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Relationships between Dynamics of Chattonella Red Tides and Hypoxias
and Environmental Factors in the Ariake Sea off Saga Prefecture (2009-2011)

Tadashi Marsusara and Toshio Suuro

To examine the relationships between dynamics of Chattonella red tides and hypoxias and environmental

factors in the Ariake Sea off Saga Prefecture, we investigated the dynamics of phytoplankton, dissolved

oxygen, water temperature, salinity and nutrients and also obtained meteorological data for Saga City from

Meteorological Agency during June to September from 2009 to 2011. We found that : 1) In the year 2009 and

2010 which Chattonella red tide occurred, densities of diatoms were low during mid-June to early July that

was the period considered to be early growth stage of Chattonella spp. ; 2) North wind, dense diatoms and

heavy weather such as heavy rain fall and typhoon contributed to the decline of Chattonella red tide ; 3)

Hypoxias caused by water column stratification induced by the flood did not decay even in the spring tide

unless vertical mixing was induced by north wind or typhoon ; 4) Hypoxias had developed after the

termination of red tides of raphidophyte such as Chattonella spp. and Heterosigma akashiwo.

ik L ® I

HETT 7 b r®D Chattonella J&\Z & 7% (LI,
Chattonella 778 13, HAEMNTIE 1969 4EI2)L BB T
Mo THERR S 72V, 1987 4£ 8 £ TR Chattonella 77
DF72 5 FAEMETI TR TH D), MEEmE A
MR ELRFTISH T Lz FFIC 1972 SO 3F
THHA: L7z Chattonella 771 1,428 TTR b DFEE N~
F RIS, BT RMIC S =R OERE L 5.
272V 1980 R4 LARE, AR ANRIET D Chat-
tonella FRWIDHAZET H L 1270, A R L
TR MAE L PLOICHEREELT ISR LTV
523, 72 Chattonella R8I EHIEIC B\ CAREE
KL% G & SHEMOMIGH L 7> T b Z L5t
fEhTwaY, BmFKIIE, ARICBT 2 EEMO
TR D BRRTH B DS EATER R ORI IC X B BREA
% b2 ETHRET D, BRRROERIIEE > T
WS, — RIS EAAEEE S 2~3mg/L (Fafl ¥ Tl
30~40%) LLF CHAMOEBLHEEIZZR 2D T, Ok
FELNF VB RS L HE N 2 . BMFKIEHENE,
BB, TUME, KRB CENOZ C ONBTH 34 L

TBY, EEROKEGFICESEL RIZT I &k Eh
5, 1970 4EAA & 1980 4FAIZ AT TR TR E 742 1
7287 — )5, AL & 2 SREIR A DA &
$, BEEFAIUAIFE L 2viliE LTHLRTHY,
AW Y C ARSI MR T 5 L) 12k o7
BEIESEA Tl 2 7s, 1980 4EFE DI % 1997 4 LU
LT BIREDD Do 2000 AT LIRS X T A9 7 A
PTOND L% DY, BED L) ICEBRFEAIMDT
DR STV Ao

Chattonella FR#1 8 & CBREFABEASAE L 72 #EE T
U 2 SR EDVE U S TTREMDS S 0, BeER 072
OIIZZ S OFSHIRI 2 FN RS 2 2 L PSRET
B Do AR S TIX 2009 4E DL, A A H
THLHNAY DM % LI, FFRIRE A
REML TV %0 AT 2000 £ 5 2011 4EI2 BT 5
Chattonella FR# B & CEEEFAKILOBIRE & Z DO
TR & OBIRIZ OV THRET 2.0

7 P>

2009 4205 2011 4RI B1F % 6 A5 9 H i, Fig.
LR I s 81T % 18588 (St.a, b, ¢



58

Ogi
City N

Saga
Rokkaku R. M City
Hayatsue R.
. SV
4

Shirosihi Town

3
L)
°
., 2
°
1
Kashima
City
®s
c
Tara Town 5km

Fig.1 Location of the sampling stations in Ariake Sea off
Saga Prefecture.

