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Yamamoto, T, Y. Yoshizu and K. Tarutani 1995. Effects of Temperature, Salinity and Irradiance on the Growth of
Toxic Dinoflagellate Alexandrium tamarense isolated from Mikawa Bay, Japan. Jpn. J. Phycol. (S6rui) 43:91-98.

Effects of temperature, salinity and irradiance on the growth of toxic dinoflagellate Alexandrium tamarense isolated
from Mikawa Bay, Japan were investigated. The ranges of temperature and salinity in which A. tamarense was able to
grow were 5-20°C and 10-35%, and these values were in accordance with those observed in situ. However, the growth
was suppuressed by low salinity at temperature below 15°C, and irrespective of salinity above 25°C. In comparison
with the field data, it was assumed that the generation of this species in Mikawa Bay might be delayed if the in situ
salinity is low, and the timing of the disappearance might be mainly affected by the temperature increase. The optimum
temperature and salinity for the growth of this Mikawa Bay strain, 15°C and 32%,, were also in accordance with those
observed in situ when high cell density of this species was found. The irradiance-growth curve was described as jL=
0.16 (1-45)/(1-28), showing the maximum growth rate of 0.16 d"' and half-saturation constant of 62 PE ms"'. The
irradiance-growth curve also implicated that the Mikawa Bay strain does not grow below the irradiance of 45 pEms™'.
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FI&EIZBIT 5 A. tamarense DEEIZ3~4 FICR 5N
(L2132 1988), BRICIIRERE T CTHBET L1202
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1967, Watras et al. 1982, Anderson et al. 1984, 7 7L 1985,
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WHERIE B L RRICOWTEE L,

M EHE

FEERITIZ19914E5 B ICSimMEL» LR, F#L, €
Ry EREBE B OB A E R EL TN
25 YTIZ & BTESER/ANBRICHIZ /2 A. tamarense 7
O — V&AW, BT RIERIAEK /2 553
(Guillard and Ryther 1962) 7*% 7 4 B %% &, 100ml
123t L 50mg DEIE T Tris EMR 72 b DEMEAL 720

BEARICE, A YVORBRE (13 X 100mm, Pyrex
W) FEA LA, MARE L LOBRERTRTZY -
YRVFHTITolzo BB, EBRICER LT A%
BRI TTHAICHEL, BREBIE%, +—
F 7 L—7 (121°C, 25RJE, 2053) &2 \WIIHERE
(170°C, 3B§M) 2L ThOFERALL,

invivoy 007 ¢ JLEY EMBRBOMGR

AL TILKRISENRS & I IZinvivoz 0T 7 4 VE
FELHRKEOBBRED LN LORDTBVT, in
vivo 7 007 4 VEFEDZEALT A. tamarense D IEFE
REMEiT A & & Lo KERKEOY ¥ 7 & Bk
CRETED ) 2, BEREROEMIIH ) A XD
KBELHONTT Y ) VPR ETHB EVHF
H%%AT 2 (Brand et al 1981),

A. tamarense % 7K 15°C, 3853 34%o, YEHREE 200
ME m? s, 12L: 12D (BA#HiZ 8:00~20:00) DEAREAE
B CHIRLEH 3.7 X 103 cells mI! ¥ THIES LD D
EFARL TSI SELMREEOBERE 2K Y, &k
JEBERT (Tumer Designs #1:8 Model 10) THLE % fil%E
L7z HAXMEDREIXBrandetal. (1981) (2% 5T
TNV EHISTEELL, HHELTrLTILE
L, UTOERTRTIIBWTHEBEICIT- 720 FBRIC
MBEE L, MRl L BEBEORBRERD L, 7
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hiz (Fig. 1)o
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KBER (74 THRAKBRERIE, YV=71—5/
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In(cell density) = 1.197In(fluorescence) + 5.614

.
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Fig. 1 Relationship between cell density and in vivo chlorophyll
fluorescence of A. tamarense.
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20%o T3 LI FESE 0.05~0.08d"!, B KINE 100~2100
cells mI" &AK\VME# IR L 72 8%, 25~35%0 Tl iR
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Fig. 2. Growth curves of A. tamarense grown at various temperature and salinity combinations. Each symbol represents the average of
duplicate or triplicate data. At 25°C, no growth was found in all salinity conditions. pH8.2, 150pEms, 12L : 12D.
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Fig. 3. Countour plots of specific growth rate (d"') of A. tamarense
at various temperature and salinity combinations. Calculation was
made for the exponential growth phase in the batch culture incubation
(see Fig. 2) . pH8.2, 150 pEms, 12L : 12D.
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WREICRIZTHEEDHE

