAM L 7= (Navon &,1977), 511 [ DH > 7 Ll%E
Fw7, TP, DTP, DIP, #ifgE@EKEHEL -, TP, DTP3~<A 43 v 2HMA V2L 545
BB %47vs (Menzel & Corwin, 1965), ¥ v 7 hnER Y v &4 0 ) B E(L s € THHR
ftx L7z, TP, DTP, DIP i3 Murphy & Riley (1962) #hick bV 77 2a>HHBllt— 7+ 7
AY—AANMBEROTHNETo %, HBEEKEZ I AVs—A Y v F—2BwTEFNFNET
BTz, 25140009 > 7Nzl 51T, NMR B# ¥ ZAUARRBOLFES T ET 72,
P AER BAREFW, INM—GX—4008EH NMR 2L, BHAEKI61.8MHz, Bl
HFE20KHz, ¥ —F ATV —2K UV —F, 4520 L0 VA THTE~KHROBE I TT-
Too BVE LB, BANREOZICL2E5HEOMDPBRELTEL NI IR T A0, B
LT ERDCE>TWVE,

10mm #O NMR BHEE 12, 30~40mm OF & HEE % AR THIE L 7z, SIS A ER
2mm D F v £ 2 Y —iZ, pHO.5O D0 D) YEE2ERHLTWwWL, ¥+ 27V —tho D0
ENMR ay 7 BESRFERALTWS, BonbEy 7 HESR, 85% Y VEE2RREL L TH
gLTwE,

3 RBER
B 1 H. akeshiwo OBEEEL Y, BEhoEEEREY v 8B (14 008EHE oBEEL
#TT. B, SEETEEHTOER) CBE2{ B {>TWn3, L LEFRIERL
LOA¥OEREE2% T Twa, R c3EBlEAY v aEROBMELERL Twa, BEISER
DI ) EBRRIBEID Y > 7 ¢id, N 3 FRIIT5 fmol/cell k2> THED, #HES
NTW2 POMREARNEHER g (95 fmol/cell; Watanabe &, 1982) DITOEIZR > T d,
IOHRGAIELOBE L E1on 5, HEISHBOW 9RICERY ~ 8 (6 pmol/l) DHENE
fTofed, SHMGOEMdO Y »BE I34.944umol/! - T, #nLIEE#iG o DIP
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Fig. 1 Temporal variation in number of H, gkashiwo and in DIP concentration
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Fig. 2 Temporal variation in P cell quota

(14: 00810158 ODEBELZITESRYBY L, H akeshiwo 12 & %) v BESIGEE I
Voo, 764 fmolscell"»d™ 2o T3, —%, B2 Wmd &5, MEMY »SHRISERY >
BNt 5 BT g=75 fmolecell"'# 5 g=119 fmolscell" i T35, Z DRI TH

— 50—



Helerosigma akashiwo®# 1) V) Byt

RTOLZLOTHREAN) Y ERR qOEE»SHEEL LY Y ERMEROBIGEREIR Vi, =8.8
fmolscell-t+h~! {211 fmol-cell'-d™") FIEHICHWEE R > TS, Z0EBMENY) v S5E
it ¢=180~200 fmolecell "WZURLTH D, FMIHE b Voo, =64 fmolecell +d & > T
B, ZDEIXV VRERETFTCESLR T H akashiwo 13V > RIS HE ORIz, &8I
B0 CERETI b b, IOV Uy RERESS ) VEM2EEE, 1H%E, 288,
JA%D¥P-NMR C 1 3 ) RBBAEBOHA 2T -0 3 TH 2, H3Fmah T3P
-NMR A7 FLVORBZAL TESHRLVEMCRIE T3 FETH 505, BRI BV TR
FFERANTWABHP-NMR D3R (¥i2 Navon &, 1977a, b; Salhany &, 1975) 7 SicEJ &
REL:DTH3, M3— 1Y »REWRETO H akashiwo D'P-NMR A2 b LR
To— 2 ppm HEICRZ 5~ 213 Pilfree DIRED U VB TH S, 124 ppm, 6 ppm i
HEPICE— 7B A 2 ZNEELLO T2V, V) VEN2 BEMEORA < L LHE3 1R
LTHD, PO —27RAcEEZLO® L LT, — 4 ppm {FiTI2 sugar phosphate, — 1 ppm
i orthophosphate, 6 ppm {TiTwH Y ) B D terminal phosphate, 22ppm 3L E Y U >
B2 non terminal phosphate DE— 78RN L, IR OEBRERZEEE LR TS 8ED
BV CBOBETO) v EREETT250: LTHECRAKEC LD THE, TAZLD
E—7HEER) ERAPERTHIERTELZLY, TLPROV I FALERYTE I
0, P ES 2ENNATFELRERRD 2 2 LB TED, HIEAY v EHED D BHEY
AU YESERIRE > TR VRS, I I TREHERIZED 2 Pi, orthophosphate,
sugar phosphate R UK U ) v BOBIGOELEFR 1R T, 2 &Y, B ) »RERET
D H. akashiwo MIERHEDICZ, PiS24 7R BREFELTEN, VY VBOERITHEL L
Ty, D) YOREBEZ DO TEAREBETH S, ) VM 2EMECE, Piatl0.6%E
A L7 Dicxt L, orthophosphate #37.4%, 1V 1U »E8#4918.9%, sugar phosphate #38.8% &
ABUCHIL, BeBIEht) 0 RIEEREA-> TRV VBELTOERMcE b S
RTwA I Ldbhrd, U EN26KMEHA TIE Pi 118.4%, orthophosphate #54.5%, #)
$343.5%, sugar phosphate #34.5% + %0, ZHLEHBETFNFhOVY—2 3 LEOEEZ L D—F
LRI 2T, U mN2eRfgrsng, #0 ) YBO7—L5 H akashiwo I
HiEh D#44% L FRREIC 2 - 7285, ZOBSTHEAY »STFE 5174 fmol-cell™' & iZiZH
WABE (#9200 fmolrcell™) WiwWiHE % >THED, Z0OHO) AeEHL IFZRKREICEVEE
BoTwd, REDZ s, VrRZRERY E2FEMULES, REL) v ERBEEO NS
B, ZHIEBEBRLLY Y 2EOLDOL&L26 TRV Y VEBE LT TEANTRELERLTILE
, KUV YBOT— Vol 2 - RIBLIE T, MR HEZ ) R EERT 5
LAUREE A T,
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3 161.8MHz iz B 5¥P-NMR D A~7 b
85% 0 EE% 0 ppm L L THER,
Navon ©,1977a, b, Salthany &, 1975 % & = &, A: sugar phosphate, B: Pi,
C: orthophosphbte, D: :K V) Y > non-terminal phosphate, (I : pH=7.5,
II1:pH=8.0, M:pH=7.7, W:pH=7.6, V :pH=7.T)

Fig. 3 NMR spectra at 161.8 MHz of *'P nuclei. All spectra are related to 85%
orthosphophoric acid at 0 ppm
Spectra are assigned based on published data by Navon ef al., 1977b; Salhany
et al., 1975, A: sugar phosphate, B: Pi, C: orthesphate, D: non-terminal
phosphate of polyphosphate.

(1:pH=7.5, Il :pH=8.0, ll:pH=7.7, IV.:pH=7.6, V .pH=7.7)
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Heterosigma akashiwe Dt 0 Vo RRHE L

*® 1 H. akashiwo BEORHHBE R LE D 2 ) MG BREI OHEEL

Table 1 Temporal variation in percentage of P components in extract of
H. akashiwe cell

Percentage of P components in extract

f H. akashi 1
Time P cell quota Y akashiwo ce

{fmol cell™*) P, orthophosphate suégar P polyphosphate
(h) (%) (%) %) (%)

1. Before P

addition (£ 2.7 0 0 0
II. 2 hours after P

addition 119 10.6 7.4 8.8 18.9
IT. 26 hours after P

addition 174 8.4 4.5 4.5 43.5
IV. 50 hours after P

addition 176 6.9 4.1 5.1 4.7
V. 74 hours after P

addition 197 7.7 4.5 5.1 44.9
V1. 98 hours after P

addition 199

4 E %

BEIC L) CAHORBE2EFATS S LRBESOBRRMME L -THEETH S, BED
NRZFVTR) O FCEEI ATV L ZCHY Y VBOBETERO) 2 EWMTLLE -
bRTw3, ZOBERIEEY) RZRECBLTHHEBRLERL, RBSY TV b
RAAROEEE LTEETH S, JOL 3 2ERIE "luxury storage” Xid “overplux” H&
LEMFFoRT VS, MSHERICEIT 5 ) o OMEER, Belldtkiromrilfme, Q1%
BEK « TAREOKN, BEED»SDEHENEI NS, TR - BAZFORMBEREIT 72 L
Th, *OMOERNZ) VEBESERICTEBIRYO T 2 ERa w287k, BED
WHEEUABL VI BEEC LA BORSBREHET 2 LT, BEELEBHNEREF> TV 3,
FEEEE T 3 Y >0 luxury uptake, £V U EOER, *P-NMR OEF & v - 25fEE
SHELFMCERLER, FEEERO ) LREBRBLBAS T ILESD L, FHRIEZD
B1HTHD, SBERAEEZ2ESCRBIRIL LR, SL{oBBERII>LTLHEALTY
SHLEMRD B,