WERE DO DR E S, 2011 SEOAFENE) <, JEHI
ELTCHEIZIE (9 AR, ERmmais 2 B
DA TIT o720 SRAKEIIFEL L VERE (KL
Im) & L, REIER) N7 YT BRIk BESHL
1) I— B 5EIROKE) THAK L7,

FRATHE (IR 7T~ 2 b AL (St L, 2, 3, 5, 8,
12, 15, 17, 18D 9 iDEBDOH), DO (AT
BE), JKim, ¥sr, DIN (AfFReik=k), POsP (V) >~
FEiEY) >), SiO2-Si (X A BRHET 41 %) L L7z, W~
T 27 b ZRIEEIK 500 1 1 R B L Ol E A
FHRA T A K7 T A (GRS FL3aAatt, S6117)
% FWCIEN ST (Nikon #1:, ECLIPSE E600) T
WigE U720 KEETIX, Chattonella )& (C. antiqua + C.
marina), Chattonella J{EFR UL HFET 714 FETH
% Heterosigma akashiwo, Chattonella J&DwEEWT
B BLEEHFEHNDOWTEM L 72, DO XV A~ 7 T =1k
L0 WIE L7ze AKIRIGFRAN F BRI CLOKENRE
FHC XD ME L, M3 SR TR IR (B RURSHE
#, Digital SalinometerE-202) % F\Cilll%E L7z, &7
KAEHIT A — T+ T 14— (BL TEC, QuAAtro
2-HR) 12X Wl L7z F72, KRETRGMAHERA—
2~ — 3 (http://www.jma. go.jp/jma/menu/report.
html) OEELRREOTERT =5 LTI 7Z,

1. Chattonella FEHDFEEZR
Fig. 2-1, 2122009 4£8 X O° 2010 4£0 Chattonella J&
DACEIAT ORERFEALZ TR T 2 2T, FRRERASE,
KRE L IIBORETH LN 2T — & LI TORT,
2009 4E, Chattonella J&1% 6 H 23 H1Z St. 5, 17 LAt
D5E T 1~2cells/ml OMBEETHR S N2 €D
%, 7TH 14 HE T3 1~21 cells/ml & REETH > 7228,
7 H 22 H1Zid 48T 145~2,550 cells/ml & 3L TH
D, St.1, 3, 15, 17 OUEs A LRI TR AERE S
N7ze BHO 7 H 23 H F CILBCHREIAHER SN2,
7H 271 HIZEAREIRATC 2 ), St 1, 2 &2BE<IEE
I CHINIRERE SN D o720 7TH 29 HIZIEFHES
3T 6~3,000 cells/ml THfASIERR S L7z 0D, ARl
St 1 & 18 DHDWHE T OAMER S Nz ZDTE, R
WL 8 H 13 H F Tkl L 7228, FI1Z St. 15 LR O s
IZEEEDRINELDTH o720 ZO—EHDOHRHD
#E% 8 H 18 H»5 8 H 27 HE Tid 1~38cells/ml
CIRBEETH 57205 9 H 4 HIZIE St 2 FHED#E T
1,155 cells/ml (0.5m J&) & HOARMDBATGCIE
HoHMERSN, 9A 13 H (Fig 2-1 IZIXKLH) T
Wi U720 2009 £ Chattonella 77O e N #H 1L
—EEH OB % 3,830 cells/ml TH-o7z (8 7 11
H, St.12f5EDADIHAED 728 Fig. 2-1 |ZIERFCH) o
2010 4E, Chattonella J&1% 6 A 11 HIZKEWTA T
0.003 cells/ml THIFEE L7z (1 A o usffialElc &
LRED0, Fig 2-2 123K . 20k, 6 A
MIBLDSHERR S N 2o 7245, 7 A 2 BN W8 IR
WO ILE T Chattonella J& & R HEESHH Prorocen-
trum triestinum & OGRS NIz (P. triesti-
num FAR, Chattonella J&1% 8~370 cells/ml)o 7 H 5 H
\2\E Chattonella J& 34518 C 4~6,200 cells/ml & #§/n L
TBY, R CRPHER SNz, 2Dk, THI3HE
TN CHREATERR S 7245, 7 A 16 H I3 &8 Cilg
SRR S Mo 72, —FEHOMREEERE, 7H 20 HA
58 A 5 HIZh T T4 ICMiflao g hnisiEzR s, 8 A
10 HIZ1E &3 6~1,080 cells/ml & — & H DR A
a8 A 13 HIZIEZHE L 720 2010 4E D Chat-
tonella F7RH O EMEE I —EH ORI BIT S
6,200 cells/ml TH-72 (7 H5H, St. 5 DEDOUHE) .
2011 4F\X Chattonella FREIDFEA L m o720 6 H e
58 HE T E o 72 MR SN o 7225, 9H



