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Short-term dynamics of a Chattonella antiqua bloom in
the Yatsushiro Sea, Japan, in summer 2010:
characteristics of its appearance in the southern area

Goh OniTsuka'f, Kazuhiro Aok1!, Manabu SHimMizu', Yukihiko MaTsuyama?, Katsunori KiMoto?,
Hitoshi MATsUO®, Yuuki Kitapar®, Hiromi Nisui*, Yoshio TAHARA* and Kiyonari SAKURADA*

In summer 2010, a harmful bloom of the raphidophycean flagellate Chattonella antiqua occurred in the Yatsushiro Sea.
The short-term dynamics of the C. antiqua bloom and oceanographic conditions were investigated by intensive field ob-
servations. The bloom first appeared in the west-central area of the Yatsushiro Sea at the end of June. It then expanded
rapidly to include the entire area in early July, and high cell density with short-term fluctuations continued to exist till the
end of July. In the southern area, increase in the cell density of C. antigua was synchronized with the timing of low salin-
ity water covering the surface layer, which originated in the fresh water discharge from the Kuma River in the northern
area of the Yatsushiro Sea. This synchronization implies that the dense water containing C. antiqua was transported by a
density-driven current from the north-central area, and/or cell density was enhanced by the stratification associated with
the low salinity riverine water. A rapid increase in cell density in the surface layers and the subsequent deepening of
dense water below 20 m occurred in the southern area in late July, resulting in enormous damage to cultured finfish.

Key words: Chattonella antiqua, harmful bloom, Yatsushiro Sea, Kuma River, low salinity water, density-driven current
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WiE, M5, RESEDE22H% 3 8M s EEH L
“CL\Z; (Fig. 1). oA AKZED P ALHER sk ¢ 13 g 1w
- IR N 2 T HE— O — )| T AR R o 5
%Uuié;nﬁ&)éﬂ?f;m (s i f 1,880 km?) & by & L
72RO B AR L 2 52— T, KEDOGT IR
IR Al U TIRAT 2 4N KD S 321 T
W3 EIEA, 2004) . SRS LB MR & HooiZ 7
D FEOFIHAEM A ITDIN TS A, F, AEEHE
X DAREAHIEL Tl D, ERROBITIC X 2 MERE
MG SN TS, RRIC, 2008 FLIBE 3T 7 4 B
¥ Chattonella antiqua D 7T KFEEIZFEAE L, 2009 12
EARY 29T, 2010 1139 S3HEMT & 24 CHK i
FEEE L 726 U7z OKPEIT UINIESEFRE T, 20104,
2010b) . NWBIZE T B C antiqua #7310 54 FERE R IH 75
5 MNZSHOPERF KD 720128, FFARM RO
BURFE A UPR L TR BB H 5.
JURIETIE 1988 412 C. antiqua (2 & 5 ) D 4% 303
W SNz OKPEFT JUNIESEFREE TS5 T, 2010a) . AFfED
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Figure 1. Map of the study area in the Yatsushiro Sea, Japan.
Gray dotted lines indicate the bottom topography in 10-m in-
tervals. Solid circles indicate observation stations along and
across the Yatsushiro Sea. The solid triangle indicates the ob-
servation station W off the east coast of Nagashima Island.
The open square indicates the AMeDAS weather station of
Minamata.

BB S ST ARSI AN B 0, 1998 4F DARR I3 I IE f4F
HWELL , B AeMEtiEas 2 LT3 OKEF LN
SEFEE R, 2010a) . SNUHFIZ I B C. antiqua D B
& BB OBIRIZOW T, BURBIIR B NEER Y S
W OPDOMESRE XN TS, BENEA, (2008) M
H (2009) &, 19864ELIFED KRG - T — & # w7z
ER TR AR & D MRIC K b, R - IR
BAEDENVERGI L, ThooMEmREICksE, C
antiqua R AT IZIER AR AR I IR TR A DY 1-
27 HANIZ & 725 6-7 A DISIEAE - KREE S BE<, &
J& D DIN (VA{FREMAEZEFK | dissolved inorganic nitrogen)
TR MR 2R L7z, SEIMEE 2 (2010) X NTFER
& 200844 H —20094-3 H THji < h 7248 H 1 B0 A1k
W,k EACh O E 1R O E B & C. antiqua % &
RN TS v o by OMBIRME AR L TS, %5
3, BNEBRTHRM SN ZHEREHE C antigua DK xT
3% REGEREE OO DS BIGHR S 35 1) B i O i) x5
REARML TWAZ &R LA, X610, SKMHIER
(2011) &, NI E X OEEMEIE2 (2010) & [FED
BT — 406, JMUBIZE 5 C antiqua O BERERIFE

