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Effects of Nitrogenous and Phosphorus Nutrients on the Growth
of Toxic Dinoflagellate Alexandrium catenella

Atsushi Matsuda, *1.*2 Toshitaka Nishijima,*! and Kimio Fukami*!

Alexandrium catenella, the causative dinoflagellate of paralytic shellfish poisoning and red-tide,
has been grown in axenic and batch conditions to determine the effects of nitrogen and phosphorus
on its growth.

This organism could use NH; -, NO; -, and N 0; N, as a sole nitrogen source, but could not use
urea and twenty amino acids, except glutamine. And this species could utilize both inorganic and or-
ganic phosphorus compounds, as a sole phosphorus source. The half-saturation constant for growth
(Ks) of inorganic nitrogen and phosphate were 3.3-7.7 u#M N and 0.72 um P respectively. The mini-
mum cell quota of nitrogen and phosphorus were 7.0-7.3 pmol-N/cell and 0.32 pmol-P/cell respec-
tively. The maximum specific growth rate (Mmax) Was 0.47-0.55 day—! under nutrient saturated con-
ditions.

The relatively large Ks and small Mmax DY A. catenella compared to other typical red-tide
phytoplankton species suggest that this organism could not be a dominant species under inorganic
nitrogen and/or phosphate limited waters. The present study reveals that A. catenella is suitable to

grow in eutrophied coastal waters of elevated organic phosphorus concentration.

F—="—F : Alexandrium catenella, €K, 1)/, HEEE, MRAFREESE, FANER

Alexandrium catenella (Whedon et Kofoid) Balech @
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Bl CORRDAEREYMS L CEETEHS, LiL,
FBIHE 55K, HICREEESRETH - b iC
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FeTY,® ST100, ST10 4 B4 % i\ /=B EAR B & 6}
DAPI (4’6-diamidino-2-phenylindole) #4fiC & 5 E#
BRI LR LT

MAEEICE L ATIEORE B SHEIER
L, &EFHKHN1I0mI A - 7- ¢18 mm REBEEICSWI
m S CHRIGE S oA A, B R R 404 500
cells/ml ¥ 75 % O/ L7c, RBRIL2BIZHA->T
3570\, Series 1 Ti3 B3 18 H B, Series 2 Ti3H;
HZITHARKVEOERK LD, RBAVASA T
5 A% VOB BRMEE T CEET R ATV IEEEE b
Lt KRB, WTFNA NNy FET3ARILTTT-
720

MRECRIFTEAEERE . ) BEOYE FEREC
3, FRORBRTRD LWVEEOBONS Z LABLY
o 7 — 7-metals mix SW I £ #9 % B W\ /2, A
catenella %, RBREITOFHEE (EREE) V)
4 < PRIN L C\ e\ metals mix SW L E5 1S CHEREAS
¥ 5% CHEMEEE L, AERIEE L/ A calenella
%, B LT A¥BEHOBRE B« ICELI ¥
metals mix SW T £2#16 5 10 ml A - 7= $18 mm HAERE
L, 3AVTTNy FRICKDAREEZIT-> 7
WEREREREEOBBIC OV, T VESTRBER
(NH,CD) 35U, mmpagR (KNO;) OFEBERFA
OFIMEEL 9B (000105+110+50 100
250 « 500 uM) ICBL S HREBEIT -7, U VREOR
-V, EEERROY VB )Y A (KHPO,)
BEAY S (0001020515 10 « 25 uM)
B LS BT, ERBEOFELRANLARTIE, b
S5 TA— 7 U—7/F (121°C, 15min) L T/
2% % 4 ¥ /1 O metals mix SW T 5539 1, BB E
(Millipore #, Millex GV4) L 7-®RFEOKEK %« &
BNz, B AL L 7o, EHERR YD VIREOREIC
ST, U VBRI LR A — 2y LU— TR
(121°C, 15min) L, RBICA W, L, ARICH
WY, KRB ERE LTWA I LnbRE
HEEE A RN LW R RIC b 3 CICRERES S
FNTW 5D, 70T, ¥EEBELHENT HHOREET
ICEENLEBEERE ERBSERRLE : 1.6 uMm, HE
BB R 0.6uM) b, WD LSRR OME K
B OB R OHIREIIRRE & L, MiamE
i, S EEME A A TEEFHEIC K DR, R
HE () 13, BEMBOEE AR KE o 1
OMEFEEOFBEY» SRR D) FAVWTER LS