59

L\

[ Jun. 2

O 1~9 cells/ml
O 10~99 cells/ml

(0)100-999 cells/m

Jun.23 @ Jun. 30 Jul. 10

O 1,000 cells/ml~ Jul 7 O

Jul. 14

Aug 18 Aug. 20 @ Aug. 270

Jul 22@ Jul. 23 Jul.29 ©
%\)\ %\)\
/O) o Oo o © Oo
O O O O . o OO
O . O
: O
Aug 3 Aug. 6 O Aug. 10 Aug. 13
/ :Eﬁg\)\ _Mgﬁg\)\ :&Q\)\
O @) O O ° o
O O O : o)
O ° O
@) O
A&KA {%1§ akij”4
¢//7 v . v Sow
o ) C?O
O O
o O 0.5m

Fig.2-1 Changes in the horizontal distribution of vegetative cells of Chattonella spp. in 2009. Figures of “new and full moon”

and “half-moon” beside the date indicate the

“spring tide” and “neap tide” respectively.
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Fig.2-2 Changes in the horizontal distribution of vegetative cells of Chattonella spp. in 2010. Figures of “new and full moon”
and “half-moon” beside the date indicate the “spring tide” and “neap tide” respectively.




Table 1 Record of Chattonella red tides in the Ariake Sea off Saga Prefecture
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Year Red tide period Species Maximum cell density (cells mL™") Damage to fisheries
1984 Aug. 25-Aug. 26 C. antiqua 430 -
1988 Aug. 22-Aug. 25 C. antiqua 3,990 -
1989 Jul. 13, Aug. 17 C. antiqua 2,780 occurrence
1990 Jul. 30-Aug. 12 C. antiqua 9,700 occurrence
1992 Aug. 10-Sep. 11 C. antiqua 8,000 occurrence
1994 Aug. 3-Aug. 14 C. antiqua 542 -
1996 Aug. 10-Aug. 22 C. antiqua 9,180 -
1998 Jul. 16-Aug. 6 C. antiqua 20,700 occurrence
1999 Aug. 30-Sep. 10 C. antiqua 4,420 occurrence
2000 Aug. 7-Aug. 29 C. antiqua 14,570 occurrence
2003 Sep. 3-Sep. 12 C. antiqua & C. marina 7,530 -
2004 Aug. 9-Aug. 23 C. antiqua & C. marina 9,190 occurrence
2007 Aug. 1-Aug. 16, Aug. 20-Aug. 26 C. antiqua & C. marina 18,000 occurrence
2008 Jul. 29-Aug. 20 C. antiqua & C. marina 9,300 occurrence
2009 Jul. 22-Aug. 13, Sep. 4-Sep. 13 C. antiqua & C. marina 3,880 -
2010 Jul. 2-Jul. 15, Aug. 10-Aug. 12 C. antiqua & C. marina 6,200 -
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Chattonella FREIDFEAIRILZ R T 2009 3 £ T8 2010
A & BT Chattonella TR X 5 EEREIT A L 2
Mo 720 2010 AEDARHIE 2009 4E F TOHRE L B b,
UM B Gl € 7 B B & v ) B8
L7z

