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Comparison of nutrient availabilities between the toxic dinoflagellate Alexandrium tamarense and
the non-toxic diatom Skeletonema sp. in Osaka Bay, Japan

Masafumi NATSUIKE", Keigo YAMAMOTO”, Masaki NakaiMa®, Shigeki Sawayama® and Ichiro Imar”

Abstract

Alexandrium tamarense is a toxic dinoflagellate known to cause paralytic shellfish poisoning to human and marine animals.
Previous studies observed the depletion of macronutrients during the 4. tamarense blooming periods in Osaka Bay, Japan, and
suggest the different nutrient availabilities between surface and bottom layers allow A. tamarense to grow.  In this study, the field
observation and Algal growth potential (AGP) bioassay with A. tamarense and the non-toxic, dominant diatom Skelefonema sp.
in Osaka Bay are conducted to compare the nutrient availabilities during the period of A. tamarense occurrences in the Bay. The
field observations confirmed the depletion of dissolved inorganic nitrogen, PO,-P, and SiO,-Si concentrations with the 4. tama-
rense occurrences in spring.  The phosphorous limitation to both species at surface layer were frequently determined by the AGP
bioassay in spring. The bioassay also revealed the higher AGP of both species at deeper water than those at surface water and
different limiting nutrients between surface and bottom waters or between A. tamarense and Skeletonema sp. These different
nutrient availabilities probably allow A. famarense and dominant diatoms to coexist and grow in Osaka Bay during spring.
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71 & LT Algal Growth Potential (AGP) FERAYN & 41T\
Bo ) —E v L OR/PMMEICHEDNT, HAKICEFOR
FEIC LB SRR NI TED AGP 2 llET 5 2 &
I2&oT, BRAKRPIZBW THRBEOIH % HIR$ 2 2R
ERHET LI ENHAAL N TV S B 21X Waiser and
Brants, 1995 ; 250H &, 2009), FH# 5 OV — 712
£ % 2008 FDOKBE 2 BT 5 BUHENE X O A tamarense
AR L L7z AGP REROMGE R, AT 5 5FE
2, BEFREEEEER, V) VB L UEREED, BEENEOY
FIMERE TR ISR 2556 08H5Z L, KEIC
B LA L ) QIKEO AGP ¥ E W igE, KiFL
JESBTEL 553005 A. tamarense YETEOHIREER & 7 %
WiBhid % Faw et L 72 (Natsuike et al., in press)o A. tama-
rense |, WEBIZ L AEKAE I 2 A L, HIBRERE)IC X o
THRMICRFEIRER T £ TRET 2 2 &S hTwn
% (Fauchot et al., 2005)s Z 71 SRV SEFEIT RS & K & K
[ECTHRLLFERBEOFNAMEFTL2RET T, 4
tamarense \IARTEDOH I AL FE 2 DN LEREE LD

DR OHY) AKIZEH L TERTH 2D D 5,
AWFgE T, KBGEIZBIT S A tamaresne & EEFFROFEH]
WAL LT REEHONAMORE L G+ 5 2 &
HMIZ, KERHEZFERT S L EHITRENOHBEL
72 A. tamarense 3 X O EEHE Skeletonema sp. % 435 THREL L
T2HEARY > TV ERE L C AGP BBR A AT, RHEEEO
FORHEREE: & Bhil % H IR 2 AR O FEE & il A7z,

MELS L UHE

IRIGELA & KE DT

KBBHEBIZ LT 72 2 8 1 (St. 11, St. 13, Fig. 1) 128V T,
A. tamarense DXHBLT 5 2009 £ L 2010 D 1 A5 58
12 H 1~2 [l OB (2009 4F D A H 2 [6l) T HH 2R E
FfTo 720 TNEDOELTIE, KIGBIZB VT 2007 4E12 4.
tamarense DR EHE PR INTED (LA 5, 2009),
KIEDSEEMCREICRETLIRETH 5, BB
T, fbiEHKEF (ACL215-DK, JFE 7 L v 7) % v Tk
B & IR OB A 2R T 5 L LI, N YR
KIZE > TomBoOWAKE, JLEAFKEGE VTS, 10
m DK E L 720