#H OB

AFREFRTT2CLLDEBRRBYE LTT o RIUEHK CGRIRBERN 5 —) wBSt
HLET,
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Chattonella antiqua I 27 B LAEEBRE U
HEBE—7 T LEEBROBEAR"
Ammonium Uptake Kinetics and Interactions between Nitrate and

Ammonium Uptake in Chattonelfa antiqua*

this g 5!
Yasuo NAKAMURA:

E B

HBIEERE Chattonella antigng DT > & =77 ABEBRE UMEE—7 > T =7 LG
WOHEERERE L,

Freao o AEBREER T v E= v AHBEMN 0 — 8§ oMo # B TMichaelis-
Menten Rzt 577, BABHEER 22.0pmolrcell'+h!, HFFEHKIZ2.2:M ThH o7,
FrEoy ABRHEIEEEC L > THESZ Yo, —HHMBERRE 7~
TovianloTtHESRE, TyEovAEC L 3HEREHN (X15min) ®H 5
WAL, £, BEEEREER 2 )M OTF rE2 Y MEOERIC L > THS0% CHE
BRI,

Abstract

Ammonium uptake kinetics and interactions between nitrate and ammonium uptake
were examined in Chattonella antigua. After the addition of ammeonium to the culture
of C. antigua, the ammonium concentration decreased linearly with time. The
ammonium uptake rate as a function of ammonium concentration followed the
Michaelis-Menten equation; the maximal uptake rate was 2.0 pmol-cell-**h~! and half
saturation constant, 2.2 M. Although the ammonium uptake was not affected by
nitrate, that of nitrate was suppressed by ammonium; the suppression process of nitrate
uptake by ammonium was rapid ( < 15 min) and a 50 % reduction in nitrate uptake

AT (1984) DEFREFURNO—MENEETELLLDTH S,
Part of this paper was originally submitted by Nakamura {1984) to the University of Tokvo as a
Doctor thesis.

I, EEAEWEs AEHERES TI05 FMERKISHENT 165 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe.
machi, Tsukuba, Ibaraki 305, Japan.
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was observed at an ammonium concentration of ca. 2 uM.

1 rsic
FREREEREE T L, BREC» D IRERFEORERERT 22010, FHMORERA
LRDHEMTI 7 h 1) REEELPAFTESHICH S OERAIIY Ah CREIEENR
DEAF), 260 2 ERCIDAARZFEEEAERBOLARCEO LI RS TS5 08
EOBNE) *EENCHL»IZT 348 H 5 (Lehman 5,1975), TD L 5 2B 5 EiE
EBEOWTREORFNB CAEELREEBHRT 25 7 4 F & Chatlonella antiqgua DIWEBIER

T EEERIUEEAT L (P - 0, 1984d),

—%, C. antigua ZWBEr A7 v Eov B2 BREE LTAHTE (h# - #,
1984b), ¥ " EOMFENEBEATOT Y=o AHBEINBRELABETH S EE5,
1982), Bio 7 v o LI —RIC, 75 V7 b OMBEBREHEET 2 L0600 T
w3 (. McCarthy, 1981: Zevenboom & Mur, 1981), L7457, C. antiqua FEFEEI
b 2 REFREOBERHES ST 50 HIEREEROMIc, 7 =7 LERRRUH
MRIEERC R T 7 v e AEORR 22BN T2 4B B2, FRICBWTIE C antiqua DT
YRy MBI UHEE-7 - 7 AR RIOMEFR 2 2B RZREITVREE AV
THRELIHERELHRET S,

2 kB #EEEHRICIo2WT
2.1 & #
Chattonella antiqug DEE 7 v — 8 (Ho— 1 © ¥t - #, 1984a) »REICHH L,

2.2 HERFH .

TANTOFERERVERII°C, 0.04 lymin? (BXE8%T), 120500 128 REEE 4 2 0
(08 : 0054T, 20 : 00IAT) W TiTol, EEFMIIHE (bR « M0, 1984a) THDHEE
|z TRISH5400uM O Y »IZEELL, I TRISH7 »2=v L Ho MR 2HET 2
- T#H 3 {(Healey & Hendzel, 1979),

C. antigua 13600m/ DM % & $1,000m! ZA 7 7 A 2 TEBE LT 1, Bl ORBIE
BEIX11M (HER2, 4, 5 TSR »22:M (FB1, 3) ThHs, BAKIBEBEG
#50cellssmI' TH B, 3 RTOERGEMPOEBIED C antigue KRN LR L, BREN
WESHE (") #4713 pmol-cell”! (B/IMEIANERSE ¢§OK1.265 ; B « E, 1984b) i
HELREETIT 27,




Chaitonella antiguall K37 & =7 AESEREBEBIERTI-RIFT 7 reo o AEOHER

2.3 FrEZVLEEROERTE (R81)

EEBE OB L C antigua O (600m!) K7 T2 v A E 5 BENS yJMicik 2 E98
ML 72, BB I0—200 R C#I20m! 2 HE, 2 BL TP 2o A EBEORETLEEHL
17

2.4 FPrEZVLBBIREEOCPE-TILEREKREY (R82)

MR OEE L2 C. antigua 352 (600m!) £100m! ¥'25ED=HA7 5 A2 (200m/) i
Lz 7z, COBRFERL 0081HICITo . M IFMOFHEROR, 13:000&7 7237
YEZYAMEREMLL, BIEERSL, 2, 3, 5, 8 uM TH B, HIEIOSMOEES
T, BEFBO7 T2 v AEBEEL» R 7 AINTORNEE 2K, ZhE7 %
= ARABE O L U TFHEL 22,

2.5 WHEESICREITZCE-JLEONR (¥01) —BRHEL (R8K3)

ESIE DB L7 C. antigua 358 (600m/) 1213 0042 6 oM OMESE£FEML, %0 1 BRE
BB ypM O7 »EZ Y L EFRML L2, WERDHNE, ¥155MB TH2Mm! 2, 281
MBERCT7 v 27 AEBEORRELEER L. 2ILT, 7TrE=v afliifminEyns
R HBRERREESE S 2 M- 2,

2.6 WMEMESENCRETFAEZILEOMR (F02) ~FrE-JLEREOBEEL
T (XB&4)

2 LABROFET C antigua ¥ AOO=ZA7 FAICHELE, 13 0K&7 7 A 228
BiEL 7y E=y AEREINL 7. MEBERER4 2L 8 yMICEE L, 7Y E- v AKE
BiRE77227 B0, 0, 1, 2, 45338 yMTHZ, SPEERE{TY, BR
FiOEBEREOE, SHBEBREE 2Ry, IhE27 re2ov AETHBEOMBLLT
FHE L f2o

2.7 PrEZVLEBERNCREITHEBEONR (XB5)

EE 2 LRBOHET C antigua % HEOD=A7 3 AIRAWMUIz, 13:00&7F A 312 8
dMO7 =L EE0, 1, 2, 427238 oM OMBELRML, 0HEELL, B
RitgD7 v 2= LEBEOE > 7 =y AEBREE 2R, IniHBEVIRED
B & L CERL 72

2.8 HWFE
B7ZAALSFRULAFE? » M GF/C AR TABET >, 2ERT VY E=T 4




THES

ERUHEEEED MR LY, 7 e oY A Solérzano (1969) @ Fik, HEREIE Wood &
(1967) O FEicESE, Fr2ard— 1+ FF74F-MEHTHEL,
BBV oy AR UHEBEOBIGEE T + 5% OENREEH TERESTED 5 i,

I B B

3.1 PrEocy Bl

KB 1B T C antigua i k57 & 27 LEBBOREEL 26051 bk > TEM L
(BE1) 7rE=y AERERRBNE & b CEBNICES L, BEERE T —EE (1.5pmol -cell ™
h™1) #RL7

HB2IBWTT T2y JEEEGEE (Vie,) 27 & =7 ARRE (Sw,) OBKL LTK
B (H2), BEIGEE L Michaelis-Menten ¥ f ORIz ¢

Voan,=V R« Syn,/ (K 8"+ Sw,) (1)

IITVNLERAEIEE, KV RHNERTH 5, VL K3 () RCIHRERNE
FEFHEALUCGHELL (F1),

BB 7 2oy AEERE 7 v E= U LEBE4 WM EU 8 pM I THE L2, 7 >
=y AMEOFRME20 : 30ifTo 7. #OMOEBREFEER2 LA—ThH2, WIAORER
BuTh C antiqua IEENER 7 v 2= v A5 8HL, BREEEETOMINRTH -7

[ , . l

0 20 ) 60
Time (min}

B 1 7TreEovAEHENEBEO7 > E 27 AEEEORREL

Fig. 1 Time course of ammonium concentration (Snn.) following the addition
of ammonium
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Fig. 2 Uptake rate of ammonium (Vwnu) as a function of ammonium
concentration (Snu,)
Solid line was calculated from Equation 1, using the values given in Table 1.