In Nt'=InNt+u(t' —t) (@'>1) (1)
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w IR (day™h) ®FET,

F7-, HBEREE (n) LRBERRE (S) OBk

X Monod DX (2) TEFT I ENTE 5,
p=pum Kot S (2)
COC, SITREEBIMEOSEEEE (uM), um 3K
KIwpsEE (day b)), Ks (3 FRMER T Ky/2 52
LYHEEE (uM) BRT, QR»DE, REFRET IV
= 1) Z A (Levenberg-Marquardt #2%) 12 X U &K H
B (um) 3 XUREMER (Ks) #HEI L7
F7o, BAMBAEE,» SERERE LR U Uk AMRRE S
BH L7, X510, FORSSEYTo cBEATERL
TEHR AT 286, RAMRIRE (V) (REEMS
B ONFIEEE (S,) OMMCAEVERICHEML, &
E29
qo=So/N (3)

TETERTELEFEEL, REFRET VT AL
(Levenberg-Marquardt #%) 2 & 0 &/ RN EE
BE ((10) wRDTzo

gERE - ) URHARY SEREARRECEYTS
RECIIEERY, U VEARARECE T 5RBTIIY
V&4 I L TR metals mix SWIEEH® T,
RO L E 5 E CHMIEE ST 7o, AURNEY
L7-AEE, &FEEH -V V/FH%E & metals mix SW
TEH9 2 10 ml A - 72 ¢18 mm REEICEREL, A5
BT 72, BEKL, HOMLOA— 7 V—TAH
(121°C,15min) L7 X H 53U VEHRMOD
metals mix SW I 52 #0812, JE:8®E Millipore £,
Millex GV4) L7-&fEE « U VIROKBRY, B
Wrh OREFIBEEH 250 uM B 5\, D VIREED 25 uM
L RS ICEERCYRIN LD, SREFAREICEL
Ciiasme, WARSEE, RER LU U Y (Taw), 70
)y (Pro), Vv (Lys), #n=Fv (Om), HA
vy (Lew), £ vaAf vy (o), 72 V7 72V
(Phe), /Sy (Val), AFF4 = (Met), FJ/ T
75y (Trp), Fuv v (Tyr), 75=v (Ala), 7
¥ (Arg), ALA=v (Thr), 7V (Gly),
v 25y (His), 7% 3 (Gln), U v (Ser),
725y (Asn), ZIZIVE (Glu), 7ANTS
*m (Asp) D21 EHOT I/ BxERELLTX
nEnEC R LR L7, U VAITREEC
SWTiE, U VBTAEANY T L (PO, -7 R
vEF FU A (GlyceroP), FURD Y VEEF Y
v 2y (Tripoly-P), ¥’y w7 b7 A (Pyro-P),
A% B (MetaP), 7UYV-5—U VBT
v /s (UMP),D-7 )7 b—A6-U VB ~F b U T LA
(F6P), 75/ v v-5-=U vl (ATP), 7757/~
5-—V VE(ADP), 75/ ¥ v-5——1 VE(AMP),
p-= a7 2V VBT FY A (NPP), D-70L
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I—ZA-6-U VB F FUI A (G6P), - D-7 L1 —
A-1-YVB=F ruo s (GIP), 77 ) v v-5-=
VB> U Ls (GDP), 77 v u-5-——) Ui
FrUTLA (GMP) O I5&EEHZY VRS LTEFRE
B CEIARICHRI LA L7z, 20 & L <1222 AR
BELK, BNIEMET CEHEHRIC LY MABE Y
S L7, BB, EXKED5 03 VIRERINXD
WIEE A 0, WERBERMX S & OEEREE Y VRIK
(KH,PO,) O#FER% 100 & L, Chicatd 5 Hme
OHEXE (%) TRL7Z,

