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Disappearance of the bloom of the harmful dinoflagellate Karenia mikimotoi
induced by the occurrence of bottom intrusion in Shitaba Bay, Uwa Sea, in 2007

Atsushi KANEDA!T, Yoshitsugu Koizumri?, Daisuke TAKAHASHI®, Kayoko FUKUMORI?,
Xinyu Guo® and Hidetaka TAKEOKA®

As a blooming (or akashio) of a harmful dinoflagellate Karenia mikimotoi occurred in coastal areas of the Uwa Sea,
Japan, in the summer of 2007, intensive observations were conducted in Shitaba Bay on the Uwa Sea. These observa-
tions were to examine how spatio-temporal distributions of K. mikimotoi’s akashio are related to physical phenomena,
such as kyucho (intrusion of warm oceanic water into the surface layer) and bottom intrusion (intrusion of cold oceanic
water into the bottom layer from the shelf-slope region). The population density of K. mikimotoi in the surface layer
began to decrease on around 17 July before disappearing entirely on around 21 July. Mooring observation and repeated
surveys showed that vertical circulation due to a bottom intrusion occurred on around 17 July. With the occurrence of
the phenomenon, chlorophyll @ (chl-a) concentration, which is an index of K. mikimotoi abundance, varied. In addition,
the area of high chl-a concentration was likely moved passively by ocean currents along with the bottom intrusion.
Time-series sampling data from an adjacent bay exhibited temporal changes that were similar to those of the K. mikimo-
toi blooming in Shitaba Bay, suggesting that physical oceanic perturbations significantly affect the disappearance of K.

mikimotoi bloom in the Uwa Sea.
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IZAZES 5 P ONE 1.8 km F2RE, 4T % 2.8 km FEE
OWNBT, WHFRNEIREE S 2T RIETH D, EERMNE
DKRFEZI0mFZE , BEH I A 5B A1 T 50-60m,
B T0mFE TH B (Fig. 1c). EHOFAIEEIFH O
WE AR IAVEIE D 20BNL D@L, S
JedhER Y (Fig. 1c DREIORA) TiE T
INREBEATER X, K2 7RMIZ X DR BT
BEIRAVET S (WA - RBd, 1999). £/, ThExTo
22 & > THEREONEORITEER <, SHERKD
HEABZ T 2 20 & EA D W24 U 72BR IS —RE 158
BT ENRHELENMZEINTWS (72& Z1E, Takeoka and
Yoshimura, 1988; #ZKIEA, 2006). Z Z CREIE Ik Fig
THRAET 2 FWIRHOR OB AKOEAB R TH 5 (REIZA,
1992) . JEEA 0 WL TR CHAE T 2 Bt sk ok o ik
OHABR T, FHMIRBEAMIE T2 HEELBL TH
2ZLh6 [RADE] 4D 607 (R, 2001).
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Figure 1. Location and bathymetry maps of the Bungo Channel, Uwa Sea and Shitaba Bay. (b) A: ES, E16, E19,
E22, E25, E28; sample sites of the Ehime Fisheries Research Center. <: Meteorological data observed at station
M. B: Water temperature monitoring stations, U in Uchiumi and K in Kitanada Bay. A: Water sampling point in
Kitanada Bay (GK). (c) @: 1-6; observation points in Shitaba Bay. Water samplings were conducted at stations S
(O) and G1-G9 (®). Water temperature was also measured at S. Arrows indicate areas where topographic eddies
develop (after Nishimura and Takeoka, 1999). Numbers on the isobaths are depth in meters.

(Takeoka and Yoshimura, 1988). Z D%, SHIORHRLTLE
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HAKDRAT B Z 248U, 208, /MR (1999) 128
PAE RIS IS O RO BE 2 K S P IE £ TRE L
T3 Z & &G L7z, Kaneda et al. (2002) 13t
B2k 2T O R B & NHE (5 55 A, Fig. 1b)
TOKIEF ORABM O R & | R BHIHIR hoR84
L7ZEADEIOM ZIZH15ecm-s ' TH-722 &, ZL T

RA DA OR LR ET S 28 am L7z, &7,

HMKIEA (2005) 13ALEEE (Fig. 1b) IZHWT, KA D
DRV REEO BE L KPEA L, BN 7
TV VDOEEELA TSI EERE L.