BRI L 79Kk, BRPeis L7-R ) = F L 80K hric
ANT, BEFICHTERE L CERZICHELIR 72, 20
— % HEAERI R 24 R DUNIZFLEE 045 pm O 7 Al
#E7 1 )V % — (GF/F, Whatman) T2 L 720 77T AE 7 +
vy =%, HEERPEE L 7o12, BRAUIF T 450°C T 1 BRI
B CHBERWZBEERE L7202/ L7z, A#IH
W2 T 48— EBKEKEGHT B & U AGP BERIZ W
5 ET, WIS (—30°C) TIRAE L7z E72, 780 0l
IRICHIERE 037% DRV~ Y Z2FRMLUCHEL, WY
T b OBEIMT D F CTRIITCRAE L 72,
AR L 72 ISk Y~ TV %, BERTEIE ORI L

L 20km .
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Fig. 1. Locations of the sampling stations in the Osaka Bay (@).

Tetk, v TV OB RE RS ARIRE (NO,-N, NO;-
N, PO,-P, SiO,-Si) %, #— b7+ 7 1 ' — (QuAAtro 2-HR,
BLTEC) # W CHllE L 720 NH,-NEE%, 1V F7 =/ —
WV (Pl - =HA, 1995) 126E - TR (UV-1800,
Shimadzu) Z W7z lb B 812 & - THIE L 720 NH,-N,
NO-N, NO;-NgEZEFL, B IHEEE DIN) & L
720 AWIZH V2T 4V — %0, BETSRM T CHA
TRE L7212, 90% 7 & b IZEHE L 72 B CHIETIC T 24
MG L Troa 74 Ve taEEL L, F0%
HOBEEET (10AU005, Turner Designs) % F V> CHliH# 8
FMEZFHIL, MEEAS 7 00 7 1 )V aBEZFHE L7
58 L 72k > 7V, (R (Utermol, 1958) 12 & > C
10 B2 HE L 720 iB#E LY > 77V IZ Calcofluor White
M2R (Fritz and Triemer, 1985) % 51 L C 30 43I E#iE L T
L7 ImLDOY Y TVEATA FATALIZHETL,
T UG BRI (TE 300, Nikon) % HI W C UV hiEE S (350
nm) FCHMRAZBIZE L, YHERIERE, THIROTZER U 1,
565 4 TEME OREILOF IET A. tamarense DFEEE B X UK
NBEZEOF B EITo 720 COBMEX 1 TNIIDES
AT > CHEIE 2 MAu B & L7

AGP HE&

HAEE

2007 DO KIE X ) HHE X 72 A tamarense H WA T
Imai and Yamaguchi (1994) 12> THER 1L L 720 2010 4 2
A1 HICKBGEOERE LY, Lmzr 2Tyl a2 L
INAY =)V ERy b % T Skeletonema sp. % B8 L 726
K4t L 72 2 O Skeletonema sp. 5 WE % B EIALEL D412,
TN A= VIEE L7220 um O F A0 Ay T2 ki
B L7 7405 — LOBKRIHE LML 55 &
LT XA, F— M7 L—7HE (121°C, 20 5) L 723



i s KBUEIC BT 2 TN & B OS2 R AR O L

KTHH L72121S, 74 vy — 5k % Ik L 7255 % 55
EL7Z4 A A 70T L— FO&Y 2 VIZELL TR
L 720 8528 @O — B % DAPI (4,6~diamidino~2~phenylin-
dole) A THefn L, HOGEAMER (E800, Nikon) % F \» T
UV ik (350 nm) T, 1,000 fi5 CHedR L 720 ME 25kl &
N7 o727 £ )VIND Skeletonema sp. 553 % HERIPE & A7
L 720 A. tamarense 3B & U Skeletonema sp. DA - HER AR
ORI, 4 — M7 L —T7HE (121°C, 20 5) L 72Ce%
SWM-3 54 (Chen et al., 1969 ; Imai et al., 1996 ; Table 1) %
vy, 15°C, JBEREE 130-150 pmol photons m™”s ' (light : dark
=12h: 12h) OFEMATEE L 72 FHOICIZ % 5 iERICIE,
FLEE 045 um D 75 A fHE A H% (GF/F, Wahtman) Cgi L
7o RBGE THRILL 72K 2 i L7z, BERHLEL T,
REERG L7 T AR S0mL =07 7 A3 % FV7z,