2. EBFKRORERZA

Fig. 3-1~3 (2 2009 4E7° 5 2011 4EDJEE DO DIKF455
M OFEREEAL R0 AR TIE DO 2540 % Kl D5
i\ & R

2000 4E, JEEE DO (X7 H 23 HIZSt. 9, 10, 15, 18 ®
A LR L, St 10 Tld 16.5% & BlREAKIEAS
WEENT=e Z0F%, 7TH 29 H E TEMFEKMA MR S
n7z25, 8 B 6 HIZIXARMFAIIIMHEL <BY, 8A
13 HF TOJER DO (344 T 53.3~86.3% TdH > 7o
LaL, 8 H 18 HIZIZHEERE DO 2L F L, St.9~13
B L5 T27.8~38.0% & —J H OEFRFEAKILAN LI
THER S N7z ZDT%, 8 A 27 HITIT B KSLIZ RN
L7z, 2009 EDJESE DO O RMEIE— B H O Ak
TSI ERD 16.5% ThH-7- (TH 23 H, St. 10),

2010 4, J& DO (X7 H 5 HIZSt. 9, 10, 13, 15, 16,
18 DT A LI LCBY, St.9, 13, 15, 16 Tit
28.2~33.6% & BFEFKMHRIFR SNz ZDT%, 8 H

10 H £ TRENZ D72 ) BFFKI R S T 7z (Bl
PN X BRERR, Fig. 3-2 12I3RiEH) . $H27H 26 H
DEFEFABIZE 18 ER D) B 11 EHCHERRS DK
HEEZL LD TH o720 8 H 13 HITITANEFKILIL N
LTHBY, 8H17THZTTOHOKRE DO &4 T
49.3~131.1% CTdH-72%%, 8 H 26 HIZIE St. 15, 17, 18
T 28.7~31.2% & ¥ HOEBRFEARWIHER S N2,
ZOt%, 9H 1 HIZIZEMFARIRIIME L Tz (Fig
3-2 IZIZRFEH) o 2010 4EDEEIE DO DIRARAL IE—FE H
DEFEFAKILIEAERD5.5% Th-o72 (TH26H, St.
13),

2011 4%, g DO X7 A5 HiZlx St. 9, 10, 13, 15,
18 OPHH 2 HFLMIET LTBY, St 15 BL 18 T
39.8% B LU 34.3% L BRFAPRIR I NIz ZD
%, 7 H 15 HIZik St 6, 7, 9, 10, 12, 13, 18 T
13.3~36.3% & ElkFEAOFHA LR L 722, 7H 21
HIZ BRI L T\wize 208, 7H 29 H»
58 H5HFTHOKRE DO 134T 49.7~102.4% T
Ho72H8 A 12 HICIZZE H 0 BRFKMHER S 1,
8 A 31 HIZIX St. 10, 12~15, 17, 18 T32.0~39.5% &
JLHIF CAMFAID R SN2 0%, 96 HIC
ARSI L7z G L 2R, Fig.
3-3 12X KAL) o 2011 SEDESE DO DiRfRAEIZ—RE H
DEMFAKIISERD 13.3% ThH-7- (TH15H, St
13),



62

Jul.7 O

o ——
0 20 40 60 80 100 120 140 (%)

e —
0 20 40 60 80 100 120 140 (%)

Jul.29 ©

0 20 40 60 80 100 120 140 (%)

0 20 40 60 80 100 120 140 (%)

Aug. 13

Aug. 140

0 20 40 60 80 100 120 140 (%)

Sep.5 O
| 1

Sep. 16

W\

Aug.