F*z 1 Chattonella antiqgua DT > & =7 LAERUTEBIEBERIS A —% —

Table 1 Parameters for ammonium and nitrate uptake

i NH, NOz®
K{uM) 2.19 (0.57) 2.81
Vinax (pmol+cell=t+h-1) 2.02 (0.20) 0.91

K} I half saturation constant for nuotrient i,

V hax : maximal uptake rate for nutrient i

Figures in parenthesis are the standard deviations of each
parameter. a) According to Nakamura and Watanabe
(19844}

3.2 FrEZVLEVHRBERRNCEZTHR CHMEN TR ABBIIIRIZT
MR
EBICBLIMBERRE RIFT 72 v AE0NBE 2 BROEK: L TEN L (2
3)o TYEZT LERMATOMBEBEIESLHICHD L, WEE IS CER (0.59pmol:
cell *h™) 2N T3 2 edbhd, 7 ey AEEINE, WEHERE QRS E RN

Hatupha <, HEESIEE I RINEERE (<15min) @ 3 5i20.19pmol-cell*«h ' & T
ETU 7,
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Fig. 3 Time course of the concentration of nitrate (Sno,, (O} and ammonium
{Swu,. @) before and after the addition of ammonium
At time zero, ammonium was added.

HBACSCTEBEERCRET T v RS AEOQHESShREA 7 v 2 AEEE OB
LZTHELS (H4), BMBEEREEZRADIcL>THELR,

F=Vno,(Sno,, Snu}/Vwo.{Sno, Swu,=10) (2)

I ZU2 Vg, (Sno,, Sxu) ZEEEBES Sno, 7 ¥ T =7 LEBESR SuaD b & OEEIEEIR
EETHA, Snod 4 uM B2 08 yMICBEE IR T 3, FEIE7 227 LRBELEN
LEbREAL, TrES v AKRBE2 (M iT0.5 GONEE) EFRLA

HELSKBLIT7 VY EZV ARBRCREZTHEBECHRERN L (F5), HEELI 7 €
—w LAESREOBELRIZI Ao,

4 E B

4.1 F7rE=LBER

HENEY T2 0% OhOMEETIRT VE =7 LEBEA (o8 2 S>> K VT
boTh) B bicEki2258MonTns (Conway & Harrison, 1977; Glibert &
Goldman, 1981: Goldman & Glibert, 1982). QX5 2 b# C antigus THEU 2 LT 5%
S, 7YEZTLAERIERE 7 vV ARBEOMBE UTRITT 5 2 Lk THEW
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®, Sno, = 8 uM, FEBREQ)IR & K1=2 M £ 55HH,

Fig. 4 Effects of ammonium concentration (Snn,) on nitrate uptake
F=Vno,(Sxo, Sun )/ Vo fSxo,, Sxn, =0) (see Results).O, Swo, =4 M; @,
SNo,=8uM. Solid line was calculated from Equation 3, using the K1 value of
2uM,
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Fig. 5 Effects of nitrate concentration (Sno,) on ammonium uptake rate
(V).
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%5 L Lasts, FEOHE, 7reoy MEBREEREEIC LS F(™1), o TER
HEE (DR L TRITT 2 I e TR,

TryREVAFERATG A= — (K", VI 2F LR LE, B0 CRERERR
NTA—F— b TH UL (R, 1984d), K¥"E#2.2.M T K ¥ (2.8M) XD w
COPPE, i VI V 3402.2(%, 2.0pmolecell”*h ' TH 2, 2D I =i C antigua
WKEE7 ey MEBISHBERRL D 4 HOLTH L2 L 2FL T 5,

C antiqua \= £ 27 &= AEBIUE, WS, VO BESI:EBCEOHBICE TR
DEEERT o7 (hi < 0, 1984d), C. antigua 3 0 ESEE# %70, HHEIZESRE
DBELATHEHE TR TEL LEL5NZ0T WAS, 1979 dif - #:0, 1984c), &Mz b
ERCEBELBN TR 2ABOENIHSES I s THEARRER, AL Tw LTEE
ZEEEREH-TWIEELONE,

4,2 WHEBE—7E-ogLEENOEIER

Ty AEBEN TSy P o OBBEBREEE T L] E{ AT (f
Eppley 5, 1969; Bates, 1976; McCarthy, 1981; Zevenboom & Mur, 1981; Dortch & Conway,
1984), Ziik C anfigung BT HERCED SR (M3, 4), —~HE»OEHTZ 7
b TR EERE ST B 2y AR EHET 24 (Dortch & Conway, 1984), C. antigua i~
BOTRHMEBE 7 2o AEBRAOEE L b0 &R 0T,

EE#R Skeletonema costatum TWE T > € = LRRINE, 305350 - THBRERRAE2E U
L, L ULEads C antigua OB, 7TryEo v A 2HER S costatum WAL D ES
»T, HERBECETIHEEY 7Y 7HERBOLLF LD E 2 i ha oz,

B Oscillatoria agardhii TR 7 Y =7 AP HBRESRR*IFSHCHEET 2
(Zevenboom & Mur, 1981) :

F=1/(1+5xu/K1) {(3)

T K\REEERTHL, EBi4roBonT—F (H4) ZE—0RMRIC & » TEds
NE I iz, C antiqua OTEBRERIESE® Q)R ICETEET L2, 1/F vs. Svu, (0— 4
aM)O Ty b SRAAREIZLD Ki2ROZ LH 2 pM DEHE SN, Syt 8 uM T
Hlshl FEBHREBEL D OGO ESF N, P2y 0—4 oM OHE TR RS
BEEREN QAT RIS NE I TH 5,

ERFBECRPEVOHEEFACES 2> THRERERE 2 = 7 10T 2188, SR8
Vn=Vyu+ Vo) 27 8=y LEBE (Swn,) LTEEEERE (Swo.) OBE LTERLE
T3 b EETH 2, Coantigua DT &= AERUVHBESEGERE 12, fhahoifs

WMTIFEET 282 Michaelis-Menten # 4 ZORX Cadab & 41 (B2, vkt - #37, 1984d), LA
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BIEBERO 7 2o v AHIC L AEERCIRCTER2nE (H4), ThoDREREE LD
ViR L) eEREENG

V NSy, . : =
Vs :m!\l_}i{‘ +F+Vyo,{Sro, Syu,=0)

_ V SkeSwm, 1 Ve Syo, @)
K Y0+ Sug, | 1 +Ssu /K1 K E+5ko,

LinLzdis, (R TRERBRCREZTHMROEENRBORBEREIN T AL I LICHE
BFLAPhEE s 0w, FEEEREEERERBE oM, HiE0EBNRE—ERAERS
F(gV) CEREHE —-IC L o T LVEBEELSFT eSS B (Dortch & Conway, 1984; Gotham &
Rhee, 1981), UL7:H-7T, & DIFREC C. antigua OBFRBFR P T30, fMido
SHAREE L EBE LR TR Sk,
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Chattonella antiqua & Heterosigma akashiwo 0
FINHYKRRTZ Py —HiEHE"
Alkaline Phosphatase Activity of Chattonelia antiqua
and Heterosigma akashiwo*

bk
Yasuo NAKAMURA!

£ B
U wRZREEI & 2 Chatlonelln antigua & Heterosigma akashiwo DT A ) KA 7 7

¥ —¥EE (APA) #8E L, HED APA BBDTHBTRY, HBY VB A T
FUCRELTHBECRIATER G EAHEFL 12,

Abstract

The alkaline phosphatase activity of Chattonells anfigua and Heferesigma akashiwo
were found very weak. Each strain is apparently difficult to sustain growth when
organic phospho-monoester is the sole source of phosphorus.

1 @isic

ELOWEYTI Y b EHECERY VB AT A2 YR LTHATES (Iwasaki,
1979), FHEAKFOEHY VEBIAFAOBERLELES VM) X BERE L ERECRS
() : Kobori & Taga, 1979). ULedi- T, FHFREFEL e b 2 ) »O@EE BT 5 1R
FEREHC ) CEEER (P8, 1984c: Rigs, 1982) ®, ) Y RIRTE7 2MMEOH
F% (EL e, 1982 rhid, 1985) %#BHS T T 5 EREHC, FWEMNENLEICTRY

*  ARERSCHEPR (1984) OFRFAERMMNO—HEMEETL4DTH S,

Part of this paper was originally submitted by Nakamura (1984) to the University of Tokyo as a
Doctor thesis.