AIEE

AGP BRIV 2 8 % MERER R I E T 5 &
MR R ICE N A RBEH O/ LAAOREIZ L - C,
FERICERRMAEZ G AL 2 LG SN TS (T -
W, 1994), Z 2T, MEFFEEED S ORFERBEOEA L
WIB CE & bIZ, AGP BlBRICH W % B % AT LA
REBIZT 272D DRIFEEEITo 720 BIEFEDE 1 fRLL
U CR B ORI 1 mL %, 20 f5I2ABL 722
7% SWM-3 B54b 100 mL [ ZEA# L 720 BEFEAHR1213 250 mL
HEOR) S — KA — MELEHMATI Y 2 (Nalgene nunc) %
W EEHIE A — b 7 L — TN & o TR L 72 (121°C, 20 7)o
B, MR BRI o %I ET S T
L. A. tamarense ¥R Tl 17 HH, Skeletonema sp. BTl 10
HHTh o7z ZOHTRER 1 L 1.0 mL Z, 100 f5i2
iR L 722028 SWM-3 53 200 mL % 27EL, A — b7 L —
T (121°C, 20 43) L 72500 mL 28R 1) 5 — R oA — F 3L
AEIY > (Nulgene nunc) |[ZHHE L 720 Z ORIEGEELS 2 AR
% A. tamarense & T 14 H 8, Skeletonema sp. ¥ T 7 H [#],
RS 7 5 T L 7o AGP#BRTIE, 2o
BIEEEESE 2 KL 01 mL 285 40 mL IZHFE L 720 Lo C
WIS ETNLKEEHEOF HAARIL, WL SWM-3 1
WO DOIEE DR 4,000 57D 1 &2 b, S5, Hi
FAON— A L 72 2 E#MKIZIET > 7)) v 7 THRIR
BB DOHEKT > TN % A Tze Z Ok o MRk IE
ML, DIN T50uM, DIP TO0.1uM THo72e b
REbELE, RIRED S ORBHBEORLARL, &
KTNT0.62pM, P T0005uM &7 5o AEGHFOREF:
FHATCERIN L 725 UBHC BT 2 IR 1S, DIN T35 6.7
UM, PO,P THIH 021 M TH D, FIE#IC £ % K58
HOFHARIL, AGP BRICEKRZEAEZ 5 2 2w E
Wr L7z AGP R D 50, FEHbOVER B8k O BEAE S5
OEAEE, 7)) — v RUFNTEREWI I ThIN . F72,
FRHRMB LT v 7% EOFEEREEEIL 3 mol L OEEE
|2 24 R L 72 B HAUK CHRIF L 720 02 iV &
LICkoT, REEHOEAZ TREZR Y HEME L 726

AGP 5

B RAE TR0 b C, NEFT RS EEICH
H L7 (Fig.2), 3~5H®0, 10mED 5 iK%
AGP RBRIZHV 720 KB 2 FLE 022 m D) ¥ 7 4
)V ¥ — (Minisart, Sartorius) % Fi\> T A #i%H L, 3.6 mL %
R A 8 mL 257K ) AT L SEAERE (Fisher scientific) 12
FEL72e 2NIZ 04 ml OFHERTZRIML 72 B0
T HHRERTIE, 0 SWM-3 OSEFEHHHI D & K458
WTHE (&R )y, 74%K 8 MESEHE vy V)
BT O BRI 2 3% 70§72
bh, =N (8BH) X, —P (U )X, =Si (7 1 F) X (Skeleto-
nema sp. D AGP #BRD AF%5E), —Fe (#%) X, —ME&EX,
—UFIVKBIOYar ba— )Lk LCBRMUKEINX S
LU SWM-3 iINIX @ 8 TH%H (A. tamarense 1% 7 THEH) % 3%
7€ L 72 (Table )o #RMIT 5 2R T O K& E 12,
SWM-3 DSEFENEEE D 10 57D 1 TH 5 (Table 1) X
TORERIXIE, 3RV TTHEL .