10, 30 uE m2s' TIIHFEAROH 5T, 50, TOUE
m?s! CHEFEEIE 0.06, 0.08d' & LA L, 90~190uE
m?s! TIIHEHERO0.11~0.16d" LIFIRHE L ko7
(Fig. 5) o BAUNEIZ 50UE m? s T 2260cells ml" & 4>
Ldo 725, 70~190 UE m? s OFEHE T 4700~
6840cells ml' T, S HDEDMICIIHETICIIES
LEFRBOLNLZD o7 (WRE, df=17, p<005; Fig.
5)o FEBIEBR/NETEICE BIEUNS, pmid0.16d",
KsiZ 62 PEm?s?, IoiX 45 Em2s! &% b, (3) Rid
p=0.16 (I-45) / (1-28) (r=0.868) & % -7 (Fig.6)o L
7eho T, FEITHME 45 LE m2s' LT OFFHTIE
WHTELRWILDPHLNE LS,

# =
SEIOEBRERD S, =MTEE A. tamarense D il
Kigid15°C, HBEEFE32%TH 5 L2 5 (Fig.3)
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Fig. 4. Countour plots of maximum cell yield (cells ml') of A.
tamarense at various temperature and salinity combinations. pH8.2,
150 pPEm'%s™!, 12L : 12D.
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B 15°C, B 32%H:aTH Y (LEIZH 1988), 4E
DEBRTHEL N RBKER - EHIBHOBAKEE L
L (=B L TWw3, A. tamarense DK, A KT 3
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12, AMEEEOKTIZ10~18°C, 32%. T (FTmk -
H% 1990), JbkRiEREDFNIE 11~22°C, 30.5%0
(Anderson et al. 1984, White 1978) THIFEAERTH S
twbhTsh, SEADERERIIC NS & L CEM
LTWw3, —F, BRBKRICOVWTIRABEOKRT
28°C (Suetal 1993), B#IES SOV TikILKRIE#ERE
EE DT 15-23%0 (Prakash1967) L DFEF b H b, #
itk 2EBVDDHEEH)ICBEDNIS,
SENERTELNI0IZ4SUEm2s! L /L, =
WS A. tamarense YIER AR ETI ISR VE
VESREEDSILETH B T L A9 o 72o Yentsch et al.
(1975) ALK HEREE A. tamarense D Y6 — o & B AR
PRANXE S, HERZOMOED N — AR
LG BEVIZRON ol RO DERBEDE
MBS TV WAL, #1000lux AT OR
BE T A. tamarense D REEE{LHIFl s hTHB Y, b
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Fig. 5. Growth curves of A. tamarense grown at various light
intensities.
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Fig. 6. Specific growth rate of A. tamarense as a function of light
intensities.

NIHEFRRELT ThHoz b L TR DBRERFT
9 &, 1000lux DBEIZH 13pEm?s' L2 B, ZDK
MEIRFEEICEL, SEARONAEREIHERT S D
DTHBN, TOBHPRIZLBENTHEON, b
VB S 2 DEEAH 5D, RECEETIX
ZERTEETH S,

F 72, 4B DOEERRZTE TIIHE 190uE m? s D4
HhE 2, BEEERREETVWREVWES CEbh
7z (Figs.5,6)o JLKRIEHAFEEE A. tamarense T b AR
FHEE % 5 2 5 MBI, 150~200 Em?s! TH Y,
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% (Anderson etal. 1984), —7, T Z LIZKAREE
BED A. tamarense % 80 pE m? s T KD HEFEEFE % /R
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& (FHL1985) LR THbDTHbB, 1272L, A
H (1985) DEERICBWTHABEENRENL TS0
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7217.5°CTRERDR OBV, —F, A DEERT
BRELABIZISCTH Y, T TITRLZE ) ICZET
BEORTHRAMEEELS X254 THs, L1
o T, FEIEKBLETICBVTOA, HWEHRE
PRI B LEZINZ, BH (1985) DHERLFEL O
BROBICFE I, BRTIE, ThUEEARER
HEETHADT, TOZLDBEDIDHIZIE, 85
CER*BRILENDHAI),

SHETIE, EICE o TRBEXEBICEZE2A25
FEOEKARIERONB X122, 3~4BICRK
MBFEEIEL, 5 AR THEKERIZERT AL
FEEHRAN»ISMON TS (LEIZH 1988), BE
B UBEICRENR SN2 DIFEAMICIZZF DEER SR
DLOEFRIZEIBODEEZDZDIHRTH B,
SRIOEERTE S NAKIR, B, BHMEICHT 4
BHILEICHETAERZT2H0, FEOREB LT
HRICE L THETEE RS DS\, Bl L IEKEICD
WTI, AEORENRD L (RO 2HEHE (=
I HBRER) T1963-19944E D 2 EMICERAHIE &
Wiz kKBROFHEIZ 2 A EAICREMS.6°C, 3RS
8.3°C, 4 B2 13.7°C, 5 A#A)IC 18.8°C, TAIC20.1°C
TH) (ERRKERBRBIE), SAOERERT
1&, AHI3KBEERHS5~20°C CHENTETH Y, B
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PEE LW, ERMREOERIIIAIVLETHS
b TBY (Anderson and Wall 1978), FEREDEH
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