% R

WHRICHEL -2 ATEBBE OB Series 1 Tid,
REIIRRUGK 2 BB L U7 SWILREZ Y CHREE R
2o /o (Table 1), FCLEGEERMILE (EEEHE/
PREICTERLAKRL AN 2HEMmL7-SWIn
BHS CTHEELE» -7, —7F, KEL ASP, Rk
WIOR, BEAAEM (A TEHA)D &\ 7 AT A
wHEEL LT ATERER CIHEVEER LABOH
Zirodc (Tablel), L L, B2ATERBOGT
b, BHERAFHY (ALHK) ORI 0.49 x 10¢
cells/ml & i D5E 4 A THEBRW & B L Cioafs, BERE

BER®E» -7 (Table 1), X6iC, HEAALEHMIVICHS
Wi, RARWKEEREE L, LEhERY2< 4%k
WHEAIEEY (RAREWA) Th SWIm E#d &3
EF CHEBEEAE SN/ (Tablel), %= C, Series 2
T SW IIm £33 O + Bl H W % 08 A ALEE D G
L7 & BERICE X # 2 7= metals mix SW I E2316 %38
BRL7c b 25 SWIm 55 IC L4 2 AR BB 5 h
7z (Table 1), LALEDT &b, ErHhD+-BHHK
3, SEERRICEXE2 A LHTETHY, T, &
BEE & RAGKR AR T S L TLWBEAE SN S
CEBG I olc, T, UBEOLETORRBICIT
metals mix SW L 55306 A (F F /-,
BRICRETERERE . ) REOKE AEOH
WREERES, WL RS RRE A LR T S5Icoh
‘o7 (Fig. ), L L, EFEELTTVES
TRRER M LIHE, ERBSREE 251.6 uM T
LB ATRETH - 72 b O OIS EBIRE 9 H H £
REE BN THFEPLEL 20 3510, EBEEE
BB 501.6 uM TIIRE T X/ o 7o (Fig. 1B), ¥z#b
POYIREIERE & HEREERE & OBIRH O R
EEOYBAMER I L UR AR ERE # & L7k

Table 1. Growth of Alexandrium catenella in vari-

ous culture media
Series Culture media (x f&ucgg;im 0

1 SWIIm¥ 2.06
SWII® 0.55
SWII® +PI1* (10 mi/1) 0.76

+SII*2(10 ml/1)

SWII? + Yest extract (10 mg/!) 0.84
Modified Ishimaru Medium!V 1.74
(based on natural seawater)
Modified Ishimaru Medium!'V 0.49
(based on artificial seawater)
ASP,NTAW 0.12
ASP,NM1 0.10

2 SWIIm® 1.61
metals mix SWII® 2.26
SWII® +PII*1 (10 mi/!) 0.42

+SII*2(10 mi/1) +CII*3(20 mi/1)

000 e
=E“1oooo i - 1.6uM
@ ; —— 1.7uM
2 1000 A 2TuM
© E —— 2.6uM
g . B~ 11.6uM
3 100 E ~o— 51.6uM
© i —— 101.6uM

10 b bl bl o 257.6uM

0 5 10 15 20 25 30 35 —— 501.6.4M

Incubation time (days)

50000 Inorganic nitrogen
i concentration
= 10000 | - 1.6uM
3 . 17um
E 1000 —— 2.1uM
T : —— 2.64M
:g. g - 11.6uM
5 100 -6~ 51.6uM

© [ —— 101.6uM

10 bbb innl e 251.6uM

0 5 10 15 20 25 30 35 —— 501.6uM

Incubation time (days)

*1 PII (1ml) contains; Na,-EDTA 1mg, B (as H;BO,)
0.2 mg, Fe (as C1-1) 10 ug, Mn (as Cl-1) 40 ug, Zn (as
Cl-1) 5 ug, Co (as C1-1) 1 ug.