I Td 5 DIN-DIP (VA{FREMENE ) > | dissolved inorganic
phosphorus) /& D8 S ARE 7L — 4 OBYRE % HlH L T
B0, KEEEIREIC X > TR 250 AD 5 WRelt %
BhL Wb, DED XSk C antigua T84 - JEFE
AR DUFTEBRIE D NP IERERFE & SO U =D ERS il
FRERFREISR§ 2081, A2 & 23EZ Lo sl
T =45 AATE = AR & By AFIEORER 2 7 —
ILTONRIFIZI T B C antiqua D B 2 RE L T
5. TO—HT, —HRENFAE L 72% D 5 AR OF5H) -

PEK R B I BE DRI & o 728 H 20 5 1 R R
D Z r — L TORIN % C. antiqua DBIFEIZ DWW T,
IhFEF T/ BTIRIEEAEHEDL L, ZOHEKIZON
TEam SN T I o7z, ZORHE LT, BEEChH
FEE WS 2 EMIN B BN L B T 5 v 2 b VBRI 2
LR HFEE & RIS, JREO XS BPRERTIE
Tt & 7 5 pnBn s ORI A R B RS TR & S ZML§
5728, MREORFZEMZT % HL0E=4 ) v 7 FHE T
BT200BWHETH > ENFETFEND.

ST, EmIcREE =42 v rREEFEEL <
WBREARR - RN RSN A T, BIRSEERO RN SRR
MAATLOLICHEFRA S ARBEDOE= 24 ) ¥ IS
Ko TR BURI A NWBREEL T D, 2 bl
WA v 2 —Fy PEBUTHEY) TLEAL LTARESIT
W3 (REARBEKBEENZE £ v & —REIE®R © http://www.
suiken.pref kumamoto.jp/kan/akasio.htm, JH " 555 oK pE 7 BA
¥t v & — RIS ¢ http://kagoshima.suigi.jp/akashio/html/
index.shtml). LEtE=4 U v 7 ##3, 2008 LIk, C.
antiquaHDHET T V7 b v O MBI HER W 7=5A121F
FHHITDNTE D, M ORZ2 B4 8) 2 7 il ik
LI C0d, Afacid, ZoEHEE=2) v #l&T -
ANEME 2 &5 722010FE =0 )\ C. antiqua 775
DG BIRE & [FIRB OB B & OBIRIC O W TG ¢
3. ARWIFETIE, FrC, SOHEMORE A )R SR
(281 B C. antiqua /RO HBURE & O I MG 217 - 7=,

AT E

AEFEAERDAZ DN TIE, BEARR - EHBRIZK ST
) 7L 2 A4 LATAREN TS C antiqua (% 7213
Chattonella &) WINEEE (cellsml™) D55, 20104136
A Ta)-8 A ERO 7 — & % vy, 20082009 -1 FEil vk
TEEE AR HER I N8 Hpf - Pk K07 H M-
SHERODEDEZN TN L2, AEhTnWE T —
2120, HEARERRENL I IC X A AR ROIES, KET,
REA WL K FE R SERL A, HERLS I O UM e IR A - L
O FEMRMIADWEE X > T Tbh 7z AR S
INgR SN TNB A, KR TIXC. antiqua FR1F A AR
I H A A 920 L O 22 B SE R R A s o 3%
AKX DEfF 728 O % FISHY, EEERED 7 — 4
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I L 72, S48RY COlE & M7= BRAKIGAL R AR & 5
WY B = VERKGBIC Ko TEREA2 S S mTZ L 21
IomZ &iZfibh (RRARBICK2WATIE 2mETE K
fi) , FRAIRIEE RS, A ERREE S U < 3B B TReERm %
N R A