C OREHICHIRF RS 2 MK 0.1 mL 2 3ERE L, FEHIC
ANo72Z L BT 5 T CRIE 1T o 720 HAEZ O]
N L 1L A, tamarense T 50 cells mL"',  Skeletonema sp. T
1,500 cells mL"' T & - 72, #GGE E (10-AU005, Tuener
Designs) & FIWV T invivo 72 7 4 b amafllEL, D
il % BEHH O B G & & L 72 (Brand et al., 1981 ; Imai et al.,
1993)o invivo 7 017 4 )V g m®MEZEH T\, 15
SNz i KGR S B 2 5 [\ oA AGP & L
Too FEBHET RICERO—E % ST10 " AN B HAE L
FERHIRNZ B THERIREEDSHER S 2 2 L 2 HERR L 72,

fREtARIAEAT

A. tamarense (B E & BRBER OB EZHFHL7-9012,
AIEDHRI S 725308 (n=35) 12 BT % A. tamarense FNEH
J& (cells L) DX 5 (1 10) &, #BBEROMTET Y
> OREFEMB T 21T 5 720

AGP i ERICB W, KR oBHKERIMXIZBIT 5
PSSO AGP %, KEEDHE T 5 AGP & L7z, %
B OFEHRILE B 0 AGP %, 2009 4 & 2010 4F THrlF
TH U720 ZEMEICIL, Steel-Dwass D% FIV 72,
FIEHIZBIT S 0,10m B AGP % student D t HiEIZ & -
THER L7z,

F KR O BRI O BRI & 72 % W T % 4F
ET DO, FRERMIXIZBIT D AGP % Steel DF
FIZ & o TEBMARRINX 23 B L L, ZoossER
THRMXBED AGP DL EWEK Z(To72 BB, TXTD
WAEEHC BT, -Si X, —~fESEX, -5 I VX T
W, EBRUKINX X D D3 L IR L 72 (Fig. 3)o
IS DOHFER T E O BTEFI RN & 7% 0 157
WEEZBNDT, ZEHREDOHE,OIL, -NIX, —P
[X, —Fe XD AZMENRE L7ze TNHDFER TN
HED AGP 25X IR#ED AGP & Ui L CHEREIZIHM L 222>
e, A 770 o 7258 KT % HGEHI RN 7 & L7z (61
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Fig.2. Seasonal changes in the cell densities of the toxic dinoflagellate Alexandrium tamarense (cells L") from 0 to 10 m at Sts. 11

and 13 in the eastern part of Osaka Bay from January to May 2009 and 2010.

ZNE, ~NXOAEEEEFELREN D H Z ENFEHIN
7o8pe, BEERIRA T 2858 L2 2N SRR
7!‘)?0)75 IKHEIX AT 5% DL & L7,

& ES

KEDEE)

AR, KRB L RS2 e 8.61~21.8°C,
25.7~327 DFEPHCTEH) L 7= (Fig. 4)o 2009 £ Ci 3 HH»
55 BICHTT, 20104ETIZ4 A5 5 5 BIZHTTC, 0~
5 m & TR - WA B ASRD 57z (Fig. 4). H471T St
13 C St 11 & DR AR S 7z ¢ #9E, p<0.01)

DIN, PO, P, SiO,-SiikFEid, N2 0.03~259 uM,
HBRFLLT (< 0.01 uM)~1.14 uM,  0.42~25.2 uM D #iipH

TEB L 720 2009 4F Tld 2T ORI CHiESIZ B W
T1HIZEETENMENZRL, 2 25 4 220 TF
V3 B EA &R L7z (Fig. 5)o © D14, DIN R, 4 A
2B S IS CERETHEINT 2% R L, PO,P,
SiO,-Si L, 4 A6 5 B TR TS %16
0% 7R L7z (Fig. 5)o 2010 4EClE, 1 A5 5 3 Bz ¢
VEECHER L, 4 HH 55 HIZA U T DIN EEIZFR
J&CHNT AR %7~ L, PO,P, SiO,-SiigElE, 4 A
5 5 2T TR TEINS A 7 % 7R L 72 (Fig. 5)o DIN
JEFEIL, St 13 TSt 11 £ V) EWEAIA A S L7278 (¢ E,
p<001), ZFOMOFEFEEHCTEAMOEZREITRO S
Nanroiz,

U7 4 a L, 0.18~18 ug L' OHFHCTEEL,
2009 FE T3 ANS 4 AT TSI BLUSL 13 &3
2B THENELS 2D, 4 A5 5 HIZ»CRETE

7 BAEAR S 72 (Fig. 4)o 2010 4ETIZZ 007 1 )b
alBEEL, 1 HIMESICBWIERBTEL Y, 3Ax
L4 R TERBTEL 2 EABRONZ, 700
T4V alEEElE, St 11 LD St 13 TEWMEL & S EINA
Roh ¢ B5E, p<005), FHEME, KEioBwTk
LE I ENT T T 7 by BIIEEETH D,
I D 90% DL EIZEEHFTH - 72,

