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Abundance and Distribution of Cysts of the Noxious Red Tide Flagellate Heterosigma akashiwo
(Raphidophyceae) in Bottom Sediments of Ariake Sea, Yatsushiro Sea and Kagoshima Bay,
West and South Coastal Seas of Kyushu, Japan

Ichiro IMaI”, Ayumi Okupa®, Shigeru ITAKURA® and Mineo YAMAGUCHI

Abstract

The fish-killing flagellate Heterosigma akashiwo (Raphidophyceae) has a cyst stage in the life cycle. The cysts play an
important role functioning as resistant cells to survive adverse environments. They also play a key role in initiating red tides in
early summer in temperate coastal waters. Abundance and distribution of viable H. akashiwo cysts possessing germination abil-
ity in bottom sediments were investigated in Ariake Sea, Yatsushiro Sea, and Kagoshima Bay, west and south coast of Kyushu,
Japan. Viable cysts showing germination ability were enumerated with the extinction dilution method (most probable number
method) using surface sediment samples (top 3-cm depth) collected in June 2003. In Ariake Sea, H. akashiwo cyst density
ranged from 244 to 11,613 (mean, 2,240) MPN cm* (wet sediment), and from 242 to 10744 (mean, 1,719) MPN cm* (wet sedi-
ment) in Yatsushiro Sea, and from 238 to 2,244 (mean 782) MPN cm™ (wet sediment) in Kagoshima Bay, respectively. Abun-
dant points were detected in the areas of /. akashiwo red tide occurrences.  Cyst densities have no significant relationships with
mud contents (%) in Ariake Sea and Yatsushiro Sea, but cysts tended to be abundant at the points with high mud contents in
Kagoshima Bay. The information of cyst densities should be effectively utilized together with the results of monitoring of vege-
tative cells and bottom water temperature affecting the germination of cysts in red-tide occurring areas.

Key words : Red tide, Heterosigma akashiwo, Cyst, Ariake Sea, Yatsushiro Sea, Kagoshima Bay, Bottom sediment, MPN
method
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2001), HAB (ZIKIZIRRZHEIZ4 DD 5 A TIZHAL S
Nb, $hbb, 1) ERWICEETHLPEHEEIIR -
TR ORZELXGISEI L, ANHOBEIEL
BlXEITAERETV— 2, 2) HEOMBBHNICEE T
% BEAVERER O W & il U CRAFEICER S Ui
P NSRS EE 52 2 /8B 7V — 4, 3) A
TIETH 205 L CARNMEHICBRRE R §AF
TR, 4) ST AMT b B BRI BT L C Rk o2
A HE LR LIS OME KT S5 Bk,
DED45THD (G5, 2000,

Z 7 4 KD 11 T3 % Heterosigma akashiwo (Hada)
Hada ex. Hara et Chihara 1%, FRASE DR EIIZ B W CEEH
IS RRIFERELY 5 2 2 RED OREN LD 1
DT % (Hara and Chihara, 1987), H. akashiwo | X % 731,
BRELL 2NBCHE 2R OICIZIREED L ) 1I0H
HINE L K ZEHET 2 DODK E LI TH 5 (K, 1989 ; Ita-
kura et al,, 1996a ; Li and Smayda, 2000), &A= b B 2~
i~ L L <, £ K OEIOIRFITIC BV THRE
PHER SN T B, HEFFCIHERICILR R K, RO
FEICBWTRRRBIOY FHE IS R et EY 52 C
B (Taylor and Haigh, 1993 ; Smayda, 1998 ; Rensel et al.,
2010; 43, 2013), FAECIZEIEBEBERLEBIZBW
THEB7TI)ICHERZERBEENEL TS HTHDS,
1999 ; 43, 2013),