FHBONETIE, FHFHRPHEBERL L OBMEIRAIZITD
NT03 2, LIS ULITAEREAFEE U TR K 50
EHZTO5, FREORBERLHFIRNE LD L D7 [

FNOMRME] (k3 e, 1975FDRICFMBTRE S
< DRI E %5 % Z U 7=8il3 Karenia mikimotoi T &
0, FEIERGE 300 S B 18 FOHFE A F I L
T3 (W NERECEFRE SRR T, 2008). WEIZiTbh
72 K. mikimotoi \ZB 3 2 W %L 6, Z O MBI RIS
Ko TRELZTHZ MO TS, 1221, /h
FAEA (1994) 13, VIR IR 35 T K. mikimotoi 7%
WU - PEUC & > TR B & AP ISk U 72
ZEEMEL TS, 72, BRIEA (2005) 1%, 2003
FACBBRACGEAL SIS & 2 AR CRAE L 2K
mikimotoi /D W BURHE & /X W1 B A & BEiic
Ko THHBIZEREL 22 L 2R L7z, FHIW TK. miki-
motoi D HEIFDOZEALIZONWTHE S 2Hlid sy, K
mikimotoi 75 £ D FEARM NI A U 72512, 2o R4
& o THREID BRI A 5 T & AREBRIIZHIS T
5. F72, IRADHIE B TIRKEMEG I ZRKZI T I L%
ZAibe, e EMRCREONBUROZ N A 2§
TREMED B B .

200746 H22 H, FHISE & LB 35 Tl K A3 45
L, BREAENELY 2 — (LI, Kifty 2 —) (c
& o> TK mikimotoi AR D FEENMER S N7z, ZDH%, K
mikimotoi AN T B 25 EFHIMGO - JLERIK 2 0
ZOMBIEEIRL ARG, 1y HiZhb72 DMkl , #
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R FAIC R 318 7400 JTH & OWEE 52 7=,
bivbiid, K mikimotoi AR MBI D ZAL & Z D%
LEFIZEZTEREZW SIS T 37280, FEOFAE LY
L0 TIBETHEEG L 72, WTRELRY 8 H K. mikimo-
toi D BUIRI A2 & 2 A, 7HYWAINC K. mikimotoi i
VAR Bod 2 A g S, b 2B H BRI AR
WL 7z, DK mikimotoi DR IWPIZEHL, ZDOH
FNZDOWTHET L2 24, IRADMIOFRANBKRL T
5ZEhbrotz. ZOMRIEFHUED K. mikimotoi 7<)
BT 2872 aMATH D, AERERTE LUTHRN A
TR ORIE MR 2B 2 5 D A THI» DEE LN
WISHBZENE, ZTICWET 3.
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A7 ik, FIBICm Lz KiFE v 2 — kA8 (IS,
Fig. 1c) 1281 2 8AKFE, BANOM S (Fig. 1c) IZFH
JBREEH, Ky 2 —ORES T&LwS] & L
K& AW Z I L 7.

S S T - 728K I, 2007F6 H22H A 5 7H 23
HE THReARO 1HICIMERLZZ. sava 7 4 LEDE
YW — i A 7L HEKER (AAQLIS2 ; TV v 7
TAEE) AT > SR OKEN12m) FTora
O 7 4 VHEEARIE U, R AR L 723 E Ok ZE AL
JRATRAZS THK U 72, BHIMEE T T Sedgwick-Rafter 31 £k
ZHWT, $RELL 723K 1 ml R D K. mikimotoi D GikHIE
BafA7.