. ENAEWRE RELERETE  TI05 RS S H R 168 2

Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan,
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VEBIATAETIRATE 2L PHET L8NS L,

WH770 0 b BB VBIRA ARV CRELTHEATEZDR Y Y REREC B HR
Ry v OBEERECHER (B2 IR anlTaa ) KA 7 78 - EHHHETH
DOEHY VBT ATLENKSEL, BELRZILN VBIES 7S 2 FrBEBRT 20
£z 6 Tna (Kuenzler & Perras, 1965), L7:%85 T in vivo TOWEYW 777 D7
AUKRAT 7 & —EEE (APA) 2HIETRE, ChE 7707 b ESICERY
YBIATARHBEIZRIALEEO0?” OB LTHWSI B TES,

ZOEIRERL SRR B W TN Chattonelln antiqua i UF Heterosigma akashiwo
D APA PRITEL-HBREBET 2,

2 ER . HEEIAFECIOWT

2.1 # ¥

C. antiqua ODEBE 7 u— >t (Ho— 1 it - #58, 19843), H. akashiwo DEEH7 O— >
BE(OHE— 1 : #5700, 1984b), RN L LT Tetraselmis sp.OEE 7 0 — 3 (0T—1)
MR LT, Tetraselmis spid 7V o) vBIE (BHRY VBIATFTLO—D) 2V VREELT
mHTRFHATE (F2), APAUERCREaRD Z L pFHEsR S,

2.2 EmEH

TNTORBEEVERNZ25°C, 0. 041y - min~* (BOEERIAT), 1205THT- 1205 RIERRE 2 1 77 4 (08
0054T, 20 00LT) W TiF~ Mo, Bt 4 uM DAL L) VERIESXPIFRE L U TE L HEH
(debt - #30, 1984a) %fEMAL -,

H 3 500m] QMRS 11, 000m! =87 5 A0 TiTFo 7. APA OHIE IS ITER L
Hhicirs &, EBithoda by yERENEERIIBN SR LEBATT 7.

2.3 PLAVERR7 pa—HiEM (APA) ORI

APARRETHEZ 450720 YBINPP) &, HBEEL/Z7 a7 =/ — il
AAMRE A HEES SHFE LY (Kuenzler & Perras, 1965), BIE3E S s 2DBESHNLT
Totz. e pH 8.2 i, BB h B, Vo REREICH 2 BEAED 5100m] %
200ml D=7 AL AT, BEMO FHEEEDOE, 1 m/ 0#E (10mM NPP+10mM
TRIS) &ML, ECEMfF FERL A, 4-128H T CCURM 2 T, 810ml OY > 7 &R
L, 7v ke GF/C 28T T 2B%, 7:775i410nm TOBRKEFELAE L 72, BRREORIFIZ
i EAT220 A SR R A L 7o, WOERE O RSRIZE(LZ NPP O EEMMNMNASE S & U 51R
EEDRIUCHL THE®To7d, ZRIFRDKE e (<0.005 absorbance-d '),

APA Bz T ESROROHE TREL 72, 100m/ OFEEC I m/DEEL0.I5WL 1 ml
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Chattpnella antiqua ¥ Heterosigma®Dik 2 7 v % — ¥iEtk

DESHIAEW (ZnS0, - 7 H,0, 10mM) %3EM0L 72,
T BEEGHGEFNOSBS 43, HNENCEE 2 BT FEESHERL -,

2.4 BEBI-RET)ROYPR

HITER (Bt « 520, 1984b) WL HAKRT C. antigua, H. akashiwo, Tetraselmis sp.O
MEWCRIFTV AR (AU CEE, 7V eal BB OMBEHANT, C antigue B LU
H. gkashiwo 20 TREBCHENZENT WA (- #54, 19840 ; 0 - bk, 1984
b), BEAEESEOBER,» s BEERET-72,

2.5 A—bsL—=Fiodas R LEEONKRER

A=tV =7k va) YEBEOIMASHREERL T 240 ) VEIEOBE S
FLTERDz, A0 M) »EECRE: Murphy & Riley (1962) 0 AEEIC E ofc, #— b 71—
7 (120°C, 20min) WX -73.6%D7 Vo) »EENIKIMEEL R TS T L oL 72,

3 BRIEE

—HENTZ 7 DT AAVRAT 7 ¥ —EiENE (APA) BV Y RESBL S Rl
LRk 35 (Fitzgerald & Nelson, 1966}, U7:#' - T C. antiqua, H. akashiwo, Tetraselmis
sp.O APABIEIC Y V) RERWICH 2B 2 EH Uiz, Tetraselmis sp.D APA BEBHIHHE
Az A (0.07absorbance h™!, B 1), C. aentigua U H. agkashiwo @ APA 3EEH W HiE
TikgHashibrot (Fi), %8 Tomas (1979) 124 3 & Naragansett B o BEBL H
akashiwo (BRI T Olisthodiscus lutens » T30 0 « 8, 1984a £81) Tb APA 3R
gholzbwnd,

FAAHYRAT 78 —CRERRLCEREEA TV S, TOBRIRLF L —5 -2 AR
FET2 e FHEREMoNTRET 248, 7HRERCHEHB2ZHENT S LEENEETS
(Clebowski & Coleman, 1976}, SEIEEIC AWz EEFi1380uM © EDTA 2 gnTw5
DT (R -#7, 1984a), 5 i3 C antigua ¥ H. akashiwo DEBEBEIZELELTWE T
AVRAT7 7 —¥HBEDTAOFRAC L -TREL, TOBESRE2 b2 Li
Ry, & THEMICHESE (10pM, 100pM) %IEML APA 2BELL (K1), LLAHSHE
BOWRMCE>T o EBOBEEEED S NWT C antigua U H. gkashiwo AHEFEBC APA X

AREBBTHLELILRD,
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Fig. 1 Alkaline phosphatase activity of Teiraselmis sp.:

absorbance at 410 nm

Time course of
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AURAT 7 —EEH

Table 1 Alkaline phosphatase activity of Chattonella antiqua, Heterosigma

akashiwoe and Tetraselmis sp.

C. antiqua H, akashiwo Telraselmis sp.

::;:}_il) concentration{cells 3.9%10° 4.5% 104 4.7%10°
gh (pmol-Pecell™") 1.00 0.085% 0,008
gt/ g5 1.03 1.04 1.20
sl 1.36® 1.10» 0.50°
concentration of zinc{xM) none 10 100 none 10 100 none
APA (absorbance-d™") <0.001 <0.001 < (.001 <0.001 <0.001 <4.001 1.62
APA(Dmo]-P'cell"'d") <0.01 <0.01 <0.01 <0.001 <0.001 <D.001 0.21
R(%) <1.0 <1.0 <1.0 <1.3 <1.3 <1.3 300

a) according to Nakamura and Watanabe (1984b).

b) according to Watanabe and Nakamura {1984h).

¢) obtained in the present study by the same method as that of Watanabe and Nakamura (1984b).

d) ¢ is the cell quota for phosphorus at the experimental period and was obtained by the same method

4]

as that of Watanabe and Nakamura (1984b).
according to Nakamura and Watanabe (1984a).




Chattpnella antigua b Helerosigma k2 7 7 % —HiEH

FITIRAPAZ R LSRN TA—F BB L TH2, RRRACL~TEESH
3

R= 100APA

Ty (1)

IR TLRFEENTT 7 b OBBEEFIRL TR LIFOMIRKE (), ¢k B/ NEIEN Y
YER (PRE, 1984b o LA, 1984b), APA R T A AU RAT 75 —¥iEH (pmol
~Pecell'+d™) ThH5, RiZ1BYULDDY >ERE (¢5/T,) OA%ETAH YV KRAT 75—
YOERIEI>THRY VB AT A h o TCEIMERT NI A—F—TH 2, C antigua
B Uf H. akashiwo X5 R i3, FLEFRIRLUT, LIBLUFTHD (1), 20O L3EH
DUBIATADHEY VRELIES, WL OB ERTI TV ILETLTVE,
—H, F2PmH T (1984b) OBREEL L, C antiqua, H akashiwo D w¥h b 7Y
o) YERRIE M CER TR H 50, HEMEOHMET ), 2O I Lik APADRIENSE
BRITERLE—EFBELTWALIKEDbRA, LinLists, 5§ MO vy Bl
A=V =7 E>THRO.2eM D4 A M) BRI 2 (2.5528RE), ) o) SBE
Mgk D C. antigua B U H. akashiwo 5%, Z OHEBL AV L) VEBEOA %) ViR E L TH
FL, RELLELEZZ RS, 7V o) JEBIERNEME ) SRS TOBERE O
Spo, /R TEZHNLTHSD (Spoy, A—b 2L —F WL OEBELA ALY VEES
). TR C antiqua L T#I 2 X 10%ell » mi~!, H. akashiwo W31 TH 2 x10%¢ell »
mitEHES R, R2ERLLERFEE L Tw3, #-o77 Vo) VEHERINEH T
ROONDIWEOEME, A~ b7 v —710L54 0 Y VEEOEEC L - TESE, HEA
b,

REZ7Z7 07 FrDEBENEERRE—ETH-» T L BIUEA, BRI EBTEY - Tw3
EEMAEREN TV Z (Bl - dF, 1984b), L7a->THRMCIE C antigua R U H.