H. akashiwo D% AZMINL I HAIRYET, |lim L 2555 3k
Co BRI D 7RI X o TP 5 (Hara and
Chihara, 1987), HE5EAYI] A2 IR EEHIFHIL 10~30°C TH D,
BT O e # R 13 18~26°C T3 % (Watanabe et al., 1982 ;
JoFE, 19845 1AL, 2006), JREE 7°C Tld4as B L 7
VAT (HE, 1984), AFEDIKI 5.8°C TH RKIKE THEA
FEFE STV 5 (Yamochi, 1984), AL A 5 O H T A
Ml THLHY A ORI ZR->THY, LKEEOHRE]R
Mo, JEEEREY DN TIZERE (. 8~12 pm) O
VA NPER SN TS (Imai et al, 1993), ¥ A b Ofid
R~ TE Y A ME4~11 HOERE L, F701
DT A b5 L EOMIIEOSEIEHSFER SN TV A (Imai
etal, 1993), ¥ A MIBFEDOEALITH LTI 5T
&AL, MOGABOIEKR, A#RERE T TOAEKRD,
7% 6 N A — SIS BT D R LSET 5 70—
LOMHEE, $ 75 “seed population” & | CEEE 7 1%
FRI2TEEZ 5N TV A (Fukuyo, 2003 ; Imai, 2003), H.
akashiwo @ ¥ A ML JE 5°C TR IEEHERO 5 1T,
10°C THFITEFE L, 15°C LLETIHERICHKET L L3
U 54T % (Imai and Ttakura, 1999), §if - T, JEJE K
15°C 7%, WD ¥ A b OFEFOEFEAIZHE ) AREFEA D
VBRI BIT S, 1 DOFR R B 5 LIRESNT
V2% (Imai and Itakura, 1999 ; Tmai, 2003), ¥ 72, JEEKIEAS
15°CIET 2 MEITHRBPFEZEL TV LREHTHY, £
J& TIEAKIRAT18°C B B WIZZFNLLIGEL TWA 70,
KA ORI & o TERBIIITF#E LB Th 5 (R,

1989),

H. akashiwo 13475123 AR SRR S LT v

5% (FHE, 1989 ; Imai and Itakura, 1999), ¥ |2 1F AR
HANE L < BT 2RO IRE D 728 @ “seed population”
ELTHE, YAMOBEEDPRKEVEEZEZ NS, LFED
WEL - ALz - AWFENFEERIC LY, REMEOIRET
DOBAIAEFIZBNTYA FAOFE T KELZITh L
EZ o, TOREBRLBOMBKEEY A AP EIZL - T
KRELERDETFHEEND, —HTY A MILFORE
OBERBIEFMIC L > THEEELIRE ST R\ 20,
MR~ B U 2 RS T T A b DSBS S8
L, H. akashiwo 3% DRI TR 2 S8R %=
W5 EHEEND, ZOL) REHICLY, ThEEE
OEHIEICHBAIE LS R#l 2T 5 LE2 6N 5
(55, 2000 ; Imai, 2003),
SRR, HAHVIZHIL
BN — v OFE M U T, BRI BT 2 H5 -
HETT 27 b OFEOERES, FROEBIEN %7V —
LEEA O RS & SIS 5 2 £ AST & 4 (Anderson et al.,
19825 I 5, 1995; /N5, 1998), AR OO FE A HAE
IR ETPEDO I ODE=F ) v TR ITH 1T,
I B B AW O L A b OBREE & IKER KO
SREM A S 29 5 2 L3O CEERREE W
Zbo T TARMIETIX, AEORFOIEA & &b A
ORKEFEFRWEDIBEREDOH LEELEE, S OITkE4 2k
WAFEE L T A EHEER L O REE R E LT,
e D H. akashiwvo D A s D4R & 7z U &
Y, H. akashiwo 7R O F MR LS4 T AN < T4
WO EELZEFANE Lz, ZLTC, BGIZBIT LR
WOFEL VA N OBRIZOWTERZNR 72,

MBS UHE

AL 2003 4F 6 A 1 H~7 HIZ, FRSATEE AKER
Bt v & — P NEXOKEFEFT OFEM L 55 L
(138 + ) & HWCTIFb Nz, JUNEE DA
g, 3 & OB EEIZR0E L 72 %78 1 (Figs. 1-3) 128 W
T, MERAE 2L 72, 2B, AHEOE N AK21
& AKR KBS AETHCREARTH o 72720,
EEP OSBRI 720 HER ORI IEARMN 2 KK AfE
RERIRZE KRS, 1960) % IV 72725, RS < CTHRIL
AT R 354 121%, SM (Smith-MacIntyre) iR e 25 % H
WTERILL 720 135 NSEJEDOFEIE A 5 3 cm DIEEE R
Y, RERR T I AF v 7 BEICHEH AL, EBICH
V5 F T 10°C OFEEHTICORAE L7zo BU CILIFIIRELC
B, K, SR E L.