*2 SII (1 ml) contains; Mo (as Na+) 50 ug, Br(as K+) 1
mg, Sr (as C17!) 200 ug, Rb (as C1-1) 20 ug, Li (as C1-1)
20 ug, I (as K*1) 1 ug.

*3 CII (1m?) contains; Glycine 1 mg, D, L-alanine 1 mg,
L-asparagine 1 mg, Na-acetate 2 mg, Glucose 2 mg, L-
glutamic acid 2 mg.

Fig. 1 Growth of Alexandrium catenella for differ-
ent concentrations of inorganic nitrogen.
KNO; (A) or NH,Cl (B) was added as a
nitrogen source to metals mix SWII medium
without nitrate. Inoculation of experimental
test tube was with cells previously incubated in
metals mix SWII medium without nitrogen un-
til stationary phase.
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Fig. 2 The specific growth rate of Alexandrium
catenella versus initial concentrations of inor-
ganic nitrogen in the medium.

KNO, (A) or NH,Cl (B) was added as a
nitrogen source to metals mix SWII medium
without nitrate. Maximum growth rate (um)
and half saturation constant for growth (Kj)
were calculated to be 0.54 day~! and 7.7 uM in
(A), and 0.55 day~! and 3.3 um in (B), respec-
tively.

BOEEANERS LUORABEEERE I TN, W
HBZE & C 7.7 uM, 0.54 day ! (Fig. 2A), 7 VESTHB
g2 % C 3.3 uM, 0.55 day ! (Fig. 2B) TH - 7z, (2) KX
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Fig. 3 Maximum cell yields of Alexandrium
catenella grown with different concentrations of
inorganic nitrogen.

KNO; (A) or NH,Cl (B) was added as a
nitrogen source to metals mix SWII medium
without nitrate. Minimum cell quota of nitro-
gen (go) was calculated to be 7.3 pmol/cell in
(A) and 7.0 pmol/cell in (B).

hEz AREEEELEHRINLGSI D, KEDOHK
REREEE P (L RIA AR R TT uM, T VBT RRERR
FE33uMTRIMT A LEZ LN S,

BAMBREL, SXBENSEATHICONTHEX
L, WEeReZeFECi3 251.6 um TR IFMAFNICE L (Fig.
3A), TUETRBEFE TIE251.6 uM TR K &8 - 72
(Fig. 3B),

FEEHR TN T, HESEFEICE LHREE
DR AMBIRREE L 7x - B OMRaF O T OWREREL,
MO LB R E (R/IMMIRRARERERE) 12

E FPFER (Kg) O 10 SO¥BERES 10K L35 L 2K LD p=umx 10K/ (Ks+10Kg) =um x10/11
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EEXD, MM OXBERE T -ElEY LS
EIRET S L, BEMFOPMREERE L FhICHT 5
BRAMARE & OBItRIE, BA%ESEERGRCRT
EBRTED, CheEANR7S7ETRIEEZLD
ERECES RIS, 22T, SEOKELHN
B7Z7 70y b L, BRET->7, TORKE, W
BEBER, 7TV/ESTRERL LIC25L6uM LT TR
KRR & PR B & OBIfR AR (3) THE T =
ERTE, BRIARERSBIIHEBBER, 7V 8o
TRRERTZNZNTS, 7.0 pmol/cell L B X h /-
(Fig. 3),

FROLMEER L, Brhiciml o \Egmy g
EXERTHICONTHEKL, 5.6 um TIZITATICE
L7: (Figs. 4,5), SRR BE > HEHERE & OB
PR O IEREE B L O K BIRER B X OB A AR
BERDETHZTNFN0.72uM, 0.47 day—! & B X
h7c (Fig.5), COXMMERN, S, AEDHHMHEE
BELEERE) VBE72uM CRRITALEZ2LN S,