= 2 BFEHERCRIZTY vREOHER

Table 2 Effects of phosphorus source on final cell concentrations (cellsemi~1)

phosphorus source C. antiqua® H. akashiwo® Tetraselmis sp.”?

none 0.2x108 0.1x10* 4, 7x10¢

orthophosphate (5 M) 4.3%10° 28.3%10* 30.1x10*
cerophnsphate(S,u M)

% B mediony 0.4%10° 0.4x10¢ 30.0X 10

a) results from 10 days incubation.
b) results from 8 days incubation,
¢) results from 7 days incubation.
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akashiwo DL D HL DIE DT APA 2 HIET 2 LENE U2, e Ltk ,

E
AW E{TH 04T D, Telraselmis spODRTEIT o TP wHERE FLEE R
WL E4,
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ERbHH\Y UBIBRT o513 5 Chattonella antiqua DIBFE OB 28+
' Growth Kinetics of Chationefla antiqua under Nitrogen- or
Phosphorus-limited Conditions*

hAERE!
Yasuo NAKAMURA'!

£ B

BEHDZVEY VBT ICBES Chattonells antique DIEMOEHE & BHE IR
ERGTRITLI,

ERHETCs CIEEEE (1) 1B, dlsAMEEIoMBRERER QY @
E#E LT, VWb Droop DR TERT %7,

p=pt (1 —gh/g™

=7, VrRIBTEELTY ¢ 3RSZFEBENOMERNY) &8 () OBEEL
T Droop R THRTE 2, '

u=pp (1 —gf/Q%)

Abstract

Growth kinetics of Chattonella antigua under nitrogen- or phospherus-limited
conditions were analyzed using semicontinuous culture system,

Under nitrogen-limited conditions, growth rate (¢) was described as a function of
nitrogen cell quota just before the cell division (@) and followed the Droop’s equation.

p=uh (1—qi/Q%),

where ¢ is the minimum nitrogen quota and ¥ the growth rate at infinite @~.

*  BIIEPR (1984) ORFEKERMRIO—HEMEETL LD TH S,
Part of this paper was originally submitted by Nakamura {1984) to the University of Tokyo as a
Doctor thesis.

1. ENAERRF HELEREN TI05 FEEREESHEE/NEF16% 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Under phosphorus-limited conditions, g was described as a function of phosphorus
cell quota just before the cell division (QF) and followed the Droop’s equation.

pg=pt (1 —gt/Q")

1 @rLaic
FEREVRTCH2MW7 7 > 7 b v OMELE, ARPOFFERECEBEET 20O TIRR
S, BLATF s b AERNORIEIEERE (cell quota) I2EHF T2 2 L MNHI5 N TW3S (Droop,
1966 : Gotham & Rhee, 1981ab), L7237, REREER2EBHBLrOsbbY s
WTETLT 2355, KEREYO cell quota L WEHEOBFE CEEOBHE) »EEMICHH
SINCT 2 LEHHS (Lehman 5,1975), D&Y, HBEENOB LN, 51 shi g
B0 5 cellquota ZH L, Zhil cellquota & IBEFHEOREERESTBIET, 526h
RRBEREOLE, FUREMEY TS 2 b o BE0L I RRETHEMLAEATFRLTOD
BN TRISNG L3k 3,
IDEIRBALSKREBV TR, EOMFNB TASELRAL*BRT27 748
Chattonella antigua DBREHH ViRV VEHBE TS A MO s LEEEEZ S H AT
BT LR e WE T 5,

2 RER I HErFHE

2.1 MEEREH

C. antigua DEE 7 v — 48 (He— 1 ; i -8, 1984a) #8ElE L CEB LR, EREE
B X HEgE (B« BB, 1984a) #EALL. ERFHRBCIBS, StihOREERE X1l
b5 iE22pM, U CRIRFROEE, B0 ) CEEREE1.H2 03 M TH D, BEIR
25°C, 0.04 ly-min~' {BH}EROEAT), 128 —126H5HBE Y 4 7 4 (08 1 00547, 20 : GOIMLT)
WTiTot,

2.2 FERERFR-KBRIATLOEE
M1loSEROEERERRERY A7 L08EXRT, CORTREZA7 7 RATi2100
m! FOREENT: C antiqua OIEFER 7 7 A2 2 L EESNLERE (D) @G TES09
0042509 : 30DENC100XDmi 2 75 A a b iR EWMeng, LT 2tk 3o e i
(ISR | OB, S) M0 DmiENans, ULoBELEREIET LT, 09100
WD B AN EEROMITIRE (N D RU SR U THBMECEL TL 5, HARES
HOHECPORL 2 REEFEHE TR [EHRE] RT3, ZLTIERERETE SN 3H
#E b Lz C antiqua OWTERE W RITTRE, )V OB ERNTT 2,
EEREBICELL 7 7AW T B0 b A U8 A2 2 CHERTTET. C antigua 13



2#, U HIETILE T 2 Chalionella antigua BN

1000 ml of
H- or P-limited medium
in

[
p

I
mmxe g ‘In g

D000 D=0.15 p=0.20 D=0.25 Dw0.10 D= ao,335

output of culture

—
(100 x Dml )

sanpling
{ou00 - 0330}
input of fresh medium
~ {100 x Dol )

culture in semi-continmuous mode
{ about 15 days )

steady state

B 1 FESREROME

Fig. 1 Schematic diagram of semi-continuous culture system

ETBEH A 7006, 02000508 WOMICEDL THMAEEITS DT (P - #:T,
1984¢), COARMITEE (N) @®ENeET, 0800k NiET 5, 09: 0 TAR%
TFhinr SERBER NN 2, 00 0RERATHNA, SREEEN(L -DI i TR
VI L, COEIRBEH2 0FT—ERFELNL, FLT08: 0 H i TSR 2T THIH
DENTETEET S, —F, HIREHEIOBE (S) 1309 00FRLEb A RNT 22T
& C. antiqgua KRINENR LT TIRIZETITE Y, 09 0 00z HileiZt (Fodo | DRE
HSH OFMc LD SR D-SigTihbda, LaL i EEEES I C antiqua i1
SN TEFE TP oMAEoTLE D £ L THEH: 00F T¥ o iTEOHE2F 2,
i OMFENEE (cell quota, ¢') 109 005 1 DEFRCHEVLEML Tw <, iARRaARL
ok, SEBRHREA (02:00) 2T @@ —FIR7222802: 005508 1 00213 THIESH %
THTETREBLL, B 0KHIBCHEE TRS,

BEQL SRR ESE 2, [FMbsnl] BIEEE (i) LHERK (D) OMKDIIDH
tREHE <, HEESRIZ02: 000508 000MICETL T2 o EMEEER T30 b TELT
20 TIT—HZbl> TP SN EEE (¢) #HAT 3, ¢ & D OBRIE09 : 00k
WD L > T N, (1 -D) i THD U HIRIBRE 43, By CHEMNCHEETI LT
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2 KREEFREEREC BT AMRE V), FBERE(S), kUTERA
HEEFE (¢) OHAZRL B2k

Fig. 2 Diurnal changes of cell concentration (N), ambient nutrient
concentration (S) under nutrient-limited steady state of semi-
continuous culture system

BEANY : 00T I N, Z THEEET 2 r wABME» o HEnhd (K2),

N, (1 -D) 'e“'l:Nuﬁ‘g

(DX sWennddw, PE2BEELLDDL ETEEREE DB LIILD, pu=
—In {1-D) OWHEEEL b2 C. antiqua #RERX DS VHT I EHNTE S,

RRGHE (u) 25, BIENIEIE O cellquota (¢") O—EMEAKELTRINL I LAZ O
iz L - TS T & 2 (] : Droop, 1966; Caperon & Mayer, 1972; Gotham & Rhee, 1981 a,
b TS, 1982), SEAVLERRTIR ¢@—AO3 L TELLETZ(H2). 22T, BN
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2%, U ST BT % Chattonella antiguath 5

LELLERE> N, UL HlESHEHOEES (WHER) 2 XET5 rEbh 3 laTEnE
D g (B @ TENZIBEL LT C antigua OBTEEFHR LI, 2FD, u=—In (1-D)
¥ QOB E LTHHEL 7,

2.3 FERERR-ASHERZE

09 : 0022 509 : 300 M K3 (200m! ZA7 7 A2, 100 mi DEFLEEL) LoD
YINEEIRD L EROEMET oL (HL), ZOREIRRE DD, F— b2 LT
EEBLI:AAENy PEROLTT o2, BHTRFIEROETRERLHET 5 2 L THEMZEHAL
IR BT LT d Z L R L T, 270, BHREREETSI0OT, BOHRNE L U BRE
CREI P OREREAEEML 2, MEORE L - THERE (D) !