WEIEH AFTE T B FEH W HE 7% H. akashiwo D> A~ D
U213, Fig 4 1R EAHE: (MPN 35) % V72 (Imai
etal, 1984 ; 435, 1990 ; Imai and Itakura, 1991), FEIZ
DT oY) T bo FRIRIZHEEHTRA L 72K e stk
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Hayasaki-seto

Fig. 1. Location of the sampling stations in the Ariake Sea.

ECHERL 228 R 15 g ORI R ME I EIEAKIC 0.1 g
mL' 125X BEL, IhE 10" mBERER S L7,
W T, % SWM-3 K5t (Table 1) (Chen et al., 1969 ; Imai
etal, 1996) |2 GeO, & i A% EEAT Img L 127 % X ) Nz
72 OERNTI0REICHRL 720 0% 107" AHUEEIR &
L7z & HIARRIC 10 AR 2 IHRATV, 107 A B

WECIER L 720 78 GeO, 13, PRIEIIML 2> & 55 35/75
i LRI L, IR MR R T B s
Lo THEfA ET 2 (Lewin, 1966), =1L & - CEEHEH
DHIFI S AL, ZORE, 553 LT U7 H akashiwo ¥
WA V), H akashiwo 3 A s O IEME 72 5HEUE D
BB AHERE 10°~10° 0% IEH T M8~ 1

— 9] —
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sa 7L — b @8 ), Iwakift#) |2 Iml$25 7«
JVICHERE L, IR 20°C, SBEREE 100 umol photons m? s™,
HIS ] 14hL-I0hD D4 T TR L7z BRa2fia o 7
~10 HH%, BISZEFESFOEMMEE Nicon, TMD300) % H
WV, BT I VIZOWT YA NS EFE LML H
akashiwo D RFFMILOF DL 21T > 720 LEIZIG L
TikE20 Hix TR 2 fel), #MEBIS2ITo7, H
akashiwo FAEMADFER SN2y 2 V2 BIEE L, &

o 64(3),2014.

Fig.2. Location of the sampling stations in the Yatsushiro Sea.

MEBE DY 2 VEOM AT XY, RAEEER (i -
A, 1987) & b LACHEIRIBTRICTEAT S HFE R H
akashiwo O3 A N ¥ (MPN g {i)g) & 5 L7z KB
AEHZOWT, iR lem® 4720 O A M (MPN em” i
) 1, 145 NI CER O BT O E % 5 U Tk
W7o MEECIRD AT O EId Kamiyama (1996) O /512
fto THIE L7ze 72, HAW 63 um O % v T &
JRIREE A A o L, RAEE (1 63 um LU OR T8
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Fig.3. Location of the sampling stations in the Kagoshima Bay.

ERIZED LEE, TRERO %) 21572 N EEEDIRF53 i % Fig. S 1R L72e SREERIIBITS
53R % BT B H akashivo D A N FEFEL, 244 MPN

4 £ em ({2 72) (AK10)~11,613 MPN cm (i J8) (AK2) O & FH
" iz R L, B 2,240 MPN em (JJ8) T - 7 (Table
1 REE 2. VA NEEOBCHINL, SEINOMEE B0
PATIRE DO H I BT %, WEEIEH O H. akashiwo ¥ A A WL SR O B E A B O DK TR 7z I



Inoculation of 1 mL aliquots
diluted sediment suspensions

10°

107"
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Sediment suspension in filtered seawater
= (100: 0.1g wet sediment mL™")

Serial ten-fold dilution with the modified
SWM-3 medium containing GeO, (1 mg L)

107*
\

into 5 replicate wells

107

Conditions
Incubation temperature: 20°C
Illumination: 100 umol photons m™ sec™
Photocycle: 14h light — 10h dark
Incubation period: 7 — 10 days

Fig.4. Procedure of the extinction dilution method (MPN method) for enumeration of viable Heterosigma akashiwo cysts in sedi-

ments.

Table 1. Composition of the modified SWM-3, an enriched sea-

water medium.

