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A red tide of noxious unarmored dinoflagellate Karenia mikimotoi (Miyake & Kominami ex Oda) Hansen & . Moestrup occurred in the
Imari Bay in July—August 2012. The maximum density of K. mikimotoi reached 15,000 cells mL"' with water temperature of 28.4°C. The
red tide caused mass mortalities of cultured tiger puffer Takifugu rubripes, with loss of more than 92 million yen. In order to identify the
particular cause of the red tide and huge fisheries damage, time series data of temperature, salinity, wind and cell density of K. mikimotoi
were analyzed. These data of environmental condition suggest that the mass mortality of tiger puffer was caused by exposure to the dense

bloom of K. mikimotoi and environmental stress of sudden water temperature change (ca. 3°C).
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e o W WE B ¥ Karenia mikimotoi (Miyake &
Kominami ex Oda) G. Hansen & @. Moestrup IZ & % 7%
WL 1965 FICRIFERMNBCHRAEL, ANHEOBIZL S
7 M oMEREEZ B L2 (R - ATL 1966, i - A
1. 1972), K. mikimotoi %, Z O VEH AR R
ZHDICEFELTED, 2012 FFITIFBBIKIE R £ DV HAL
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RELRBFEL %> T0D, KBTI EEETIRERLAT 1982
- 2015, MSZATBOE NKERA I v & — - W X
IKEEWFZERT 1999 — 2015, 7K 7 F7 WU N ¥ i 3 3 2 = s e
2000), K. mikimotoi DFRMNZIAEIC HBLT 2 A2/ 6 1

(Bl Z 1 E/ANVR S 1994, =S 2005), 2012 FEE I
HEICOHBL, ~7 77 (Takifugu rubripes) ZF#5ifi
I 9,200 5T (EEE 5 #96,000 5, Rl 3,187
JiH) DOEYEE KIF L7 (RIFRBG/KERBY 2013,
Pl S 2013), ZORMDH B, EEEEBIZET AR
DTS (2013) Wi I N TwW3, AL TIE, 2012
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Fig. 1. Monitoring stations ( @ ; Nagasaki Pref., A ; Saga Pref.) in Imari Bay, western Kyushu, Japan. Areas separated by dotted lines indicate important
areas for tiger puffer culture, western coast of Saga Pref. (A), Fukushima Is. northern coast (B), Takashima Is. southern coast (C), Takashima Is. east bank (D),

Fukushima Is. southern coast (E) and Fukushima Is. east bank (F).
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Fig. 2. Temporal changes in cell density of Karenia mikimotoi during 14-27
July 2012. Closed circles indicate maximum cell densities at A area, closed
triangles at B area, open squares at C area, open circles at D area and crosses
at E area, respectively.

BRAOBMRSGICHREL 2 12E5 (B, C, D, EiffiR)
T20124E7 H 17 -27 HoEMIcfT -7 (Fig. 1), KX
H e o IciZIEEH, M4 05-1, 5, 10 mED»S
FEHL, AMRHE (5FFiraR s fE i SY-H UEeK fa 7K
wE) & K. mikimotoi Wkl (cells mL") D %1T-
7o EER R (C) ol M (St.2) TiE, AKE2m
JEICRRIE L 72 2 ') —RBERSRE (74 7 F A fh#ls
AL ED Jr. TR-511) T 20 730 KiE%Z#EHGMRL 72, K.
mikimotoi FREDFEANRDLE T+ 5 7 7 DEFRICBI D 5 BR
BREE BRI T 210h 2D, RIFREILKESS KIFEL v
Y — B L OEE R KRR v ¥ —I12 & 2 AEBG R

TRoNIT =y O—f ML 72 (RiEEEGKERBRYS
2013, EEBEXMEKERE R v 5 — 2014), 8 G
FICB T 2 EEHEFEE (F) o St. 1 8 XOEEEREE (A)
DSt.3ZEL 3T, THO6-2THDM, 1-3HIZ1H
DORETI - 13FIfFo N (0-1m), 2, 5, 10m,
MEEE E 1 m (B - 1 m) @Kl &y o BLME (%I HAKEEE,
YSI #:# MODEL 600XLM) & K. mikimotoi i ki /il %
J€ (cells mL") 2L 7, AR5 7 X5 AMHEOHA
afREN R, ELOEE ORI REICE T 2 M7 —5 B &
O T G IS 3 1) 2 ) - Gk 7 — & 2 L 72,
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Karenia mikimotoi 73D FEAIRDL & fEREH