VLA, Chattonella BB LTI, EREL BIZWH2 S C
antiqua, C. marina ¥ X O C. ovata D5y BN THRET & 7=
FO3FEABHBIZX AT 5 Z &3 L < C marina & UTH
BTHZENPREEEIN TS (Demura et al., 2009). 727%
U Demura et al. (2009) Tid C. marina JFFCHEED 2 B sk
Thd4 Y FIVFOERE DUBREFATTHbhTE S,
B LW HURRANO ) ARGl A B L EE > T
W, ZhE TR TIEC antiqua & C. marina O B A
BENTWE A, KFEBIIC K 2FA T Iciis S h-fMileo
ZEAETRTHAC antiqua 4 4 7 TdH - 72. Demura et al.
(2009) DFAERRIZHE AL, AWE TR & U 72
[X7E 3% Chattonella marina var. antiqua & 75 % 78, KL T
IRELZ B 5 720125 A THERD /R RIZHEN, C
antiqua DHIRZE L 72,

WU RIC DWW T, HMEEmFA T K ORERLS IR
OHFETHHE I NZ5mZ & O LHEEAKEG (VST
6600EDS, Hydrolab fl:#! DataSonde5) 7 — 4 D 9 %Kil -
oy - HOERE 2 F V72, SREIRIC OV TE, BRSNS
XK LOA -+ 7F T4 ¥ — (BL-TECHE AACS-
4) W5 T 6 /2 DING K O'DIPIRIE % fi I L
7z, 2, KEWBRIZOVTE, KPTT7 2427 -4 (K
Rifi) &0 1HZ &0 HRKERES KO 1IERE 2 & O -
JiGd a2 HF L7z D &L, WIREIC DWW T,
2 A LI I S AT EDE TS & - TAR
ENTWBY T a A4 LWIER (http://www.qsr.mlit.go.
jp/yatusiro/) 205, 1 H Z & OEREEHE B HEAAE 4 FHu 72,

s 2
N\XiBIZ & (T B Chattonella antiqua D HIRIRT
2010 4F-13 6 A 3 H 12 JUR 38 o #1 F 3 15 B0 C 1 cells
ml ' AP CTHER X, D%, SR HE O R§HE ©
14 cellsml ™' 23 fERE X 7= 6 H 25 HIZBEA IR X 0 A )
AFEA ENT=. 6 H 30 HISi3 VR b E o i s R =
BRI TR E 100 cellsml ™' L EIZE L, 7H6-7
HNSE ) UL L 4 B < RT3 TRCE 2 & 50A cells
ml ' ORFHSK Sz (Fig. 2). HFFHEEI R KRG
BINRETIEZO% S EEE 2IREE, 7H 15 HIZI3A
WV TR 6,615cellsml ™!, RE T 5O XL TIERE
21,100 cellsml ™! MigRE & 4, FAARHE M7 H23 HIC
3,200 cellsml ' SRR S Az, —T0F, MO+ -
EEBRICE7H 2OBEICHiaE g i~ K F L 100
cellsml ' LI T & 5728 DD, 7H 16 H L OB iz
U, 7H20 HEI#ICEEEOHGKEAHBIL 72 (Fig. 2).

ZOTHFROY =2 KIZiE7 H 22 HiC RS R Tk
2,260 cellsml ™ BFER X NZDEIZ U YD, MR IA
2B cellsml ' DL EOAREIZE DL, ZTOBEIZE <
DFEEANBEH L 72, D%, THER» S 8 A¥ID IZHila
BT B U, 8 H 5 Hicid ) Rk Tl e & g
2cellsml ' BAF &5 T, AHRENIAEE L. 2010 F-D R4
E LT, @ED C antiqua IR A A2 R TREA IR
21y AR, MawE OB IRREA AFIPH < KW
N2 ENRFETFENS,