Substance

Substance

NaNO, 2mM
NaH,PO,-2H,0 0.1 mM
Na,SiO;-9H,0  0.2mM

Fe-EDTA 2 uM
Na,EDTA 30 uM
Na,SeOs 2nM
TRIS 500 mg
P-1 metals 10 ml
S-3 vitamins 2 ml

Seawaterupto 1,000 ml

pH 7.7~78

P-1metals (in 10 ml)
H;BO;
MnCl,-4H,0

ZnCl,

CoCl,-6H,O
CuCl,-2H,0

S-3vitamins (in 2 ml)
B,-HCl1
Ca-Pantothenate
Nicotinic acid
p-Aminobenzoic acid
Biotin

Inositol

Folic acid

Thymine

Vitamin By,

1 m mol
3.5%10” m mol
4,0x10” m mol
1.0x10™* m mol
1.0x10" m mol

0.5mg
0.1 mg
0.1 mg
10 pg
g
5mg
2pg

3 mg
lpg

AT % B 72 B 00 PR G BLER 20 & BREEB 12 00T
TiE, ¥ A MEEIL 10° MPN em ((2i8) BLF Ol % 7R
L7zo F72, BEWEREEIE, RE FBOBEIOELET
10° MPN em”® %8 2. A AT 2ste it S 7z DIk, & & b
DEEIIHE L T2 > 726

H. akashiwo O3 A N LR3 & OBFR% Fig. 6 1278
T HHIETIZY A MBEELRSEOMICITE S H5%
R EN Lo 7208 VA NEENSEW 3 EEITRS
FIHT 20% B B\ T Z LY & 27 D KA o 72 PR
W, EELERTEE & A YR TR EE DD o 728 (I
RERY), FO 9 BEHIEHIT O ARBUL RS
Mo 12T A NI - 72

2 s

IR OFSIFRE " 9 5 H. akashiwo D A 557 &
Fig. 71R L7zo SRS OWERTICBIT SV A MR
Ji 1%, 242 MPN em (i {f2) (YKI7)~10,744 MPN em (2 J2)
(YK OFPHOMEZ R L, F3iE 1,719 MPN em ({5 18) &
H S 7z (Table 2), SARUEALHROBLES & o5 > T
BORMTY A NOBEIIE o720 Jilif B &L REARER

— 94 —
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Fig. 5. Distribution of viable H. akashiwo cysts (MPN cm* wet sediment) in sediments (top 3-cm depth) collected in the Ariake Sea

in June 2003.

Table 2. Cyst densities of the noxious raphidophyte Hetero-
sigma akashiwo (MPN cm” wet sediment) in the
bottom sediments collected in Ariake Sea, Yatsushiro
Sea and Kagoshima Bay in June 2003.

Area Minimum Maximum Mean
Ariake Sea 244 11,613 2,240
Yatsushiro Sea 242 10,744 1,719
Kagoshima Bay 238 2,244 782

BB EE S KNT % i S5 5 8 O SO R I T U,
SRE LTV A NOBEIMED > 720
R O R4 2813 6.7% (YK9)~88.8% (YK11) o #ii [,

P13 50.1% T - 72 (IR E %2\ HlIFTH B O Rl
T - 72 DA, 2R AR 73 3R W E I 28
Hotze LHELLEDE, VA NOBELRFEROEGRE
WAL, FEZBRIERE SN A7 (Fig 8).

3 BREE

A AL E KA BT BT O3 B O H
akashiwo > A b O3 Aild Fig. 9 lZ/R L7238 Y) ThH b, VA
N OFAEF X, 238 MPN em ({2 J8) (KS7)~ 2,244 MPN
em ({Eife) (KS21) OFFHTH 1, *F913 782 MPN em *((if2)
Lol (Table2), ¥ A Mg, HEREBEOBEIH»HED
IR 2T T (B L), % 5 TR BKERHET
TR, REBUILOBERIBTIIE W EIA 2R L 72,
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Cyst density (MPN cm wet sediment)

12000 ® £ 12000
£ @
10000 8 10000 -
@] ) O
8000 — P g 8000 —
6000 — S 60004
=2
[a W
40007 = 4000 ~
) o £
2000 o 2 5000 e o o
®e = S &
0 88— ‘% ' 2 oo — P

Mud content (%)

Fig. 6. Relationship between cyst densities of H. akashiwo and
mud contents (%) of sediments collected in the Ariake

Mud content (%)
Fig. 8. Relationship between cyst densities of H. akashiwo and

Sea in June 2003 mud contents (%) of sediments collected in the Yatsushiro
’ Sea in June 2003.