K. mikimotoi 13 2012 47 H 12 -8 H 9 HO MK (29 H
M) e e BIFo 2 R 2 i ekl Z I L, Fig.
Lo RigEERomEIL RS (B), BEMEE (O,
EEHEE (D) <&, 7 A 17 - 23 HIicE#HEALL 72 (Figs 2,
3). K. mikimotoi DEVKMIAEE (LT HEE) O Rl D
A 24t % Fig. 212, 7 H 16 — 23 HD K. mikimotoi % £
DIKNI3 A ZEAY % Fig. 3123 L7, K. mikimotoi D%
KB, BRI (A) TR THISHE 6 HIZZNZEhN
3,780 & 104,200 cells mL", At (B) <Tix7 A 17
H& 18 HicZznFi 7,750 & 2,980 cells mL-!, & &R
(C) TI1x7H 19 HIz13,000 cells mL! 23R I 1z, #
D%, K. mikimotoi B EEVEREE (A) TIX7H21H
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Fig. 3. Spatio-temporal variation of the maximum cell density of Karenia mikimotoi, in July 2012.
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Fig. 4. Vertical distribution of cell density in Karenia mikimotoi (A) and
salinity (B) at St. 1 from 6 to 15 July, 2012.

E22 HIZZNZ41 64,000 & 13,000 cells mL-, J&5HE
W (D) Tik7H22HE23HICZNF 44,340 & 15,300
cells mL" EH#ERE L 7= (Figs 2, 3), 2,000 cells mL-' DA EC
DHBEPHERINZDIROTNLKE2 m R THo%, &
EfEE (E) T3 2,000 cells mL! 2#2 % K. mikimotoi
DOHBLIHER S k2o 72 (Fig. 2). K. mikimotoi D
ZREE, 7 H 23 HE T 10,000 cells mL! ##8 2 T\27223,
7 H 24 Hiz 3,500 cells mL, 7 H 25 HBAEIEX 1,000 cells
mL IR &Y, 8 A9 HISHKREIZMIKL 7.

Z ORI &) BRI R T3 7 A 19-22 A DI #5E
N7 OIS TR LT, T 7 7 0%IETH 19 H
ISR (C) offirisde (%) 13,000 cells mL?!) T
W12 778, #ER (SR / #iEE x100) 1359 60%,
7H22 HicEEHE R (D) o/hiilide (%5 4,340 cells
mL") T3 TR (BERNI%) Th-ot,

Karenia mikimotoi % & L i 5y DENE DR

K. mikimotoi ##lH3 7 H 12 Az A L - mEREE (F)
D FEETAEETHT RS HESE & 7 H 16 HiZ 100,000 cells mL! %
A 2 EBES DR I N ALE PRI (A) DE RIS
DOHRRNCALE T 2R (F) oFREs% (Fig. 1, St. 1)
BT % K. mikimotoi %% L5 DERES A% Fig. 4 12 L
7o TH6-15 HOW S OHMIIFRET172-302, 2 mfE
T224-315, g (5-10m) T315-328 TH-7%, K.
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Fig. 5. Temporal changes in water temperature at St. 2 and St. 3 at 2 m depth
from July 17 to 24, 2012. Broken line indicates 25-hour moving average.

FEEoRE R, 7H 14 HicizEE (1 m) 4,670 cells
mLYEL 223, BHO 7 H 15 FICIZEE KB ERR X
Nl ok, K. mikimotoi D3R CEEENM LT H 14
HEHBEBHEINE» o TH IS HOEE 2 m BoE Y
FZNFN195-268 £ 172-224 TH-o7-, St. 1 DALl
ICHLE T 2R REE (A) oFEBEETo7THI4HE 15
HoEE 2mBEOMTIZ, #2NnZFn233-283¢E224-
228 Thote, 7z, St. 1 OMENHIE T 2 G TO
7H 14 HoFEkE 2 m o513 17.0-254 THh o7z,

i ZAL

N7 7 7 ORISR S Nt HiH 0 M35 128 W St
2 & St. 3 oK% % Fig. S5IcR L7, St. 2 TIE7TH 17
H (10#) ©24.6°C»57H18H (16 H) 1227.7°C~
E31°CERL, 7TH19HOKEETo 8 RHix 27°C ML I
THR L, 20%, THI9H (17%) 1£248°C~L29
CCIETL, ¥ 3 HRIC 3° C 02K T2l
ARINT, ZD%, St. 2 TlEEMARKIEZEIZZL, TH
19-23 HiTIdKIfEW 2 2hic BAR L7, —7, St.3D2
mETIE 7 H 17 -23 HIZKIRIZRZ IS ER L7208, &
KIRZACIIHERR S N s Do 7,