RAMMBIRER, BtbhOREEEY BE KT
UEERR ) VB 10.6 uM TRFICE L7 (Fig. 6),
Birh ORISR ) VIRE b 2 hicx 3 5 BB
EPOCHEHMBLXEOR/IMBEARY vEBIZ0.32
pmol/cell *H#E Xh /- (Fig. 6),

DEDRERISG, XBOERL LUV VERESE
D, HIEMEERE L RAMBRNEOR G2 R AICT 5%
BRED, 7VESTRERSLUMMBERTINT
N 251.6 uM, EHERBY VT106uM THDH I EHBHG
P78 - T,

BEER - ) OFHAKYE 283, RBErTo47
S/ BRBEROILIINVEIVERITEAVAERE
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Fig. 4 Growth of Alexandrium catenella for differ-
ent concentrations of ortho phosphate.
KH,PO, was added as a phosphorus source
to metals mix SWII medium without phospho-
rus. Inoculation of experimental test tube was
with cells previously incubated in metals mix
SWII medium without phosphorus until station-
ary phase.

ELUTHBEICFIRTE e h - 72 (Fig. 7), #BEICFIH
AIRECH - 1o/ V% I VORI, WMREBERICLS
WREBOKW AR 1T Y EoT, k7, REVYEREL
LTHIR 5 C LT ¢, ABIERBET - BB
ERFE2IT LA CHMECFIRTE b - 7o, HRYEARE
Rid, WEARBER L AFICHBICFIRTE TS - 72,
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Fig. 5 The specific growth rate of Alexandrium
catenella versus initial concentrations of ortho
phosphate in the medium.

KH,PO, was added as a phosphorus source
to metals mix SWII medium without phospho-
rus. Maximum growth rate (um) and half satu-
ration constant for growth (Kg) were calculat-
ed to be 0.47 day~! and 0.72 uMm, respectively.
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Fig. 6 Maximum cell yields of Alexandrium
catenella grown with different concentrations of
ortho phosphate.

KH,PO, was added as a phosphorus source
to metals mix SWII medium without phospho-
rus. Minimum cell quota of phosphorus ( go Was
calculated to be 0.32 pmol/cell.
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Fig. 7 Growth of Alexandrium catenella in media
containing various nitrogen sources at 250 uM,
expressed as percent of maximum growth in
the medium containing nitrate at 250 uM.

Inoculation of experimental test tube was
with cells previously incubated in metals mix
SWII medium without nitrogen until stationary
phase.

AL, R L2 TORBRL JUARREY V2V
VB Y L CHBEICFIACE (Fig.8), A& LAY vV
Eo>H, FUKY YU VE (Tripoly-P), ¥0) VR
(Pyro-P), 707 +—A-6-U B (F6P),p-— FH
7+ =L VE (NPP), 7)La—2z-6-1 Bk (G6P),
7va—A-1-1 VB (GIP) OFEEILEER) v O
56~80% L ETEL - TLOD, o) /ETIEA I
FUVBRICVLET A (B AWITEZ A) BB AR L7,

z ®

B 4 T EERW O W TR 24T - 728 A. catenella %
BOBBEIEAZ LOTELELEATREERIIELSZ L
BT &I -7z (Table 1), Bt & RREAKZER C
EMTEEM--BHE LT, BARPICHET 58
DA IV, MEBLSBUNOHE L RENPDAICERT
LizbrEbhb, SEORBTIE, BEOLRERE
BEHERRICHRM L TCOBHRLZD -7, L2 L, BER
AEHDICANONTWASBREYHRMT 5 &0
HEELEONI LS, TOSBRRRICOAGTEN
Bt U VI RBEIC N D BRI R R A B 5 FTREMR A D
5o

I W 2318 & h /- metals mix SW I #5300 ik, %
£, U VEORBEEEOEVCEREO HEBRONER
BAAERBEL LTW5, £/, B#RES AT LERH

POA
Glycero-P
Tripoly-P
Pyro-P
Meta-P
UMP
F6P
ATP
ADP
AMP
NPP
G6P
G1P
GDP
GMP I

0
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50 100 150
Relative growth (%)

Fig. 8 Growth of Alexandrium catenella in media
containing various phosphate sources at 25 uM,
expressed as percent of maximum growth in
the medium containing ortho phosphate at 25
UM.