Fig. 7. Distribution of viable H. akashiwo cysts (MPN c¢m™ wet sediment) in sediments (top 3-cm depth) collected in the Yatsushiro
Sea in June 2003.



Cyst density (MPN cm3 wet sediment)

Fig. 9.
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Distribution of viable H. akashiwo cysts (MPN cm* wet sediment) in sediments (top 3-cm depth) collected in the Kagoshima

Bay in June 2003.

FIAE I OPR L 1.6% (KS3)~77.6% (KS21) DT
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BV, FIL454% TH o 720 BOEBRTIREKE T,
BRI RIS CEWEIIZH - 720 BIRBEIZBWT
i, YA MNEEORCE S ORSFIZILFEHICD2 - T
W7o, VA MEEO R\ E S OIRSTERIIA R I
&) MEHEATRS B L7z (Fig. 10)

I | T T
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Mud content (%)

Fig. 10. Relationship between cyst densities of H. akashiwo and
mud contents (%) of sediments collected in the
Kagoshima Bay in June 2003.
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£ =

HIS I BT A 7V — A DFHEKIHE 2 A SO
WA BT A5 2 812k, YANEEERET V-
LEEOBRAEIRITREE 2 5D (5, 1990 ; (LM
5, 1995; /INE 5, 1998), Z 2 °C, AWHME SACHE T
UHRBED 3 DOESIZB W TEL NIRRT O H
akashiwo ¥ X b OO MIBLEY 534 (Figs. 5,7,9) &, £
W2 BT % H. akashiwo DR O 5 AR OKEEFT FLM i
SEPHARETST,  1989-2004) IO WTHIE L EE LA 5o

1 HEHE

HIHHETIE 1988 4£~2003 4 F TOMIZHE 363 Dk
WAL TBY, F0O9H Y H akashiwo |2 X 5RE1X 45

HCh ot HWMEIZBIT S 1988 4 LUED H. akashiwo 12
X B ARE D5 KIS % Fig 11 12K L 720 @12 H.
akashiwo FREIHSFELE L 72500, MR &K e B
JFEEIR O S O3 M 1T T 3T O REAR IR =
WZRRO B, WEICARFEOHREIAFEA L 7 HEI L B &
HLERDIEFIRIC DT> TV Dy VA NDGATISY —
AL TALE, VAN AR & EARE
DI, FRMOISEET & S A N OEBEN IS -
TWBHEEZE)e LOLAEDS, BHEEBEMNT L EIFEL
NEF, EEERKBIOME, &5\ WI3HE R EKARH
HRRERERREH M OKIETIE, RE3ZEL Wi
T A b OFEIT IR E TR S, FAAT R
D6 H_ AL, H akashiwo O3 At O3S IZAH Y 9
LDT, BHFELTYAMNEENRRR/NELL o> TWLT]

Fig. 11.  Occurrence areas of H. akashiwo red tides in the Ariake Sea during the period of 1988 to 2003.
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REMEDLEZ SN D, LLAdS, ERICEHEOMKT
FEH L TWDE YA MIDOEE TS &) TR,
BSiRAORBRICE VI N T b 2 & 25 (Imai and
Itakura, 1998), MOZERDFHEEL T2 LE 2 Hilh,

BAHBICB W TCUIHFEBETHFHES L S, 1997 FFI12
EHFE A RETT 2 RRR M TR PR SN2, £
DGR, (1) KEFERROTER L B O, (2) B (3]
fr, G, G OZAL GRIIEOWA), (3) ARE o8
@ BEFAKIOIE, 5) 747X 7V ) Eowmd, 1w
BAR, BXUOHHOEE, (6) #HFEEOREDZAL
Kb & ONFROHER) & IEAEY O %EDS, K&k
BREZLE LTEL TS LV ERF L SINTWD
(R, 2003 ; FEFAR, 2005; FHAR - 4K, 2007), H1T
b IR O FE B L OWEIIE L v LR S LTw
% (FARR, 2003 ; 35, 2005), F 7oA HHERLIZBNWTE
FOEMFKDOFEAIBIIAL TEBY, i RAWIcE
N BEEEE NATTI s, ZOBRBREKBOE
KHABALIZEELMETSH S (KL H, 2003; 3 5,
2007 ; A S, 2014), AREIR° HE O FKFE % & Ty 7
T P AAIBWT, ERFERAMEORE I Z A
FETZEL L TH ZOAEERRIEHF IERE L 5 2 55D
HENTHY GEBE - FH, 1984; Anderson et al., 1987 ;
Montani et al., 1995 ; Shikata et al., 2007), H. akashiwo T & %
MUIBIALTIE 2w (RFE 1989), ZDHEEZEBT 5 7% 513,
MBI DZE L TREIZY A DA S B 14t
MENTY, TOBROEFIZERZED 5V IZERFEOBR
B LA 5, ERRBHFO Y A MK &
THEGERECOAFEZRERSEN, WAL, oW
BB T 2 DEEZ SN,