A. tamarense \%, 2009 £ CTIE3 A6 5 AI2H» T T,
2010 £ T 3 AA 5 4 B2 T 0~5 m @2 iz it
BUES B I HEE L 72 (Fig. 3)o 2009 428 X U8 2010 SE OB
HBIE I, 2291 1,600 cells L, 1,900 cells L' Td - 72,
St. 11 & St 13 DELMNIBIT 5 A. tamarense D HHIEEIZ
ZIRBO SN h o7z (HIE, p>0.05). AMEORMIEEEE

i3, PO4 PIRE LIRS EAELRAOHBERL (ZNENh
r=—046, —033), 7007 1) gL KRTHERIE
DAHBEAL S L7z (Z N2 r=028,0.32),

AGP &%

FEHARINXAIZ BT 5 A. tamarense D AGP G ER DG S,
2009 £ ClE 5 HOFEHED AGP O ARG IRV S
{71, 2010 4F 3 H OEHECTZ DM H OFRER
LV LEFEINE L o7z (Fig 6) BAKRMXIZBLS
Z) Skeletonema sp. @ AGP 1%, 2009 4F-Clt 4 A0

CEBRHROBEEICELC D, 2010 FTiE 3 A OBE
f%@ﬂﬁ@?m% HOBE L) b HEEITKL % 572 (Fig. 6)o
2009 4ED 4 ARTEOREH ORI B VT, St 11 B
SUSt 13 CTER LD HJEET A tamarense D AGP 755 <
o7z [ABEIZ, 20104ECI, St11 D4 H &5 H, st
13D3HE4RIZBWT, EE LD LIKRET A tamarense
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Table 1. The compositions and final concentrations of the added
nutrients to seawater samples for the Algal Growth
Potential bioassay. The removed nutrients from added
nutrients at each treatment based on the modified
SWM-3 medium are indicated in (A), and the composi-
tions and final concentrations of P-I metals and S-3 vita-
mins in SWM-3 nutrients are indicated in (B).

A
. .. Final amaounts
Abbreviation Composition (L’l)
- N NaNO; 200 pmol
- P NaH,PO, 10 pmol
— Fe FeEDTA 200 nmol
— Si Na,SiO; 10 pmol
Na,SeOs 0.2 nmol
Na,MoO, * 2H,O 10 nmol
— Trace metals
P-1 metals 1 mL
Na,EDTA 3 pumol
— Vitamins S-3 vitamins 0.2mL
B
Composition Final amaounts
()
H;BO; 100 pmol
MnCl, * 4H,O 3.5 umol
P-1I metals ZnCl, 400 nmol
CoCl, - 6H,0O 10 nmol
CuCl, * 2H,0 0.1 nmol
Vitamin B1-HCl 50 pg
Ca-Pantothenate 10 pg
Nicotinic acid 10 ug
p-Aminobenzonic acid 0.1 pg
S-3 vitamins Biotin 0.1 pg
Inositol 500 ug
Folic acid 002 ng
Thymine 300 pg
Vitamin By, 100 ng

D AGP 737 < 7% - 7= (Fig. 6)o Skeletonema sp. |2 £ 5 AGP
HERTIE, KB X DFEEDO AGP 95 R AAE, St 1l
TIZ2009ED 3, 4 HBXU2010F0 4, 5H, St. 13T
132009 4FD 4 HB L2010 -0 4, 5 HIZRE S L2
BECRED B L7z (Fig. 6)o 2009 F0 5 HIZi, ERE LD b
FIETHFED AGP A5 R AMEAB A SN, 72, B
FEIRNINXIZ BT % A. tamarense & Skeletonema sp. O AGP
13, EEH O POPIEE L EOMBEER L (FNEN
r=0.59,0.91)o

ETOWKAFHZBWT, SWM-3 2RI L 23Rk X T
W&, BRI & ) b EAE L 7o s O AGP AYKIE

B B iHEEEE & B O SR o i

Alexandrium tamarense
+Purified water

—Nitrogen
—Phosphorous

—Iron

—Trace metals

+SWM-3

I

L

L

[}
—Vitamins [_____/H

I

0

10 20

Added nutrients

+Purified water
—Nitrogen

— Phosphorous

]

]

I

.