Di(~5®%ﬁﬁﬁﬁﬁﬂ(%ﬂé§ﬁ) (2)

E—FE R

09 QIR ER, SR AWML N H > P REERBE T 2T HREBE 282 L.
BEOMBRBEOER N+ 5 UOMMEEEEICNE - L &, RREFRECELTWS L
L P A .

FOUERRBIELLEAST, MRESAHEEFOGBEEE i w347 2 cell quota (Q") £ #
Elfre THbEIL IR ER, S0 ml 2HEWMY, 95 m! BEREE (N9 #lZEw
ALK, o7y < GF/C 20T A:8M%, ¥IBRERHE I (=NO; it PO%) 071z
L7, QUL nEHL 2,

Q'= (Si—5S1/N+ (3)

TSR OIEREE i OBRE, S0 0kBTsi0BBEThHS,

2.4 RBEOHH
BRI 1 Wood 5 (1967) OF%, V vEBEBE R Murphy & Riley (1962) @Ak
TE&, FroarvHRA VT IAF-NBCTREL .

3.8 B

B3 e EsERR e B0 2MRREORBROo—F Ry, PEMUERICTIDIZE, 7
—10E TEFERBICEL Twa, EFIREICH T 2R, 01: 00 CoHEAEERE (ST
EU cell quota (Q') %#F 1, £2&77T. #WRK (D) HE—0HS, MIEEEGRMEEH
OFIREEEHBE (5) KERKAILTwS, 2O EheSEHLEBERERTIIFEER
BR (K1), $50RY >~ (£2) 28 C. antiqua ORHAHRL TH Y, TOMORF (HIAE
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Timeld)

3 BERHBEREIBUIHTBEORBDEL
Fig. 3 Daily changes of cell concentration (¥ (1—I2)} under nitrogen:limited

conditions
N: cell concentration in the medium sampled at 09:00.

D: dilution ratio.
N(1—D) is the cell concentration after dilution.
culture conditions: 25°C, 0.04 ly-min-?, 12:12 LD. Nitrate concentration of the

input medium was 22 ;M.

BECRBE) MEEAHIBEL Tuinltdbhrz,
BEHBEREBIT 2HTEEE (1) ESTBEMOERED cell quota (QY) DEFE*E 4 Td,

2t QRO E L Tyb® 3 Droop DA TESI N,
pu=ut (1 —g8/Q% (4)
i gV EBFEO minimum cell quota, pild QVERERKXICHALBOBEEETHS, g

BRIy FRBRCBT 2 RMHEMEERE —SHERREOMEL BB S hTWw 5 (P
Ff-did, 1984b), AETH IR IHIE, R4 RTFULARMEYER(ACYTROTH




#EE, ) HIRT B 2 Chattonella antigna® A

# 1 EFRHRTEREBIC BT 5 EAE, HREBELCHRAERSE

Table 1 Cell concentration, nitrate concentration and cell quota for nitrogen
under nitrogen-limited steady state

NO, — * N
D o (SLK/I) ](\ﬁ]e(ll;-mlg)) arfv?i (Dmola-)cell")
0.10 0.105 12.0 1370 ND 8.76
.10 $.105 20.7 227¢ ND .08
0.15 0.163 12.0 1258 ND 9.54
0.15 0.163 20.7 1990 ND 10.40
0.20 0.223 12.0 1105 ND 10.86
0.20 0.223 20.7 1800 ND 11.50
0.25 0.288 12.0 995 ND 12.06
Q.25 0.288 20.7 1580 ND 13.19
0.30 0.356 12.0 861 ND 13.94
0.30 0.356 20.7 1342 ND 15.42
0.35 0.431 12.0 700 0.48 16.46
0.35 0.431 20.7 1112 0.65 17.95
D+ dilution ratio, g=-—1 n{1 —D). growth rate, S5§9: nitrate

concentration of the input medium, Ny: output cell concentration at 09:00,
Ny(1 —D) cell concentration after dilution process, S %o, nitrate
concentration at 01:00, @ cell quota for nitrogen just fefore the cell
division, ND: not detected.

# 2 ) CERERRECS T AHRERE, ) CBERERCERN) VSR
Table 2 Cell concentration, phosphate concentration and cell guota for
phosphorus under phosphorus-limited steady state

FO, — - P
D (cfil) (iR/I) %e(llg-mig)) (ifli/?ﬁ (pmof(-)cell")

0.10 0.105 1.63 2403 ND 0.68
0.10 0.105 3.30 : 4757 ND 0.69
(.15 0.163 1.63 2177 ND 0.75
0.15 0.163 3.30 4458 ND 0.74
0.20 0.223 1.63 2112 ND 0.77
0.20 0.223 3.30 3767 ND 0.88
0.25 0.288 1.63 1970 ND 0.83
0.25 0.288 3.30 3428 ND (.96
.30 0.356 1.63 1706 ND (.96
0.30 0.356 3.30 3092 ND 1.07
0.35 0.431 1.63 1416 ND 1.15

D: dilution ratio, g=—1n{1 —[}) growth rate, S7°: phosphate
concentration of the input medium, N: output cell concentration at 09:00,
No(1 — D). cell concentration after dilution process, S po,: phosphate
concentration at 01:00, §F: cell quota for phosphorus just before the cell
division, ND: not detected.
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oM { pmol-celi™)

4 BERHRT B2 HEEE (o) OHMEIEMAGEMOMRNERTE
(QY) it

Fig. 4 Growth rate of Chattonelle antigna under nitrogen-limited conditions
(«) as a function of nitrogen cell quota just before cell division (@)
O : nitrate concentration in the input medium was 11 #M,
@ : nitrate concentration in the input medium was 22 gM.
Solid line was calculated from Equation 4 using the values given in Table 3.

0.3

pld™h

06 0.8 1.0 1.2
QP( pmol-cell™"}

B 5 VrHRTCST2MMER (o) OHESRMMEROMEAY » o)
Q") Ktk

Fig. 5 Growth rate of Chattonella antiqgua under phosphorus-limited conditions
{z) as a function of phosphorus cell quota just before cell division ((F)
(O : phosphate concentration in the input medium was 1.5 M,
@ : phosphate concentration in the input medium was 3 M.
Solid line was calculated from Equation 5 using the values given in Table 3.
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EH%, U BIRTI351F 5 Chattonella antiguaDIM

M7, uiid0.78dY g¥id7.8pmol s cell™ » h ' T -7 (5% 3),
Y UEHIRFRC B ZEMEE () EAEEBRERO Y >0 cell quota (QF) DR K
TY, u & QPO Droop ®F

u=pr (1—gb/Q%) (5)
TREINDMEENEITI L, p8130.93 d, ¢5130.62 pmol « cell ' TH -7 (£3),

7= 3 Chationella antiqua QYR N7 A —F —
Table 3 Growth parameters of Chattonella antiqua

g (pmol-cell™") 7.8
nitrogen-limited
pald Y 0.78

gt (pmol-cell") 0.62
phosphorus-limited
ar(d™" 0.93

4% minimum cell quota for nitrogen, ¢f: minimum cell
quota for phosphorus, x5 growth rate at infinite @V,
ub: growth rate at infinite QF.

culture conditions; 25°C, 0.04 ly-min™', 12:12 LD.

4 % ¥

W7o v 7 b RERRRREBCE s EE, TOREHE (u) FEREBEO cell
quota O—1HiEIH & L T Droop @2 ({(4), (5)) TRBRaER3 - % (H : Droop, 1966;
Caperon & Mayer, 1972; Gotham & Rhee, 1981 a, b, C. antiqua DRE & p & S HELE
EAID cell quota (@3 QF) DIz Droop DEHERMMEIZL - (B4, 5), %3, Droop®
A, HLETEBRRNAZLOTH T, *OEWENLEREILTLIHSHC ISR TWERT
WBianz eEHRELTs L,

SEkH SN EE, Vet T 3 minimum cell quota (g% g5 F3) 12, /vy FEEZ
THE SR (PR EE, 1984b) OR2/3TH B, 2OEDORAER, B2 Ny FRTH
BEOCRBCSTREHOFMAPE L L A5y, HROETHERTEL (L3 I LICH

KT20TH39, T4hbbH, "y FRTORKMEEEIECEL Yo ELLEiICBoR
BIEEARTAE 2D, R, 1 #:2(1984b) 0 (1) 538 5 1.2 minmum cell quota