Chattonella antiqua fiIlR % E## L REH - AR
B - BFIRE L OBR%

SRR EBD Stn A1 T, 7TA1HORBIE K THO7
H5HIZ1,100cellsml ™" & 7 5 7= 213 Folic Al i 25 g o 28
FHvNE L KREOKE - W02 bE$7H28
HETE 568 Ecellsml ™ OBEEEHEFFL Tz
(Fig. 3b). —J5, &0 Stn W OMNEEE s K& 5 OIK T
ERILCHMLCTEH D, FICTHBEO2EOE -2 1%
WA N 24 I8 LTz (Fig. 3¢). SaWi
B1F %7 A% EOMIEEE OBINIIE MK TO ¥ — 2 &30
A7TH1ITHRRES B E, 7122 HIZHRE 580 cellsml ™12
¥ L7 (Fig. 3¢). REE&MIZo>VWTE, 6 A Fr 58 A
FANC T TSR D B & DD FEARMIZIZREZ O DR T,
I HRRE R AERR 2SI % 7 A 17 H DB S80S m L <z
(Fig. 3a). WJIFiEEZAS &, Z OB IZERENA 60
KB KD 258 Z 5 TH D (Fig. 3a), ZOBHBKIC
Stn AIRW TERBEDEFDIKTLTWAZ b, KKE
JA 6 FAT 2 MK H RS )RR £ CEES
bLE L 6N7. Fig 3bB L UFig 3cizks L, 7H10H
CEICEREE 3R & 0 LR WIEMK F 23 H - 7248, ZHhiz
ORI HERAY E 5722 &, ARUBIEEIZ 0 LT
WIS KA P L7720 bR ah 5. 72, Khge
20 mVED B E DO RE BB I A K G D Z B THWIT
E, MR TR 5 &M IS RBEIE T 2K Stn A1 T
BIEENKE DN 572 (Fig. 3d). Stn W TIE L FREDBEE
DR S NRE»HE >727H4, 12, 20 HIZHREED
KF»AED LN (Fig 3¢, d).

7 B T EICmERiEE T 5 h /- Chattonella antiqua #lia%
EDEMEBREFMDEL

SRR BRI AT % St W Tl , RIS A2 0 A
LW BEAER E T2z 7H 17-19 BIC 355 73
cellsml™ (7H17HFHZD5mEE) THo724, 7TH20H
DARE & Sl s 6 (2 B4 4 o b 7 H 22 H 2R #2112 688 T 580
cellsml™' & 7 -7z (Fig. 4). RIEORWE 73R4 12
I T 722, RETOGIE - AR MErE 7 A 27
HuE Thix , 2SN SEE SRS iz, 7272
U, 7TH21 HRIBE, MR I2A 6 Nz BOARE o b K i &
C. antiqua = ZHEEPIR LIS B> TWwW& , 7H 23—
27 HIZid 20 m LI IZ B W T H R Sl T 73155 cellsml ™! &
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Figure 2. Spatio-temporal variations in the maximum cell density of Chattonella antiqua (or Chattonella spp.) in a

water column in the Yatsushiro Sea in 2010.

VD RO E E SRR S . 20 &5 ARHO
ERR KA K OC. antiqua EEEEDOFILIE, SmMW 7217 T
75 < Rl OO TR i e SR vk 12 3 o AP TR & 7z
(Fig. 5). 7H2829HIZIE, WEOmEL AR C< L
Tl B 134 TRz L7z (Fig. 4). Stn. W%
FHIZOWTTH THD C. antiqua S EEAL B K U EE

JEFAL DI T M % iKT 5L, 7THI9HIZIE 10m
A& TR TR RIS 23 2 > 72 (DINYRIE >3.20
UM, DIPYRE>0.14uM) DIZxL, 7H28 HIZIZ10m &
DEHEWETERENRFEFH L L~ (DINJEE <1.44
UM, DIP¥EE<0.02uM) IZE TN LT/ (Fig. 6).

zZ =
NRiEREREEE (C &5 5 Chattonella antiqua Tr#1D HIE
LRk
JAR GRS T D C. antiqua W% FE O B8 0%E 2% R ¥ oy
DZEB L FW L T2 (Fig 3¢). 72, JURWERE H5h%k