Inoculation of experimental test tube was
with cells previously incubated in metals mix
SWII medium without phosphate until station-
ary phase.

HR RS BEAOEBREEN LB ERZ TS50
¥BEBEREABRICTSFERATRETDH 5,

W75 bV OBEOB I¥ICEE T A RBIL, K
SEMORZEATERBE T EREE LY, L
L, AEIZEATHERR CIIHEENIES, RREKY
L LBy RBRICAVWS 52 BT, ZD
7od, BEERWPOZFRBEEIETREBY T HE,
T L SRFRESERICEC &, HinLCEHRE X
D LEEBEORRE L 5 RREBARKPICLENOEENSD
TVELT HHVCIHBEEROVELRIRT, EF
FOBWC L AMEOXESL AL ENRBEL T -7, &
OC, BEBERPOEREE LB IL-ABRTE, Hn
L= SR BEOREMEKPOFRERERE LD 5% <
TAHOHERRBERBE 1L6uM U EOTF -2 DA%
HTIc FiV - (Figs. 2,3), &k, ABIIABEBERE
FEAFFIF TR W En D, BRKPOEBBERR
PRI RITFTHBIIEBRATELEEZOLND, —T,
mAR ) ICBI 2B RN (Figs. 5,6) oW
T, BEREOFHBICHER L RKREKPOBFRERE
U VBEYRIE GREEBRA Y U LKD) LcEIA01
WMUTECK b TFhLphhos el &nb, B
Boh LOSENLBEFREERY VES, ABRICEEY
RiF+argemtitiz v eEE 2 6N 5,

—gic, EERER (K BMEWEY TSV 7 H
i, EREONRBESMCHELCL T, ARERET
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TOWBICEFITHD EFEDN T35, AHRTELA
72 A. catenella DEFR « 1) /IZBET 5 HEREEE O ¥
MER # BRERICA R+ 5 REBNERE, FEBEE
BLHETHE, £TOXBEICHELTHELYEL -
7= (Table 2), %7, Alexandrium tamarense 1= >\
Yamamoto and Tarutani 23R & 74 L + U v ERER I3
KU VHRFIC I 2HBICBES /35 A — 2 —1D
% 1 Tilman and Kilham!® O, % f\» TR EE O
FRMER B L2 2A001uM 20, ABD
fEiL A. tamarense L KB L Ch@Eh -7, X610, &
BOBKICHIEGEE oW, fBOMB 757 +y
LD BENMETH -7 (Table 2), Lidi-T, HHE
EEDOFARMERIC OV THE LRV ICB T, &
BOERE, LOREEE - EEEEE )V OFIE
T <o THE LIBE, RERISEBALIC: 5 TREMITHE
WeEZ2Hh5,

GE, BERMEKESBERICE X8 2 - KREK
EREREEED C LT, ERATEER CIIEBEOE
WA T MR OXBANER AT LA TR,
Lon L, BEERICKARE KB L Lot AR ICH
WiES TR WE AT, BBEEROMEOY
FRMERCE LT 1l4um bl L7 — 5 % AT A
WSS RS, BRET CORBELFLMMEROEH
KRBRERDLIERTERCEWSHEADE -7, &
X7 GBS BEADE S A TSR % A\ TR RED OE
BRES CREERELZRE LARYTO AR LEE
L\ MEHERRE R ORI OXMERIC OV T3,
GROFBICH L - ELATREBK Y RO TRBR YT
DT ER, BICEBEHBE DK KAGEK Y EREOL
B LTHY, ERETOMBAYRRT L LAETL
0 X4 BB O RRER T ST T BER D
5rEZ26N5,