BEMOELD DREL 25,48, BEERRCBLTHRRK(D) 280 T/hva L (D <0.05)
Ly FE/vy FHEBRGIDOURSE, 8RB 3 cell quota iF, Droop Db 6 Tl
NOBEIDHREL DI L2H2 (swingback THR) T L 2L TH L JETs, 1982),
FEESBINETC antiqua \= L 5BF, ) U RBRMIBRERN L TS0 (BN - ST, 1984
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d ; ofd, 19852, b}, FEEBWOF— 706, BULZAFEFLEL o N XERED L &
T, C. antigua DIEESBERTO cell quota (@) MEHETE 2, IThitEAHRTELLLEHE
HEE QOBFREEASLELZ LT, SASNLKERECL L, FES LD LI REETH
L, COTRFABEERL TR hBHL» R THS I,

o2, CNEFTOXRBEBNERY, REEXZREOHEEMWTITbhbDTHE Z
LEEBELRTAE R S 20, SEEERGEE I RBHIBE LA E,C, MROoERNIR
BB O(FRCREEE) k- Tv BT 28EsnTE Y (H : Caperon & Mayer, 1972; Rhee,
1973; McCarthy & Goldman, 1979; Gotham & Rhee, 1981 a, b), ZOEE% C. antigua iZ 20
THEHMEL TR U T, &ML FRBHEONHARRAE*EELBCET VICHAANS Z EAHEE
LR, T C antiqua FEREC A D3 TN TNORBEORE 2ICET 2 2 LA THE
Y23, SERVEEEFEERIT, SIXE0EBENRE CEEEE) ChIHEEREER
BT E B0, REEERCREITHEOEBNREOHE BN T3 0@lL Tw5. BE,
C. antigua OWEE, 7o rtoval, UV oBERIGEN Y, BEREORGRFFEEEER
AVWTREFTH S,

i
EFRETI Y, EBRO—BEFEo TR uLELAERYET AHE—HBRICE
ot LET,

5 A X m
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An Experimental Study on the Thermohaline Circulations in the Bay

RE &'« EAEE
Akira HARASHIMA' and Masataka WATANABE!

B g

WEKB I 2 BERERT Y, ThcBEBL NS - AFEHECEREBROREEG L BFT
BRONRDEILEBELITo . BERFTHEL - ERKE (WBREN: BS54
m, 7KIF0.1m, (E0.5m ; HREEEHR C B X1.5m, A&EFE0.7m, 181.5m) WK EHEL,
—Ifdn & A EEBR I ICHEA L THBAFOMN (A F v+ V—) BORSREEMEL 2,
ZOOREED o A EEET O KB R EYR I LR ¢, EHERC L 2 BEESREREC
IAEBECHEEINRTO L, COBRUTOL I L8REHaN:, 1)
HARBREBEOTE 7 v — PHRFRE (flowrate) IEFER 0. 28ETH2, i) £
SMEE, KREEOHRBRC L ZRERBEORLE AL, BREr6 LBBEanks
(b, TOFEEREER7L—FEFRET LIRS, iil) LEESOMARCR
BEEARIEERICERL, AREERCmE T 28ER/0a ks, v) sakR
B 3EEENEMEEC L AEEEE DV 2 30T 5L IR D L EARKIIIERELYD
LTREEHNZ LIRS (2% overturning EEER), $hi) OB TREE L8
WERESD, v} OBETR YAV 74 A —RESH SRS, 27, HEO DK
WAEMLL, JOEROEASBERALAEREBESORRS LT TO {ERBRE{T o1,
COBE, ) OEME P overturning 3 B T 2, HOoREROBEESE AL
overturning #2Z &7, overturning i OEREOBEC L ER T &S5y,

Abstract

An experimental study was carried out for the investigation of the 0-th order image
of the thermohaline circulations and associated water exchange between the bay and
the outer ocean. The experimetal channel consists of the inner bay section (length ; 4m,
depth : 0.1m, width : 0.5m) and the outer ocean section {length and width : 1.5m, depth :
0.7m). They are thermally controlled at the bottom boundary. The fresh water was
discharged at the end of the channel that was initially filled with the saline water. The

1. EUAEMTEN AELSERES TI056 FNRFEEESHEERE/ NI 165 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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outer ocean section was then slowly heated up so shat the salinity deviation was being
gradually cancelled out by the temperature deviation in terms of the water density.
Measurements of the temperature and the salinity profile reveal the facts as follows.
i) The densimetric Froude number F; (= ¢/h,)/ v g(BAS/p) hy) is about 0.22, where
q, hy, BAS are the flowrates, the upper layer thickness, and the density deviation due
to the initial salinity deviation. ii} The reduction of the density deviation due to the
compensation of the temperature and the salinity causes the thickening of upper layer,
which seems to conserve the Froude number. iii) In this stage the discharged water is
tend to stagnate in the inner bay section to feed the thickening upper layer. iv} Further
increase of the temperature of the outer ocean section causes the overturning, since
then the fresher water flows underneath the warmer, saltier water. Remarkable
‘diffusive interface’ and 'salt finger interface” are ohserved at the stage of ii} and iv),
respectively.

1 RBLsis

HE N EOMOBAZEIZEL T, B¥ReBACEANE (FER, FUEHH) »E
ExGEx R I ep0u{ 008 0fl» s mEE N TY S, JOBOWNICEL TR, Bl
F—sOARELHD, TrrERLEThA TRV, TEHREHLVEANBEERE LT
FripbBEANRERRO Y —YEH 1O L3 CENCHE» NS, Tabb, EHKE,
BT 2 MBR FIIATAL L b AN L TRABROZE I EEH s Mm@ (L
BELIUCESOREEAZBEHORBEA L v S B T thermal buoyancy flux & U saline
buoyancy flux XIE3), ZORRERENSBE o, (= ow/ox—0ou/32) ZRERD, BRI
FEETHAEICA»Y, FTETEAENEMHET 2 AMmIzES (B1-1), Jhidl, £#ic
4312 thermal buoyancy flux @M L TRBOEN 25855, b L saline buoyancy flux
PEETE AR EETHE» SWBCHRAL, TBTHRYT 2 BomRASERS 13 (H
1-2), COE—FOMBICEIL Tid, FidT (HS-HU, 19842, b) KB THREHRRLE
NICHE T 2 BEEEE % 1T - 7z, % 72 saline buoyancy flux $EERBSCIRE 1 -3 HOEHEE
CED ok b ONEERRSERS N, LR o> 0 DBREBRREATF T EEZ 50
Twk,

LiEDAH =X AERIGET LD 2 ST, MAEBEOEEIPrbo T, 2 TRERRA
BEBRACERZREHET 300, BRNORBRERZOMMEESLGL, BEORMEICAs TR
Wrbzz, ¥, MERBROBETLHY, BHHTLHD LI 20KE, EFOAHNE
AR, BEEESLWORBTREEOMMEEEYT 5., 2512, Pingree & (1973) 28T A LD
i, EXEEE L EBEE (BSBEE) OENNERRS —REBCEELRFEREL T,
IOLIRBEBRREKOEERC L 2T, ZENERLSOT7 Fu—FOEBER IR E
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A Numerical Experiment on the Bioconvection in the Culture of a Flagellate
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Abstract
Several cases of numerical experiments are performed on the problem of
bioconvection in the culture of flagellates. The goverening equations are time
dependent transport equations for the vorticity and the microorganisms’ population
density and an equation of the fluid density dependent on the population density.
Starting from the uniformily populated, still water condition, a densely populated
upper layer is formed owing to the upward swimming of the microorganisms. When
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this state exceeds the critical condition, convection cells are formed in which the
‘falling fingers’ locate at the places of downwelling, This pattern of the fingers is
qualitatively alike to the one that appears in the cultures of a flagellate Heterosigma
akashiwo.

Furthermore the flow system shows a two distinct stage. After the formation of
densely populated upper layer, convection due to Rayleigh-Taylor instability is
excited. Then the flow pattern changes its characteristics to form convection cells
similar to the stationary Bénard convection. In a cases based on the small diffusivity
of the microorganisms the phenomena retain time dependency and 'gathering up phase’
and 'falling finger phase’ can be distinguished. In this case, the flow system is
characterised by the intermittent Rayleigh-Taylor instability that arises after the
gathering up phase.
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Fig. 1 A schematic diagram of the computing domain and the points for the
definition of the variables
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P=Po(1+a'np) (2f6)
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Table 1 Parameter values

Runl Run2 Run3 UNIT
H 2 2 2 ' {em)
L 16 16 16 (cm)
o 0.5x107*° 0.5Xx10°° 0.5x1¢-*° (cells~'m{)
T 108 108 10° (cells mi-1)
W 0.01 0.1 0.01 (cm s7')
Vi = vy 0.01 0.01 0.01 (em? s7')
o 0.61 0.01 0.001 (em? 5]
Raf 7.84X10* 7.84 %108 7.84X10¢
Pr 1 1 10
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ERHMECY, TBHO n, 37 4 »F—ROBELET LS TIWTHS S, £/, 22T
eI bl o TEHENIGERI ALY —OFFRE LTHED Ay~ LE W SEHEI NS,
W3 W ORMELERT, =0si28175 W O, ¥ ERESEE L TEAO8%E
DBEETL TV 5. W REMENRO LD t=30s (T THOL, Thh S LHHEKIC LS
EFYy Y r LI ALF Do ERIALF —ADIANF—OBTOLDIERERI LD S, 1=
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Fig. 2 Transition of the distribution of ¥ and #, in Run 1
Contour intervals are 0.02 cm? s~ and 2X10%cells mi-!, respectively.
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Fig. 4 Transition of the distribution of ¥ and #, in Run 2
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5 HVEEE (2 mm) NS BT 2EEIE Heterosigma akashiwo O34
¥ — L DOEZIK15em

Fig. 5 Distribution of a flagellate Heferosigma akashiwo in a relatively shallow
(2mm) basin, whose diameter is 15 cm.