1281 B MilaE g ORI & REEAMKTO 24 I v 70—
FIE 20104 12BR 597, 2008 4F-%5 K U'2009 - T & il < h
7z (Fig. 7). ZTO X5 LR ) EHETEAL
Moz 6, C antiqua 10 B HER E A O W BUERE
Wz s, UTNTIE, ZOREKELTELOND, BRkEE
JI A6 DIRATRAN & > THRE) & 7= F B K 5 HALEs
W & DEBEEARKBOA . B L O ER O ETR
AR IE RSB 5 MR E A T O EEEL, Ln
3 2DODABEEIZ OV TRHET 5.
INETOEYMFINRICL S &, C antiqua l3ED» S
K2 TEBARD LA (>20°C) L& gicv 225
A Lilprh &2 PR 200 ML 20, D%
& o Thi 2 BRI 75 % & BYGH U ARml 2 TERCS % 2 & VA1
5N T3 (121X, Imaiand Itoh, 1987; Imai et al., 1991) .
A (2009) &SRS E T 5 > 2 R s34
B2 5, JMRUBIZI 1 5 C antiqua D seed population 13 > A
FNTHBZE, FAEEL Y A b Oy mmid BRI
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Figure 3. Temporal changes in (a) sunshine duration (open circle) and daily wind vectors at Minamata, water discharge from the Kuma
River (gray bar); (b), (c) sea surface temperature (gray triangle), salinity (open square), and maximum cell density of Chattonella anti-
qua (closed circle) at both stations A1 and W; and (d) differences in densities (o,) between the surface and at a depth of 20 m at sta-
tions Al (open circle) and W (closed circle). Open circles along the time axis indicate full moon, and closed circle indicates new
moon. Stations Al and W with frequent observations were selected as representatives for the central and southern areas of the Yat-

sushiro Sea.

ALK TN T &, REMIEAWIRE & Nz igRs & I
AW BB TH B Z LA ME LTS, & - K
I (2005) & RIS, Chattonella &0 AR HA7E A4 13
BRIEETIII K O 85285 % 52 3 ¥ 55 R BB I W AL ER vk &b B
W KIE 5 ééfi&:ﬁﬁ”ﬁraf’6}A§i&0>ﬁ%§%i&ffﬂi&:xtfx?fb>
5. £, ZZTIIRILVLOHEARE - FEIREFE 2B L
Tb‘éilﬁﬁﬂlﬁiﬁki %L, 2010 F-[ARRIC C. antiqua #x I A
FEAE U 7220082009 1213, MINREE O @R A 5 H 2
5 DEMFEE b » & B - T B 23R X
N7z, ZTD 5520094 OB 5RO HEFLIZ DWW T,
ERIEEN 2 6 FA L 72K R B & - CTHRE) & o 725
12K BARMIKIEOBH THMAMEETH 5 L0 B 2 o
L=y g YESREEO TS (HARIES,. KFEK). Fig
1I2& 3 &, 201013462 5 A D S E AR O FEE) 23

W CId Ay, GERE O ORISR AR 2 5 72 & 4T,

EREEIN 20 & DIRAKFEAN & > THAB) S M =B EHIC & > T

SREEMNN A B I St S M = BB IEH s E A b h
% . Fig. 3b#5 L U'Fig 3ci2H WV T, StnAl TiESmW & D
SHIEE AR MEAIZH 5 Z &R, StaW THAIK N &
HINABERE DRI 2 4 5 7 MEEAE RN & (7THHG
FoA) 1, 20104 2008 2009 4F & [Alkk L2 LS v A
DEBE KSR E N LML TFIELAWRRE
oTW5,
#%mh,ﬂmim%fﬁ'ﬁmﬁff&<§§®%§
LHHGT 5. SR I T & RIF ORI 12301
A®% 2523 AEEB I TR E M S hTn 5
(FEINE A, 2004) . 20 &5 1 R0 S 285 A 5
WETRREL, KEETH > 72 C antiqua 23R % 4 E
L3 5 2 & T, #iRe UTFig 3cliabni Lok
JE¥E oy & S ORIASHEE Z > 22 0lREMEA H 5. 22T
A GRIR I F6 1T B LR BIRIRIE OB AR N2 & T
%, DIN-DIP & & (2% U A {0 HI TS 2 K M) A 7
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Figure 4. Vertical distributions of water temperature, salinity, fluorescence, and the cell density of Chattonella antiqua at station W dur-
ing 17-29 July 2010, when the highest cell density was detected in the southern area of the Yatsushiro Sea. During this period, the ob-
servations were made twice a day in the morning and afternoon, except for 18, 20, and 25 July.