BEOHIC B KR LRy DR

FNFER (IR 2006) 12X 2 %Ki - Eastics i3
K. mikimotoi O HHRGRIE L, FEME I K. mikimotoi
31,000 cells mL' DA EHBLL 2Bkl - H5fid % Fig. 6
IR L7z, K. mikimotoi % 1,000 cells mL!' DL EHB L 72
Rrp K% 23.4-28.1°C, ¥5751x220-31.7ThHYH, It
BRI LS 0.50 day! DLk & 72 2 KR - S St ic—3 L 7=,
¥7-, K. mikimotoi 510,000 cells mL! DA EHBA L 72K
KiIE 254 -264°C, i3 23.7-302THY, Hhgs
LAY 0.55 day! DL B &2 KR - M Setic—3 L 7=,
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WFcE T2 7HI2H-8 H9 HoM/kE & HIBKRR O
REHZ L Z M E & BICFig. 7W0R L, BAkEIZTH
13-15Ho 3 HIICEF 191 mm & F4EE D 5.5 f50 Kz
MM Ho7h, Z20HTHI16 H-8 H9 HE TIdil24.5
mm (H¥¥ 1.0 mm) &4 7% o7, HEFRHEZ, 7H 12
- 22 HiZiE, VHEEZ NE S 2 E8%ro703, 7TH23 H-
8 H 9 Ho¥E¥fEIx 102 KsffiiTd b, R OFEEFEE o
6.1 Rl K& kRl>7-, Fig.81c7H11-22H (A), 7
H18-19H (B), 7H21-22H (C) oikEHEIcE T
LNt E R LTz, THI8-19H, 7H21-22 HiZXK
ez, B (9-17K) oItz T EERRIC
EIE LTz, Fig. 91c7 A 13 -23 HOERICEITS
A - WEOZELE R L2, TH14-16 Ho 3 HIEICEE
P S A D O (HER KRG 5.1 — 8.9 m s, HE- EGHE 2.1
—42 m ') EWRLA, 7THI17-18 HicixIbih & frd
HEFY DA (HiERAE# 3.5-62m s, H P E# 1.3 -2.8
ms!) ko, THI19-22 HD 4 HEITIZTHE, H&%E
e L CHmME» SO —EH DR (KR 2.9 -4.8
m s, FHEE 1.3 -3.0ms!) 237z,

E8
BEFEHG E I T D Karenia mikimotoi 77D IR

i % Karenia mikimotoi 318 5 EIE (F) O KM
BXOBE R T6 B 25 HIcWR (RE%EE, 36 cells
mL) i, MEEIcH 5 7 H 12 - 14 Ao BRI RE
UKZEO-1m) TEEERP (11,840 — 17,850 cells mL")
L7 (PEILS 2013, R B XHEKERB Y V& —
2014), Z oMk, St. 1 T, K. mikimotoi |3 & CH5H
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Fig. 6. Relationship among water temperature, salinity and cell density
(>1,000 cells mL™") of Karenia mikimotoi during 15-23 July 2012. Broken
lines indicate contour lines of specific growth rates of Karenia mikimotoi in
0.50 and 0.55 day™ at each temperature and salinity (Yamatogi 2006).