—
—Vitamins ————3

I

—Iron
—Silicon
—Trace metals ——
+SWM-3
0 10 20 30

In vivo fluorescence (relative value)

Fig.3.  The typical results of the Algal Growth Potential bioassay
with Alexandrium tamarense and Skeletonema sp. to
determine the growth-limiting nutrients of the seawater
samples. This figure shows the results using the sample
collected from 0 m layer at St. 11 in January, 2009.
Error bars indicates the standard deviations.

WZHE L 722 & 25 (Fig. 3), RN L 72528 1 T I I AR FE D
WIC B Rz L CnbEELLNL, T,
MEBLOHETHBERA®Y, -SiX, -MELSEIX,
-y I VXTI, BHMUKIIX &Y b3 L i E D
w7z
A. tamarense 3 £ U Skeletonema sp. O FEFHE I BR K 11357
BTIIZ L oa, ) vEM B LR Y EERTH-
72 (Table 2), JEJ& TOIFEHIREA T, A tamarense Tl
2009 DA St 11, St 13 & b2 Y HMG L <ix) ~
t%i@% WRETH-72H% 20104E3, 5 D St 11
IFEEEHIBRAS, 2010 4F 4 H o St 11 B L UV st. 13 Tkl
mﬁ%@%ﬂta%mmo%%mMmpmfﬁwﬁm%m
HTF1E, U v HMOB4A (St 11 2009 4F4 A8 LU st
13D 200943, 4 A, 20104 D3, 5 ), ZHRHMOY
A (St 11 BLTSL 13 D 2009 45 3, 4 [ & 2010 4FD 4 7)),
) BILOEZROYE (St 11 0200943 A & 2010 4£0 3,
5 B) 23R 54172 (Table 2).
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Fig.4. Seasonal and vertical changes in the water temperature (°C), salinity (PSU), and Chlorophyll a concentration (ug L™) from 0
to 10 m water depths at Sts. 11 and 13 in the eastern part of Osaka Bay from January to May 2009 and 2010.
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and 2010.
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Fig. 6. Results of the Algal Growth Potential bioassay with Alexandrium tamarense and Skeletonema sp. to determine the growth
potentials of seawater samples collected at 0 and 10 m in depth at Sts. 11 and 13 in the eastern part of Osaka Bay from Janu-
ary to May 2009 and 2010.  An asterisk (*) indicates a significant difference between growth potentials at 0 and 10 m (p <

0.05).  Error bars indicate standard deviation.
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Table 2. The limiting nutrients revealed by the bioassay with Alexandrium tamarense and Skeleto-
nema sp. using the seawater samples collected from 0 and 10 m in depth at Sts. 11 and 13 in
the eastern part of Osaka Bay from January to May 2009 and 2010. N, P, and Fe in the
table indicate nitrogen, phosphorous, and iron growth limitation.

Date St. 11 St. 13

A. tamarense Skeletonema sp. A. tamarense Skeletonema sp.

Om 10m Om 10m Om 10m Om 10m

3/16 P P P N, P P P P P

4/6 N, P P P P P N, P P P
2009

4/20 P P P N P N, P P N

5/11 P N, P P N P N, P P N

3/15 P N P N, P P N, P P P
2010 4/5 N Fe N, P N P Fe P N

5/10 P N N, P N, P N, P P N, P P

% g héo

A. tamarense OIEHE R @KL, P42 15+5°C OFIFH T
WMESNTBY (4, 1999), ABFFEIZ BV TARREA L
BB L 723 B2 5 4 HOKEAT (9.5~17.5°C)
EWEIA—E LT\ % (Fig. 2 and Fig. 4)s F72, ZOHAMIC
BUAESOEHFEHAD, MAINE TIIHE STV
B RO BRI L AR R EFCHRE SN TWw o R
MY Tdh - 72 (LA - H4y, 1997 ; Natsuike et al., 2017)o
CDZENS, KRB I UOHEDNZIETORKBIZBITS
REHHOBERDO—2>THbHEEZONL, —HT,
2009 £ 3, 4 FIIF TARTEDIEFH I /Y 72 KT T db
HIZHHEDbLT, RMELHEIVNSWIEELRDOOLND
728, K & AT AR IH OB T T & AR
SNz,