L7- (Fig. 8). Nakamura et al. (1988) 12K % & C antiqua
DRFEE N % VA AE KL DIN T 1.0uM, DIP TO0.11
UM E R TWwW5, Fig 812k 3 &, B30 FOBA,
DIN-DIP % & & (2 FAadflE R & Pl 2 #4265 <, UK
W IC B CRIE S K LABRETH 72, Z
OFEFI, IR AR MERIZENE L 722 & 2233 il
HRORERIIHBE SN R TH -2 L AREL T
5. L7=h-C, WJIHKROREE 2 f i & THE L
C. antiqua 23¥E5i L 72 &
ZHE U L 22 RIS s c i S h e, & L IiEp
LI A © B FE S B 3% P ORI A LIghE L 72 &
FBAZESIVERTHAS.

05, REAENKPARETH 2L LTE, (Wi

7 KFRATH C B B R B BRI C antiqua iS5 %1% AL
2B LT B R A & B . Fig. 3¢ & Fig. 3d & ik 5
&, B IR L C. antiqua MITEE B O B8 H
KL—HLT0DE, S, IEEEEPLETEELD
AEEIAIC ?oh\ffﬁgﬁk}gﬁ RS 5 & ik CEEE
b5 Z M5 N TS (Gentien et al., 2005). T 7 4
F¥ETH 5 C antiqua & % < OFF W BE & RIFRIZ A

EWd KD G, WAL TR IR

BHITA2ZENMONTED (RAIEZA, 1979; Watanabe
et al., 1991; Watanabe et al., 1995; HEFIZ A, 2006), &)
B LARE N R ET 5 Z LT, SEBENC K > T C antiqua
ﬁ%t%#@;nﬁﬁ'%FLE*E%Lt?%ﬁ%%i
5N 5. FEEEIZ, BAEOMZIZ T Chattonella [ D i

EW@%E&LT%H@%E&%%E&@_ié%%,T
JEDRFEIG A HLD A A TOREDO MR R S T B
(1 21, Watanabe et al., 1995; A2, 1992; ZEMHEIEH»,
2011). 2D &5 HEA TSRO REA S L, SmW
125 % 7 A FoMlaEERmz>0»ad, KSR
WANE D RERE DR AL T2 iR b 5.
Fig. 3¢ ® Fig. 712k 2 &, 7H 12 HIZI3E Rk TR R
BHRRNTEEETERS>TWBEH, ZOEIZAM TS -
722 EIIMA T, MEFD OO AEAHIK L 72 Z & T
HERALZZEWREIND., 20780, 7ARAIOHMNE
BEOWITZOMERAIZLZHIIRE MR T X
5. 20Ot%, 7H17 HEIAKIE S KO FAIZ & - THkEHE
BRI ENI=Z LT, HRRIRICK > TREE L 55T
W72 Coantiqua 23$BELFEE) U 7 OVK G — Wi & R 12 S R
EERLU-HERH S5, — 4T, sSmWIZKF 5700
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Figure 5. Vertical sections of water temperature, salinity, fluorescence, and the cell density of Chattonella antiqua along the lines of A

and B on 18 and 23 July 2010.
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FRCMEER 2 S, GBI F5 1) 5 C. antiqua
M B ORI & KRG OO ER & LT, Ll
i 6 O B RO R AR B MG E T 5 Fa Bl i
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JUARE R ek C U rpAC R v A M A B U 22 RIS
EREENHR DIKIE A K PTWAT B 44 IV 7Tl L 2
5, EWH TV FUAPBEINS D, MEYIHOMIuE
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Figure 6. Vertical profiles of (a) dissolved inorganic nitrogen
(DIN) and (b) dissolved inorganic phosphorus (DIP) at sta-
tion W (open square: 29 June, closed square: 7 July, solid tri-
angle: 12 July, solid circle: 19 July, open circle: 28 July).
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Figure 7. Horizontal distributions of sea surface salinity and the maximum cell density of Chattonella antiqua in the southern area of the
Yatsushiro Sea in 2008, 2009, and 2010.
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Figure 8 Relationships between (a? Salinity a.nd dissolyed ino.r- Figure 9. Relationships between fluorescence and the cell den-
ganic nitrogen (DIN) and (b) salinity and dissolved inorganic sity of Chattonella antiqua during (a) 1-15 July and (b)

phosphorus (DIP) in the southern area of the Yatsushiro Sea 16-29 July. The data were collected by the Azuma-cho Fish-
in summer 2010. The data were collected by the Kagoshima

Prefectural Fisheries Technology and Development Center on
29 June, 7, 12, 19, and 28 July.

ery Cooperative Association mainly in the southern area of
the Yatsushiro Sea.