W5 THNE L - RREHITIE, KR, WRIA, oAl
E L7z, Kiid, # €Y AKEE (Hobo Water Temp Pro
v2 ; Onset Computer f %) % T F2m A 5 50m &
ToEF 11k (2, 5, 10, 15, 20, 25, 30, 35, 40, 45,
50m) T10%0F X ITHIE L=, Wi, Wodid ADCP (B
W E w75 —FiMEN, Workhorse ADCP Sentinel 600kHz ;
RD-Instruments #1 $4) A V@RIZE8%E L, ¥ F8mA» 5 52
mZE CT4mIRT20 B ZICHE L 2=, fRARIZ6 A28 H
NH8H2BHETHREL 2N, AFERIZET ST — 2 DfE
AT RN BURE S TK. mikimotoi WHER SN 5L K ->727H
2ZHETE L7, A, Jidfiid s-8em-s™' DIk % +§
D HREMOMER S NEBL Tna 2 EER LT
2%, AWIEORNTCIE, B, EA DA E OWRLSO
MNOKE X EWMEICT 2720, mBIRIZES 28500
TN (7z& 20, /NE - W[BF, 1994) , 251K D FEH)
S35 % O TR ST 75 & O RGRIBIRG 53 % HLD B 72l %
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FUdFig. 1l T1-6TH B, KllETIE, zua7 4L
Wt v % — % A 72 CTD (Conductivity Temperature

Depth profiler, ACL-215DK ; 7 L v 7 14t#) 2\,

Wi WK E TOKM, Wy, 2 uvu T 4 VEOEE Z Ml

L7z, THI18, 19 HOBMNIKBIOGEM [ZLw S ]
EHOTUT 7278, AT FOWA 1, 413RAE
Kolz, ANCH20, fHohzran T ¢ LEEEIEs
Wkosaa 7 4 b (BUF, chl-a) OWUERERE
T raa 7 4 LVIREIZIRE L 72,

Kt v & — | IRy, BEWfGEIZILET, MR
DOWPIRS (Fig. 1c), JLHEREOWPRK (Fig. 1b) 7 EFHH
WEOGHEN THEREHEA — 7 2 2 s AKEBE 7 4
(ZFU-WT2-S ; ¥ =54 F 74 18 23E L, #HE K5
m DK A 2B M B = ISHIE LT3, RIS T FIE,
ACHEE THE S TV 3310 TSmO AT — & &2\ T
HY-5ME 2 B U, RO HBURAOZ (L L ik L 7=, &
7z, WiEORIS U (Fig. 1b) TR CEIZ7 4 ZFIH L T,
dtokE (MM F2, 5, 10, 15, 20, 30, 40, 50, 60m) D
AEHR3007 B2 ICHE IR TS, HEUTHIE S
ZRKET — 21k, BADFORERIEFNDS 2DIZH
WPz, VI R 15, 20mBEIERMTH 5727280, BHICIE
FNoPADOREDOTHT-23HDF — & %7z,

KA AR b KIFE v & — I 3UESE RS &
W )1 U TR 2 Al A & T oiss, ALdRE, T, 58
BV, FREAECHEL 2. #EIETHE 0 O5 Qg
Tirbhi, S &R CHE TR I miF D K. mikimotoi
DM AR A T B, K TR, ZOHREHFHED
T = AN S N ER AT L, TEE R KO T ERBL
S TOMBLRILEFANRT, TEBIZH T 5 IS Fig. 1l
INT G1-G9 T, BEM 5B £ TD K. mikimotoi D
BURMATIEL 72, 2h 6 ORI T 2 ARk S
0-Im&SmThb. HAEIZK mikimotoi 12 K 2 w3 HER
ENATHSH2OHREINALNEL B-7220HF T, B
W4T KD RAE B -727H14, 15SHEREBHITDR
7o, TEBLIMZ W T AMkOME S FE S 7=h, M
BHELR—ETIE o7z, £ T, KWL TIE2007 47
HHAINS, K mikimotoi D VKN 2ME X HEH L S T
W JBHRZ ORI GK (Fig. 1b) D F — & & iz,

AR IS B 5 BRACED AN, 5 A & B
fAs %720, [BEAEBIER] 2FIHLZ. [EHEAKE
WIER] 1%, Kty & — N EBKAEOE N TEIET 5
WHEBHOMBEEZ LD LB T, BEAED K,
WO NAERT 2 Z LN TE S, AifgeTik, 7418,
19 H OBEIAS R 278 L 72 [F1E RO 6 Wt (Fig. 161233l
M ES, El6, E19, E22, E25, E28) OF — 4 &#F[H L /=
(MR WKEERBRYS, 2007). F72, FHEDT AL AT —
s (PIFM, Fig. 1b) OJR, HIRREH, BAKEDOT -4 %
ML 72 (GREFL L v 4 —, 2009).
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#w R
M SIZ 84 B K. mikimotoi DMILEE (Fig. 2) &, 6H
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Figure 2. Fluctuations in water temperature at a depth of 5m
(open triangles) and cell density of Karenia mikimotoi (solid
circles) at station S. The solid horizontal bar under the x-axis
shows the period when the blooming (akashio) of K. mikimo-
toi appeared in Shitaba Bay.