FROB/MIBANERSRIT, SRE L L CBEBE
F& W8 E13 7.3 pmol/cell (Fig. 3A), 7 VE—=7
RRER % A\ /=843 7.0 pmol/cell (Fig. 3B) & &
SN, MEICKES LD, Alexandrium &7 5~ 7
FUOBRNMRNERS RIS O W T AR T &
Alexandrium minutum O 2 ¥ 12 5\ T F h £ h 3.0
pmol/cell, 2.7 pmol/cell, Alexandrium tamarense ¢ 5.2
pmol/cell, Alexandrium affine -G 17.0 pmol/cell & o ]
HFORLINTED, FHEORIMBENERSEILC
NOT S5V T b UORMNIETS -7, T, ABO
MBPIR/N U V& BIZ O\ Tid 0.32 pmol/cell (Fig. 6)
& A. tamarense @ 0.56 pmol/cell'” £ 1) HEVMETH -
72

AR TH O NI A. catenella DB/ NP S B4 5
CABPREEHR T HOICBDELFREREDOE %

Table 2. Summary of reported maximum growth
rate (,.) and half-saturation constant for
growth (K,) of nitrate, ammonium and ortho
phosphate on various marine phytoplankton

Nutrient Species ( d’;’;‘fl‘l )« ‘5(;4) Reference
Nitrate %’z%%’:mm 0.97 0.8 12)
%%%W 081 1.0 19
G 1R 120w
gt 202 073 W
STI‘)}'mlassz'osira 1.69 1.28 15)
éﬁz@ﬁﬁ“m 054 7.7 This study
Ammonium g}z)zzz;:%z?zum 0.98 0.58 12)
3%%“’ 074 023 10
bl 18 02 @
s?;falassiosim 1.63 0.77 15)
Alewandrium 65 33 This study
FOIB" e 0@ 01w
g%%“z 0.83 0.1 1)
%%%ﬁ” 216 0.09 1)
ke 200 015 o
S];)}.zalassiosim 1.70 0.23 15)
g%%ﬁum 047 072 This study

AART, FBHOFREEFIZRTHDIE, Pt
1,000 cells/m! OB AMBETH D, = hick/INE
RAESEZR L TRl REREDO-DIC LB %
BREL L, ZORE, FREWRICII BB RRE
T73uM, 7/ EZTREKBET7.0uM, EHEEY
VBEOR2uM BNETH S LH#EBEI N, LaL,
A. catenella 25 R4 3 7% W3 O FEK 1L IR R 309 O e B e
ER U VRED, EROREMERICHE L ElIEESR
cUVEBERBEZAILIZENIC L, ABIIB
BEBIC B THICEBBER « U VESSIR AT
HtEZ206N5,
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854 BH, A, RR

FEABREEEOY D, FBII/NVEIVERIE2T
BEERE L LTHBCAIACE R (Fig. 1) —
¥, BEEECLTILIEEEECHEET A EAMbN
T\~ % Skeletomena costatum (RYGEBE) &, 7V F 3
v, TIVFZ VAR EBEERE L ITRRICHHETE S
FYOBEND DD BEELOMET LTI, A%
R R N ERBERRE L ZEE LV 2L LRE
EAEEREND Zrhb, ZORTAEBEBEROF
ORI, BBSHRTOABROHE, #MEC, i
ORI 57 b vORE, BESEOTRICEE Y RE
LTWEHERTO—DEEZONS, AL, BEREBER
WBLTC, /507 bV EDREICAFITHAL &
MMz ERBERBEOIZ LA ERATE VI L
5, “EEOFIFICE LTI EERE - AEEARID I
DTS5V PV EDBEECATHSL EEZONS,