KIFZETIE, POPIEEE & A tamarense O MM &
OB OHBENFED S, KRB IZB TR IT 52
WIS T ARBEICB W THIET 5 2 EVRIBE S L7z,
AAEA R & A AR IR O IS A OB A R S
5L, IEEECBWTOHRE SN TB Y (takura et al.,
2002), KRIEIZBIT 557812 BV C b AR
BRI W RBIEREDSIRE SN TS (LA S, 2009;
Natsuike etal., Fefa). —BIIRHIRONRIRTIX, £4ZF
BT A ERERAIICKE L S SN A HEEIC L -
TAFIRARRESE 2D, BEREFUESINL
B~HFICHEREY P LE T2 RBEREY 75~ 7 b
TN A (DWW EEET N — D) DIET L. ARG
IZBWVTH, 2009 FEI2iE 1 B2 5 2 BICh ) TR
BT 5—TC, 2 A5 3 HIZZ7uu 7 ()b a i85
DOEE R IEMASE S 3 (Fig. 4, 5), 2010 4E12iF1 HE 3 A
\27au 7 1) a OFEEREMAR SN (Fig. 4), 3 A
55 FIZHT T, REEHFREMRWEM 2N & 7 (Fig.
5)0 DX BEFETIV—LIEEDNS TIV— AEZIZB
B RASKRIRLE DS A RN AR LT 5 L E 2 5

AGP SERDOFE R, A tamarense HSILIH S B CTHIL L
723~5 HIZIZ, A. tamarense 1 & U Skeletonema sp. & b 12
FRETY o HIEEHIRK T & 722 5 72 (Table 2)o & DEFDFE
f& > PO,-P iEJEIZ, 0.03~0.09 uM DOFiFH T - 72 (Fig. 5)o
KBE & 0 HEE L 72 A tamarense B & U Skeletonema sp. O
IS B POP IRFEEDFRIAELIL, £ LI 0.15,
0.2uM TH 5 Z EAHE SN THY (Hibs, 2013), #
JED) ¥ IE MmO EAER L D o7z KK
BIZBWTEFETIV— LF%I2 A tamarense DIEFENS) > 12
Lo THIBRT 2R E R V155 2 LI, FHEFS DEITH
ZEIZB VT CITHEHE L 724 (Natsuike et al., in press), 4
DHAEHEEZZ ONDEREBIBWTHFEERIZ) “IC
Lo THIHAHIR S S 2 Z EAHL N E o7,

FEOKIE DKL Z V72 A tamarense % FEAHHE
L L7 AGP HBROAE R, KREIZBIT S AGP £ ) bIK
& D AGP 5\ h, K LKIE TR 5 KBRS A
tamarense YEFEOHIRER & 7 535657058 5 2 & H3HE &
LT\ % (Natsuike et al., in press)o A. tamarense 1%, HETEIZ
L BHEKEE A L, HIERERENC X - CTRICHRE
WIEET  TREIT A 2 LM ST\ % (Fauchot et
al,, 2005), @ & B TR bAoA AT 5
BRETIE, HIPSREREIDSTIEE TS % A tamarense \X, A
OB N GHEEEEZ LN LHEEH LD b REEOHL
NAKIZBIL TEMTH AT RSN S 5o AWFFEIZB W
TDH, FBRIEEIREEIMEWEREIZBWT, A tamarese
DIESE D AGP "EIE D AGP £ ) b KE Wi, FigL
R THE L B HIRER TH 5 %54 HHERE S 4172 (Table 2,
Fig. 6)0 2D X9 =GEITIA T, KL TIEFE—DifEK
AEHI BT 4. tamarense & Skeletonema sp. O [ Tl BR A
Tl L nEEa /s 2L 2010 40 4 Ho
St 11 & 13)o Z D7 EEHME H O F R B EHOZORE X
FHEE) v - E2FROFAROESEZ L Tnb LE 2
51575, MEOEMICVE L § 5 KA FEPTHIZ
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AW & 2 [Fl— KRNI BT D A tamarense & H:5E
Skeletonema sp. © AGP iABR DGR, FEIHEINMET 5
HFEORRBEIZBT, A tamarense & FHZEDKIRE THE
G 2 BRI & D ICTIS) OB X o THGEASH
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T TR 2 RBEESHIRA T & 2256, BEIDE
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DFFEFHOFRMED I X - T, KA HE L 72
BEIZBV O M OBIHZ 6 A 2L LT
B EDIRIEEI NI,
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