7=, THSHIZIE1,000cells m/~' A A=, FH, #K
DHEGVPHAINZZ En S, FIEEBIZE T % K mikimo-
i REIORAERETASHE L2, 7H7 BICIZHaERE
10,000 cells-m/"' ZitA 2, —FE ik D 5N B 3D
O, TH16 H & TS IREOAFE MG L 72, 7TH17H2
5 MR WA EmICiK e, 7H 18 HIZIE 1,000
cellsm/"' & FEID | 6 HLAE, Rtz o< x-
2. ZF D% Y K mikimotoi (3 Uty , 7H23HIZE1
cells m/T' AR & 28 5 72, KIRISHIHEE S B ERE Th >
727 A B & ) & T220C S THERE L Tz A8, Ml
BEMWDPUZTHITH» 5 22°CLLFIZIK N L, Z0#%
13 21°C P2 CTHEFS L /2.

TIHBNO RIS G1-G9 THIiE X 72 Al A& O 55 1
(Fig. 3) &A% &, THSHUKE, K mikimotoi H3 I ri S 72
JTARSBENER TCRIRICEMUZZZ ENHKTH 5.
Wi Fo-1mTi&, 7TH7TH» 5 16 H £ TO/M, 10,000
cells-m/~! & L0l 2 SIRIE OARMATZEK 4, ¥ N 5mi
BWTET7THI0H2 5 17H £ TOR, 1,000cells-m/~ 'Lk
Ol E iR SNz, TH1ITHLE, Wihokgics
WTEMZEE MG T L TEBY , K mikimotoi D S3H 75 I
DL, WESOALST, BN TOMBOBRETH -
7=, Bk, LELOME, PRECL 72K A3 EIZ K miki-
motoi MELHLTEY , oM ~7 7> 2 b VidIZEAE
Bmahikr -7,

M sICB 2 RABANIC X > THRET -2 20T,
6 30256 7H23 HETOKE, Wi - wEOZELIZD
Wik X% (Fig. 4). KBOWERY A A5 &, WiE F2m
OAREZTH B2 5 7TH 17T HE E TR 22.5°C THER L |
RE A2, Wil F10mA» 5 50mE TOKRIZ6

wARENT, B T, Kk

A30H257H15HEE T, ZhEh2°CTEE DR T2l

LCW3, 7HI3-15HiZh 0 THEE4 588 L 2Rz,
e TROARIZ 1CCHREZB L TnWS, ZoHBOWmI
EABE, THI3-14HIE ERETHRA, TRl
TEERR AR L, 15H 2 S X HEMHEROAE NEDD
FRETHS, TRTHRAO@AAREL TS, TH17H
DHFITFT FROKELPURTE D BT LIELYD, Z0O#%,
W F40mLIETI19°CA Rz 572, £/, TH16-18H
2 TR T 12em-s  FEE OB BIZ 2 5 A R4
LU, FEcREfREOBOANDRIPEC WS, TH17
H LIB& K. mikimotoi D MNGEE WA L 72 FF512id, BAT
JE TG ARBBNICHRAL, FRBTRENANTRET 3HA
BT T,

AT OREHR (Fig. 5) 25, 7H6, 8 HDOKIED§H
B (a, b) 2A B &, ERZ21.0-22.5°CHEE, TR
13 20°CTEE DMK BEIEL TS, BPRUZHJIA 27z
WIF DO RARICKZ 522350y, 7H BN
BdD (KBREHZHEYLY 2 —, 2009), KiFGHre0HE
AL LTz, BEITRE T2 5ME, ThRETid24.57%
T, chl-a\ZBNEIRDO KRG 6 Hlg TEIREIC L > Tw
5. 7THI18, 19H (¢, d) O % A% &, EANTREIC
WX 19°CLL FOHKPHEEL THD , BiAKDMEAIZE
F=ILTRELEZEDRDbNr S,