ATiL, RBRCHVAED VAR S THEEICHIRR
#wCH- 7 (Fig.8), REM KM T 77 PV
D >t Gymnodinium mikimotoi %, A & FERIC S
BEoOAKEY VELZAVEY VB ERKRICFRATES
7%, 2) Skeletomena costatum <> Chattonella antiqua, Chat-
tonella marina (X, SEIREL-EEY VEDOSH 5~
THUAPFIRCERDL -2 EBBEIN TS, B
EERIc I, WD VRE LTI LAY v
FELTED,? RIUBEIBICE W TLHERY v
PEEHSAR ) BN ARE CHET A LR EE
LIRHBERL TS (REXK), COZLnb, @KFD
VR VEEOEEMEVH S W, BFOR Sk
HTiIoBLTOREISEEOAHBY VELFRT S
CLT, MY VERIBEFRTERCERLID LE
MDD ENTELLEZDON S,

A, AEPOMITE -7k D ICHEEE I T %
BB « ) VONETIER E KT AR D T, Al
OFREES 75V 7 b/ L OBETLTHNEY LAED
Fohs, Lil, EBNE, ABRIBRERICESVTR
BAMRT 5 E TRIET A2 L 5, ORICERRE
223k « U VOEBRMERDOEFRARBERIC VT
BB 7252 EBTELHOR, RBROZEFHEEKRS
MOBEEL D HENT &, AV Y VBUSH L HR
Y Vit Lo Y VEREEIL < SRICFIFTRE TS
L RFOBBEE LTELOND, AEREREZST
% < OIEBEBEEET 20°C MHRICER/KEBAD 52 DI
LT, AEZFNED LIEW 15~20°C THEEE, &
*MRBESRELELED, KR 10°CORETDL
BREAHETH 5.0 T hid, C. antigua % C. marina &
Vo HBEEOEBEEN 25°CHETHHBOD LI
# LT hIE\, —7J5, Heterosigma akashiwo (KBZ¥E
)20 S, costatum'® ¥\~ - 7o AR ERRE S HHEE D

L EREEYREY VEELTHRIATERVWOIZ
w LT, ABIEEEY VEIILDEEHREBOY ViRE
WBIK < BRI FIFRRE TH B, TOTZ D, ARGE
DA ZERIC VT, KB OBEERIHRE LIC <
WISCHIE &Y, AW Y VBBARZTH L, A&
IEKEEY VRIE LAY VIREFIR L THEREL,
F Y VEELAFIRTERWE, U VBREERIA <FIH
TEEVELYD OB LD, KEEERTHEEZD
s,

LEDZ Ehb, ABITERERDREEBICHEIE LT
B0, oOKEEY /57 b L EBBER UV VD
FIACE LT LBE, ARMMLOKE S5V 7 b
VED LB O TREEENC EAHLRICR -
Joo ETo, BEBILOET LI-BERORARKEYD v/
HERELFATAEBRTAIN P VEBREMES Ko7
B, MOKEM TS5 PV ED LBMICHEBETES
WEIh/,

SEOBERM S, AEIC LS REHOSRL « [RIR
b, FRERAEDL, DRGSR TERRBY VR LDV
D VEBLAD Y VIBEOBED H\WIBRLO LR B LD
ERO—> Tl whtE2ONS, L L, KSR
R P ERBILOEST L BROBHEKFICEETND
BB VOBBRSICOVWTOHRITEA LN
Yiohnz, RESEEFRARELAEEYD v ABSTEK
BRI ENETEENTOWADONEIAL NI -> TV
Vo ABOBBER COME - MERE T #Y T 5IC
1, EHEREEER - U VIC2RBERFOBREY O
BRRS CARC L ABBERPOABE D) VFIARR
B EICOWTEHE, FMICRH T HLERD S,

E | &

AR OXTICH -0, Alexandrium catenella DIERE
e yO— VBT SELEIVE LR KFELERIK
(B BIUK¥IHE) AEKZRESE, FHERKFERF
B g pige Rl A FHERAICOL Y BB LETFE,
F7-, ABREZTICHI THE RV cEAX
mppmeesn  ENFEMERESEA, CRTE VT I
FIAREH N LET,

X R
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