6 HWEEE (4 mm) RiZBO 2 EEE Heterosigma akashiwo O 5370
Fig. 6 Distribution of a flagellate Heterosigma akashiwo in a relatively shallow
(4mm) basin, whose diameter is 15 cm.

L = i J
T BOEASBC B 2 WEE Heterosigma akashivo DT 7 4 v #—0
JiEZT
Fig. 7 A side view of the falling fingers of Heterosigma akashiwo in a relatively
deep basin.
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Fig. 8 Transition of the distribution of ¥ and #, in Run 3
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B4/ naXLlzBlT 5 Heterosigma akashiwo DIBRE
In Situ Microcosm Culture for Growth of Heterosigma akasiwo

HNIEE - EiL 5 - ABHE . hHRE - F S &
Masataka WATANABE!, Makoto M. WATANABE!, Kunio KOHATA!,
Yasuo NAKAMURA'! and Akira HARASHIMA!
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HEEHOBRES L <HEHEL, »28W77 2 ik adR, oBEEr oS
DL, MBS #5  HHORE X BN LSRR UOBNERER R~ 17
OIXA) BHEL 7, REBRESESBCREL, H sheshive DR U
BAEERL -, SRR, SRIBIK E AREREOR LML T Y H akashiwo 1R
STEEL, REFBENMNES i 2 OER, (1)74 7oaX2NA0OMERERICL -
TR H akashiwe ORI L > THRRBC R VE2 2 E, (2)RBTO
BMEC R TEEOCHESTEER L, (3)EBERL L KR - BE - BFoM:
LTEREsh BTV E, 2hooRBRBEEFORVHEERVWIYI 2y —¥ 3
YLIRERE YA 20 X LEBER ORI —BER,

Abstract

In situ cage culture {field microcosm) was made and it can eliminate the effects of
(i} grazing due to zooplankton, (ii} competion with other phytoplanktons, and (iii)
accumulation or dispersion due to flow fields. These field microcosms were instaled in '
lzumisano Harbor, Osaka Bay, and growth experiments of H, akashiwo and field
survey were conducted. In spite of drastic change from incubated condition to field
condition, H. gkashiwo showed rapid adaptation to the field environment and
satisfactory growth was obtained. The following results were obtained, namely (i} in
a field microcosm, nutrient could be a limiting factor for the growth of H. akashiwe,
depending on the rate of mass transfer through filters, (ii) the effect of underwater
irradiance on growth of H. akashiwe was significant in the field, (iii) growth model
based on experimental data of temperature, light and salinity simulated the variation

1. ERrAEHERr KEDEBRES T30 RERARESEEE/NTF)116% 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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of cell number of H. akashiwo, uging daily averaged values of these environmental
factors, and satisfactory results compared with the results of field data were obtained.

1 kiwic
Heterosigma akashiwo 3 KRB TERHREEHRT 2774 FETH S (3D - T, 1984
a), FARABEOMBERIZTT KR, BE, 55, $BEONRLENEERRUEN~( I T
TALEROTHRNLTE (BT - 8, 1984, b, ¢ ;K- ¥, 1984, 1985), #hit,
HEAM R BBRERCL VB oALFBREESY L BERT £ O EHN, TROMGIIBISES
WL THEALI B ENnIEZ HEETLDTH S, UL, fifEaT e, ~i  BE-
HASRBNF 2Bl T8 ons, BrBERT L OTENERL NREN CORER
FCBREBORICER T 258, AELMELZ0RAFERCBTRIBEEFSIFEE L
KWRELEBLTWEILTHL, COLOBEBEROREL L HERAL, 28»r089 77
Zhick2WR, HOoERE L ORGORBE, KB EWN - MHOBETLRAL TS
FT H. akashiwo OHEERBEE S HCTI2LEHH D, JOLI 0B IH» o, RBREINERN
BEBER B4 7a0X50) 2EMELL, FUTI983E 8 Bz H. akashiwo FEOHF IS
ThLARBREFRREBCEHBYA 703 X4 5BEBL, 0B TD H akashiwo DHEWEFER
M FFA B 2 EML 2.

FHRCBWTE, 2CTHROARER2 LD, TNEEHBRERLSFHEINIERLON
HEHEAL,

2 EBRREUREHRA

BUgR~ A 7 00 X A% B BB HFER, IBR58E 8 H 1 H-21A £ TARFRETHD
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Fig. 1 Schematic view of field microcosm
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(Guillard & Ryther, 1962) TH:# U o oA % H. akashiwo (clone OHE—1 ; -
drif, 1984b) 2 BEL 2, FIHMIREES L 2 X10%- 1 X 10cellsmi~*TH 5, EHI3 ! 00icIEH
w4 rsaaXAkiEkE 0EE L, f920ml 2EL, 28BN Zodica i 2 MkRE
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2.3 IRBRA

EBREBMThEBE A 7 03 XARERN TOKE, B AGEE, Ha, EVE, XRE
FRIEL 7.

KB — 3 ASKREREAL, #E 4080730, 10: 00, 13: 00, 16 1 00), R X D 0.5m
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Solérzano M8k (1969), PO id Murphy & Riley (1962) oAk IE, 773>t~
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RiE~A1 703X LND H. akashiwo DIETERBEOEROBEL %K 1z, MEKREEER 2
T BEIZTROLEHEER (1) 3, HNEHEBEHTOBETH L, UTEBWIRB~4 20
DX LWNTO H. akashiwo DX, KB, B, BE, EHELOL2bLDBOTHU 2,

i) 7&iE : @3 CEBYMTORRE.5m L EL0.5m TOKEE(ERT, 8F3H—8EI15
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Table 1 Summary of field microcosm experiments

Initial conc. Initial
Series Run No. | Location | Duration (mg/ 1} cell No. ( dE‘)
PO.-P  NOQ;-N NH,-N | (eells/m{)
Run 1 surface 8/7—8/12 195 0.28
@ vertical 0.020  0.024  0.019
Run 2 migration 8/7—8/15 617 0.53
Run 3 | surface 8/10—8/15 821 6.55
Run 4 | surface 8/10—8/15 1055 0.72
B) vertical — 0.024  0.016 .186
( Run 5 | T tion | 8/10—8/15 0 _ 0 1324 0.32
vertical .
Run 6 migration 8/10—8/15 1221 (.55
Run 7 2m 8/11—8/15 506 0.30
© Run 8 5 m 8/11—8/15 0.007 0.021 0.012 208 _
Run 9 | surface 8/17—8/21 1390 | 0.31
Run 10 | surface 8/17—8/21 998 0.48
vertical -
Run 11 | YeOIel | 87178721 ns | 0.3
ical
@  Run 12 | SRS (8178211 0042 0.044  0.053 1163 | 0.43
Run 13 2 m §/17—8/21 1159 —
Run 14 2m 8/17—8/21 1030 0.13
Run 15 Im 8/17—8/21 1374 -
Run 16 3m 8/17—8/21 : 1103 —
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Fig. 2-1 Variation of cell number in field microcosm experiments {Run 1-8)
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Fig. 3 Daily variation of water temperature and salinity in Izumisano Harbor

(@ : surface temp., O :bottom temp. & :surface salinity,2 : bottom
salinity)
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Fig. 4 Daily variation of underwater irradiance in Izumisano Harbor

(O-Q : surface, daily average, @—@ : surface, measured at 13:00pm,
A A bottom, measured at 13:00pm)
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Fig. 5 Daily variation of PO,-P concentration in Izumisano Harhbor
(@—® : surface, O—O : bottom, X : inside of microcosm)
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Fig. 6 Daily variation of NH,-N concentration in Izumisano Harbor
(@—®@ : surface,0—O  bottom, X : inside of microcosm)
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Fig. 7 Daily variation of NO;-N concentration in Izumisanc Harbor
{@—@®@ : surface, O—Q : bottom)
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Fig. 8 The relation between growth rate and temperature for H, akashiwo

(O Experimental data (Watanabe & Nakamura, 1984b},— : Calculated
value from eq. (3))
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Fig. 9 The relation between growth rate and irradiance for H. akashiwo

(O : Experimental data (Watanabe & Nakamura, 1984b), — . Calculated
value from eq. (4))
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Fig. 10 The relation between growth rate and salinity for H. akashiwo
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value from eq. (5))
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