TH6HE IBHD T — # Z#HWTIER LTS 44 Vo' F
2 (Fig. 6) 76, ERiZzo02-05%8 KEHLLZ-2Z L
bbb, ZhIEMoEELRbhsd. THISHDO T —
AEADE, A0mPETTH6 HIZHBM s h > 72 19°C
LT O#ARPGLEL, ZD EORIZIZTH6 HDEREAK L
FREOME ZHOKBFLEL TS, TSEA YT T 4K
O, ZOHMOWRhOT =205, 7H 17 HEIZEN T
MBI SEBI 2 SWA L, ZETIREIZH - 7=k
FHEAMIET S K912 hD, ERED O IZBNAKBEIN
WM L7ZEEALON S, XIZ, ZOHO chl-a D734 D
ZAt (Fig. 5) \2FHT 5. wibL7z&k 512, SEMHIC
MES, GI-GOTHEEh7=fFAk#HE T, FREIZIZK
mikimotoi ME&L U, BT 7 v 2 bV idiFE A EB
WEINEr 722805, chl-aD 3 AMZEALIZ K. mikimotoi
OHIEEDELERZ L TWBEEELILNS. TH6, 8H
OWrmEXIZ I RNz 40ug 7 A28 A 5 chl-a EFEL
Tz, 7THIS HITIXBRANIKIRE & &2 0, EOflo#
M F15mBPL 72 O CRREI A AT 2 IRPUZZEL L T
Wz, THI9HIZ X SIRREICAD , R T4.0ug-1!
DT,

TWIBTE U 2 KK T Rmh 02 L EA D i & DY
WA A B 72D, FHEMSE - WEOME U (Fig. 1b)
128 B AKREERS] (Fig. 7) &, 7H 18, 19 HIZH#EUH &
Nz FEE M & B AGE R ORI 2 1F ToK
W, M5y BEOWNEX (Fig. 8) #ZhZHund. Fig 7
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Figure 3. Horizontal distributions of Karenia mikimotoi at (a) 0.0-1.0 m below the sea surface and (b) 5.0 m below

the sea surface in Shitaba Bay from 5 to 20 July 2007. The depth of sampling layer is shown at the lower right of
each panel (a).
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Figure 4. (a) Fluctuations in water temperature measured at 11
layers (2, 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 m below the
sea surface) and (b) velocity (eastward component) from 30
June to 24 July at station 5. Data were calculated using a 25-
h running mean. Contour interval is 1cm-s~'. Shaded areas
are for negative values. Eastward (westward) flow is consis-
tent with the component of flow toward the head (mouth) of
the bay. The solid horizontal bar under the x-axis shows the
period when the blooming (akashio) of Karenia mikimotoi
appeared in Shitaba Bay.

26, TH16H2 5 F50mPI%ET17.5°C LT D ik
PHEA L, ZDHKDHANN > TUEIEESE THREAMCT
L7zZ&Wnbnb. £/, Fig. 8OKIMR, M550 e
XA 6, Bl 5 S AGE R MK - S O
AKBEEDH L TWBZEnbr b,

ez (Fig. 1b) 12364 M D K. mikimotoi DML
FE &g T S mOARDOEERHY] (Fig. 9) &, 7TH17HE T
ME R B 1 500-10,000 cells - m/ ™' P2 THEFE L Ty 722818
H2 604 L, Kiid7H 17 HE F T22°C RS THERZ L
WNIBHP G FLAZZ 2L 7.