Fig. 6 IR EN/2BRIS, BHIEICBW T A FOEEE
REANE, ROEOE VTR CROSEROE TS
Ml &7z IKBEIZBWTIE, H akashivo ¥ A b D
B T M ST X IR FE SR & v ) iR SR S
T\ % (Imai and Ttakura, 1991), % 72, 7 7S HEE 5 Alex-
andrium RHET 7 14 Vi Chattonella D A b DFAGIZH
WL, ol 2 KL L AR OZ B 2 A M AYRTH
Mo, BGLROEWEFTTY A b OBEEILEWEN S
% &L 5TV (White and Lewis, 1982 ; 43, 1990),
HHEIZBWTE, SOX) BV A MOGAICET S —
ety 78y — 2 ER Y, RFROENET T R
oy A N OBEIED o 720 IR RO BT LT
FEDOFEAVNE L, KILAMEG LS ME DD 5 2 &
Mo, AR Z O X9 KT ICARE R LY
B GBS, 2007; RIS, 2014), —TROEOE N
Wipmi, AT b Bl RfbII > A M 2
SNLHPFATH - DD EHEE SN D, 1T, BEEFR
S OBEEEN 2 T IE, HMEOBE T H. akashiwo @
TREFSERIE D S E 2 B &, ¥ A M XY IR#HFE O
OHERIZ L ) BEEICEREIND L PS5,

H. akashiwo 1%, FREIHRINZ/INELL U 728088 28 A 3

THYEY M S L, AT A M RTET %
(Imai et al., 1993 ; Itakura et al., 1996b), A HAHED LKL
HBHRNOT, KEOREMITIIES IS A MEED
TOIERICERETE % & E 2 bbb, H. akashiwo ¥ A
FNORMOWMEY DGR E Z 5% HIL, —EFEKIZH
ELUBEOK T IETIUL, YA MIBEICEESL S
EDBEHIITEDLEEZOND, 20X RMAED, A
WHilED Y A s ORAi/8 Y — » TIREET HLEN DS 9.

S5, AWM CIXEEE LS BEEEMEYF T
LMNDPFELTBY, RERD H akashiwo 13 Z DFEiL
IZES>THTF LDV A MR SN L RS
N, FEBRICEFELEEIRWVICHERN S A NEEOEVETY
FR8 BTz (Fig. 5)o

2 e

JURHET IS 1988-2003 SE DRI HE 167 {77 5E
HELTBY, HEMWETERE Cchlodinium polykrikoides X2 7
7 4 N Chattonella spp. |2 & %R K5 HA O KEEEL
BeEE LD DL 0o 72 (53, 2014), SMEHETOR
ZS A BUSTAERIN L CB Y, H akashiwo |2 X % 7R
DFHEE D BEIEIZH 5o S RHEIZ BT 5 2 ORI
D H. akashiwo 7R D FEA 57T % Fig. 12 17K L 720 #2512 H.
akashiwo |2 & BRGNS GELE L7285t & ¥ A b DK 72
GATNY — L BB L CTAh L L, ALERO RIS 1
Bl SHETO Y A N OEEEEIX, #F\2 H. akashiwo
WREADHEZ 5 72T & —FH LT b 2 e 5. SR
DACHIEREN AR A L, RIEEOKRE LRI E 72 o
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Fig. 12.  Occurrence areas of H. akashiwo red tides in the Yatsushiro Sea during the period of 1988 to 2003.
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Fig. 13.  Occurrence areas of H. akashiwo red tides in the Kago-
shima Bay during the period of 1988 to 2003.
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