L7-BicETEmEELL T\ 7z, K. mikimotoi 1%, 1,000
cells mL!'BREFTIZS5-10 m OFfEIS5MHT 525 1,000
—10,000 cells mL' 27 % &, BEOIAHKEIZO -2 mJE
Z 32 N TIEEHAB LD REINTED (Honjo
et al. 1990, TIN5 1995), HHTHIEBIZE VT H EBED FR ]
FEAEMP AW 72 2 EDHER I N,

7H15-24 Hicix, #EEERER (A), mElRE (B),
&R FE (C) D0-2mETHEEE S (2,000 cells
mL' DL ) DHER I N (RIEERAGKERNEY 2013,
Pl s 2013), 7H 13 -15HI121Z 191 mm & K& D K
Bhb, St. 1DREMEE S (172-296) L 72, K.
mikimotoi (%357 16-36 THHE T & 2[5 77 B 0 $ iRy 14
ZHLTEY, BRRSEMA (25-30°C) Tz oRilthE
FILh 2L oREDH 5 (LK 2006), MAT, FWIKICHE
B (F) oRE»EH#EE/l (DIN; 20 uM, PO4-P;
1 M) LTxH (B 2013), K. mikimotoi BT -
MEB(EED0.58 -0.78 uM, YV >230.14 -0.15 M) (1L
M 1994) # K& E->Twi, $4bb, K. mikimotoi
BEBRER (F) T7HI12-14 Hi, EES CHEEER
FEAKPICEHBEESML T Lich 2, MEHEE (F)
IO W EEEFR (A) BTk, K. mikimotoi
ZEEIZ 7T H14 H1i12204 cells mL!'ThH o725, 7TH15H
12 3,780 cells mL-, 7 A 16 H 12 104,200 cells mL! & &
B 7 (EREXZHEKERMY ¥ — 2014), ZoAk%
FEoRENNE, HEMHEREICIRE T2 & 22.6 day! 4D, #E
B TS N7 K. mikimotoi D K HIEHEHE 0.58 day!
(L% 2006) %2 0.73 day! (1L - AH5% 1989) X0 & IEH,
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Fig. 7. Temporal changes of the daily rainfall (A) and sunshine hours (B) at
Matsuura from 12 July to 9 August, 2012 (closed bars) and the average value
during 1991-2011 (open bars).
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Fig. 8. Temporal changes in tide level at Kariya, from 11 to 22 July 2012 (A). Enlarged tide level variations are shown during 18-19 July (B) and 21-22 July (C).
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JTORKBEN (12 R8) PHERINESMER (C) T
ANEOBIZR I TRAND D 25T cells mL!' (M5
2006) #=it8 % % 13,000 cells mL-!' D& E /KBS HEL L
7zo K. mikimotoi \ZHESEMRE T I EPHILNTED
(Koizumi et al. 1996), #4229 — 17 RpifTo AP EICE
WTH K. mikimotoi S EEKMII L CHER SN, TH
18 — 19 H o Z DR o M 1% T & S niss & 131F—
LTk, TR EEIREE (B) » 5 EER
IR (C) id ) 2 EPMEI N T 0D (KRR KRR
%5 1956, EIFE/KFEFIFTS 1995, #iAK - PAM 2008, &
K& 2010), F7z, FIEAHS3 -5 m s B E TR, JA
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LU CRIE 2 EET 2 L xns (FH - EH 1982), <
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o Bl mm & R 2 L 2 RetEs s 5, 7 H 20 -
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Fig. 9. Temporal changes in wind vector at Matsuura from 13 to 23, July 2012.

K PERERYS 1956, RIRE/KPERMFEHS 1995, AR - M4
H 2008), L7235 C, Hll¥iE & WORFIC & - THE% B K
W7 A 22 HIZ T E M T oES R RS (D) (4,340 cells
mL!Y) KB EN, FI 770 B TR ICHEEE X
7HlBEME DS D B, REIFHE R O L3713 23.4-28.1°C
£220-317CThHbH, HIHEESH 0.50 day! DL = (LK
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7 H 24 HU%, K. mikimotoi %A L, 8 H9 HITHK
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HADBBBMHER SN TS (PEILS 2013), /R TIE,
HiH L B OB EOMRIZZHICEI Y, REoHitE
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MLzt oWmEnds (FMHS 2010), FAH L 722
TD K. mikimotoi D&% X, 7 H 23 HZ TiZ 10,000
cells mL! ## 2 T\w7223, 7 H 24 Hiz 3,500 cells mL,
7 H 25 HLR%IZ 1,000 cells mL' L FICETLTED,
NBEBLRTVEREICH> - EHEE I NS, K. mikimotoi
DI, BKERPDEVIRET, REOHAMETH
ZEERENEVCHRZZI T L 7 2 LML Tk
Zzo6h 35,
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W (D) ~EBFBLALLHEIN, ZORMOBELBED
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HiEE
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