JemEsl, E, SRS, WERENT, BT, ik

zZ =
TIETIZ7TH 17H» 5 K. mikimotoi D258 2% L 7=,
WSS TOFAKFEEDRERIL, 4 HBED 21 HIZ K. mikimotoi
DOMEE M lcellsml/ 'EFTIKTLAZZ &R L7 (Fig
2). 7z, FERENCEN FRICEKEKRSHRAL, EETIE
BENABBIANFH L T2 Z RSN (Fig. 4).
ZOT7H17HED S L 72 AKImDZEALD, K. miki-
motoi DI & BEIZBABR L TW A e N H 5. 22 T,
ARF TN Z OPFBREEOZAL 23 U 72 B HIZ DWW T
WU, XIZ K. mikimotoi 23)%D L 72 B [K 6 & OV FIEE L
ZBWTHEPOBRE 24 C T =al g ic OnTER T
5.
FHVFFEEBOWNIETIE, 7H 16 HA2 5 F50mLIET
AKBAMET LT (Fig. 7). 7718, 19 HOBHAKE ™
HOAKE, oW, FEMIFmskESRE 2 5 B KE
IR M - B DK AR D Y U 72 RIS e > Tz
(Fig. 8). IEADMIDORAIZ OV TIIME L ER IRV,
HICEZAKEREKOIERZ DRI EZ NI DT AL, K
JEARDFTAIZ LD Zh ATk D & AKEMEF 55 Z &3
WrkHed —Diz k3 EZ 6h T3 (K, 2001). Z
DIHEIZHES &, PBOIREARRIZZhLIET L 0 KT L
72Zens, THI6HIZEBADHIPRAELZEEAONS,
—7J5, TFIRBOKEINELD & 1.5 HFEEEL (Fig. 4),
THITHO®ZED? KT Lk 724, 2SR B FAITE
B ET 5720104 C Rz L i & 5. Kaneda et
al. (2002) (3B B/ FE RIS THGEET ORI A 1170y,
EADMIZ X B2HNOKZ XN 15em s ' Th-722 &
AEWELTWS, N S TS TOMEEHZN 20km
T, ZOMARADEPH15cm-s'OMETIL LU &
WETSEEEETICISHBEE22 5 LRl & h, SR
DREBEOR—H LTS, LEBN-T, TIRBETT
A17H» 54 U2 FREAOHKOEAZ, BHKERS
KB CTORADFEOREIZL > THELZEEZ 6N,
TH1I7THEO G (BEA D) DA oSGEE, Seiit,
K, WAEOZENE, ZFDZEAE K mikimotoi DIRD &
DBEPEIZ DN TRETT 5. TEE TRENEAT 5mKIC
FEELREES S TN COSBIMIEI A H D (R -
1994) , F 72, K. mikimotoi (X T kg D 5EFE1E 4 BHUATRE 7§13
EREEE D ER>Z L (72& 21F, Koizumi et al., 1996)
26 Y, REEBERIIGAKEAN LD 2L LAEAKLDIZ
I PRI L 2R s 2 e R E B & MFIZD
WiE, 7TH1I3-15 HIZB R4 5 0 22T H g 2 JE 5
12D b o 72h (RSO H IS 0.0-0.385[) , 17H
IR A S L C H BERERIE S (RIS D 16-18 HD
HHEBERDIZ 3.9-11.105/) LTk (RBEHIELY
A — 2009), 17 HLIEDIE S 5 K. mikimotoi DIGHEIZ & -
THFE LW I h - e ik ehb. 22T, 7
H 17 HE DO AW, ¥ DZEAL & K. mikimotoi D BEHEEIE D
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Figure 5. Vertical transects of water temperature, salinity, sigma-t and chlorophyll a from stations 1 to 6, observed on
6 (a), 8 (b), 18 (c¢) and 19 (d) July 2007. Panels from the top to the bottom are for T: Temperature (°C), S: Salinity,

o,: Density, and Chl-a (ug-I™"), respectively.
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Figure 6. T-S diagram showing data collected at station 5, on 6
and 18 July. Open circles and solid squares show the data
collected on 6 and 18 July, respectively. Data are plotted
every 5 m from the sea surface to the sea bottom.

Month / Date (2007)

=

60—

Figure 7. Fluctuations in water temperature at station U. Seawa-
ter at temperatures of 17.5°C or less are colored grey. Data
were calculated using a 25-h running mean.
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Figure 8. Vertical transects of water temperature, salinity and
sigma-t from stations ES to E28, observed on 18 and 19 July
2007.
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Figure 9. Fluctuations in cell density of Karenia mikimotoi at
the sea surface (solid circles) and water temperature at a
depth of 5 m (open triangles) in Kitanada Bay.
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