7 B M EICREEREE T & 5 h /= Chattonella antiqua= % & K& & ->727H 17 HURE & fi Tz (Figs. 3¢, 4). Fig. 6
ILEBEERRENDER I2&B &, THI9HA2 5 28 HIZA ) T10m LR TR
StnWiZH51F % 7 H O MBa% O RmME, REEMK WEWRAD L THBD, $EMBEITE 5 C antiqua ' FRED
TEMMHA =L T THEREE D, REED 2 i REHAME L, @BELEZE2REEhS, Ll
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K5, THI19H IR CHEA MM Thd27THTHDK
i, TR &S AHITEEIE ORINEA S s 5 7
(Figs. 3¢, 6). ZD7HHIY - HFOENTOVTIKRS -
WAEBRBL ORI 5 WL O OERAE A 5N B,

9, ZOBREPICSRT 5 7RO Z(LAE T 6N 5.

JURUEREA T, 7 HEEIZ A 2 2 5 72 H HEIERE 23 Hg R
9% 7H17HZBICZEICHIML 72 (Fig. 3a). C. antiqua
DOREHE I RAF TR DB DWW THRIE A O ARIFPED
HEsMe & S ICBENER TR Sh TR, BHEEIC
3 5 feai g O ARl E B s K ORIIZ VT C antiqua

DEDHIRKTH 722 L ARET TS EEMHIE»,

2010). Z D728, ok 7 7 22 F v X L HGEIZER L
TR BR TR % M L $ 5 C antiqualZk 5T, H
HERRFEI 23BN U 72 7 A2 D1 S 23070 2 SR EE 72 - 7=
IS, RIZ, HiE U 72 RG22 BFR L T 7z
REMER ® %, 7 HEFOEA, THIHICEMETOE -2
WA DM, ZTOHKTH 12 HEIZ R RE 2 i h &R
324F T B> Tz (Fig. 3¢, d). —F, 7TH®HPIZIE,
BT HITHICRIKE &5 728%, EA LT 00,
7H28 HE & TEEBIE MR STz, Bk L 72k 5
IREEALT 2 IZI3ARBEALE LT B EERDIE S 236
Mz < &FEZoh, 7THETY - %O EHEEDE N
C. antiqua DI B A RIT L T =A[BEMED B 5.
7o, HESOHEAMOAMEEURLEANTH 5 72LF
AbN%. 7HHTE - %P THORERE &M% OBtR %
W4 % & TP EW A B > 72 (Fig. 9). 7 Huil$
ZIRHOEERE 1§ 2 M Ok <, m#EOH S
S35 72 DI HRT, 7 AR IREOLRZ IS6 9 2 il
EoExEL 50, HEEHEL Ko7z, ZOMRITT AT
AW C. antiqua SN DK 77 2 o b V3% <
GENTNZEERELTWS, FPRICHERERIZKS
A TIE, 7 HHEFIZIE Chaetoceros S DN G E T
WD LT, TAHRPFICITEERIRIEE A ELEWL,
IRIXC antiqua D APFFEL T2 Z E MR I N TN S,
HEHOBREIZ DWW TIANIZE THRET L Tk 53 C. antiqua
EDOBBREANTH B0, Ay Lol Lnc
antiqua DIFHEBRBE & U T RIFETH - 72 Z L@\ 2
W,
7THBFOMIRBRICA S /=8 5 —D DRI 5 BIR
&L TC antiqua B EBRBOFLAZE T 6N %, 7TH20H
LA Tl i d iom TRl ST z28, 7H
23 H LRI IZ 20m LIE CEEE D C. antiqua 738 & 7z
(Figs. 4,5). BE, C antiquarWix$ & LT FRGICHEGHMA
ERRPTEFONT RIS T E 2, Sl hi
EEEEOEIE, A\ T TEHIIC K > T2
Fhhro/zZ & amEL g, BEHIZER L C Ry
iR & FR T A ARMIZE 5T, HHIZKEI0mEE
THMTHIEIFERICESTANTH 5720, ZOEE

JERE DT S DAY BRI AL B L 72 Z & H
5 Eha, SmWIZEBF % C. antiqua i REE 7 H 21 H
25 7H25 HEIZH T TIRAIZEL o TR, ZOR
LRI XN T D (Fig. 4), SEIRA RIS 7 8
12 & BURAARZE QYN 2 BN X 2815 & 13F 2124
W, —J, Fig. 612k % &, 7H28 HIZiZ42fE T DIPIRIE
730.02 uM BLUT & A FIHNE B & RIS Rl > Tz Z &
5, ZORBEEROFLICIZREEREO B X 54
W) 2 R 2B 5- LT =TT R 2 & 5. S HFE2 (1993)
IAREBBIZBEWT C antigua R EMEO B MM E ~ Z b
oA AL, AR PR TO Y 2 M RN R
WIS 2 VEEAMIML-Z LA RE LTS, 77,
BT T4 AV M b Ty T ERAWZFAETC antiqua
DRFEMIANE — 2 WA TER UIAD 72112, Y A b2
KEISHiE XN T\ 5 (Nakamura et al., 1991). SO
HETY Z POFEBIEERE STV, 7TH TFTHIZAL
N7 @EEREOTAR, AREIAR O RFEIEBREELIZMES
v A MEROHIBHE TH - 7= REED H 5.

FELEHESHEDER

AWFZE T, I 2 15 FRIRREEE S ISk -
TIFbhETE=2 ) VDT — 2 EHA L, 2010FEE%F
WU TR L 72 C. antiqua #7110 75 BHE)TE & [RIEEH O
BB & OBRIZ OV THRE 21T > 72, ZOHE, /UL
W BRI 361 B C. antiqua MRS BERGIN & K IE K
TORMARM Eh, 7H FAICEC antiqua % E S
BRI 20m IEANO S E L RE O TSR X M7z, Coan-
tiqua MR E FE RGN & RIBIE KT OFINIIC >V T, dt
ERIZATE T B EREE 20 & OWJIAKGEA DB & 5 g
MR A OB EE B L ohiz, £/, 20mIET
D C. antiqua B BERGIZONTEX I THIINESIHE T
DWMEFIL 2028 < (TN, 1988) , WHFRET -4 & &
SIS AL O H 2L & Fldk L 72 S RO R IE C
antiqua DFRE AT 5 =B HR & 25 72,

20104F-0 C. antiqua #7W1E, WEOFWFEEFIZ LR T
FEAERFH R <, M B oo IREE 23 A C = B e
W Z & THEMHEAEKRES Lz, ZThoOREIS, FIL
< C. antiqua <2 FEE U 72 2008 - 2009 4F- & 13 ¥ 75 %
2, BEZDOXS ENPEC 2T DOOVTHLENIIT S
7=®ICiE, S, MOEPLRENREBTO T -2 858
7o X DA LT #1T 5 & & 12, C antiqua DEYEEIC
B 2 2 & 2 BRI 22 BRI DT, RBFSE TR
BT TH - 7285 % L OFEHIICHRNTH LS BE L &
5.

Chattonella WA T BE5120F, 5aAME & & 5 HEdH
WHBECZEBRBEMIZH SN THS (B2, 5,
2010; SEMMHNE A, 2011). SWIOFERIR TS, FHEEM
PAFAEL 727 AFi-FIZ e, 1RIEC. antiqua DAL 755727
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A IC S MR ORI A S, BEFERIR A 308
T AHHERE 572 (Figs. 3¢, 4, 9). JMIFIZ 1 5 HEHH
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WS DR HBEAS.

C. antiqua & C. marina = & % 77#1%, 1970-1980 41X
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R <Bohtnsd flzE, migs», 1997, 59,
2000). S\ T & AKUR - M - RIS 5 C antiqua
DO RGEILERERTARS N TH D |, B0l BE 2 KK
(20°0) AN T & 75 E bk & O T O A
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