Sep. 12

_——— O —
0 20 40 60 80 100 120 140 (%)

O —
0 20 40 60 80 100 120 140 (%)

0 20 40 60 80 100 120 140 (%)

Fig. 3-1 Changes in the horizontal distribution of dissolved oxygen at a depth of 1 m above the bottom in 2009. Figures of
“new and full moon” and “half-moon” beside the date indicate the “spring tide” and “neap tide” respectively.
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Fig. 3-2 Changes in the horizontal distribution of dissolved oxygen at a depth of 1 m above the bottom in 2010. Figures of
“new and full moon” and “half-moon” beside the date indicate the “spring tide” and “neap tide” respectively.
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Fig. 3-3 Changes in the horizontal distribution of dissolved oxygen at a depth of 1 m above the bottom in 2011. Figures of
“new and full moon” and “half-moon” beside the date indicate the “spring tide” and “neap tide” respectively.
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Fig. 4-1 Temporal changes in vegetative cells of Chat-
tonella spp., Heterosigma akashiwo and diatoms
in surface water (a), DO (b), water temperature
(c), salinity (d), DIN (e), PO4—P (f), SiO2-Si (g) and
precipitation and solar radiation at Saga city (h)
in 2009. Data of (a) and (b) - (g) were averaged
for 9 and 18 sampling stations respectively.
Double headed arrow indicates the period of
Chattonella red tide (a) and hypoxia (b).
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Fig. 4-2 Temporal changes in vegetative cells of Chat-
tonella spp., Heterosigma akashiwo and diatoms
in surface water (a), DO (b), water temperature
(c), salinity (d), DIN (e), PO4—P (f), SiO2-Si (g) and
precipitation and solar radiation at Saga city (h)
in 2010. Data of (a) and (b) - (g) were averaged
for 9 and 18 sampling stations respectively.
Double headed arrow indicates the period of
Chattonella red tide (a) and hypoxia (b).
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Fig. 4-3 Temporal changes in vegetative cells of Chat-
tonella spp., Heterosigma akashiwo and diatoms
in surface water (a), DO (b), water temperature
(c), salinity (d), DIN (e), PO4~P (f), SiO2-Si (g) and
precipitation and solar radiation at Saga city (h)
in 2011. Data of (a) and (b) - (g) were averaged
for 9 and 18 sampling stations respectively.
Double headed arrow indicates the period of
hypoxia (b).
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OEEIZFEE L, Chattonella TR DFEA: - JEFEA % oA
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LTw/=Z &H 5 (Fig 4-1(d), Fig 4-2(d). Fig.5-1(a),
Fig.5-2(a), (b)), M5 ODEUDTREOIN L
WCHEETHL EEZ LN, —7, FRROMDOLEHTH
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17 H 27T HUBERME L 720 SOEERE LTIE7H 22
HUEDIL X ) DJaU & 2 $RETR G R0 2 LU PE ) Jh i &
DR & 5 Chattonella JEDOFGE, 7 A 24 HH 5
7R 26 HIZ2 TORMIIHE) HKIZ X 2 PBLE) 281
LIRS Y 3 v 7L AHMBORENIE 2 b
(Fig.5-1(b), (c). ). Fig.4-1(d)., ()o F7/=, 7H29H
WCHEEEAE L Qs E B ERD—D EEZ S5
(Fig. 4-1 @)o —FEH® Chattonella 77#E1E 9 H 4 HIZ
R INARHIN R OTHY, TOERE LTEt
LV DRNE Z B 7z, 2010 412 6 A 11 H 2 Chat-
tonella EMHEE TR I N/M%, 6 J18H, 6 H25
HIITMla R SN e o7eds, TH2 HIZ—EHO
Chattonella FRWI755E L 720 APATIEFRE O AkdE
D7z, FREEEAERNIIERRE L) TORIZHMm L TWwiz
Chattonella B X WERR T E o 720 etk %o —
H® Chattonella 771& 7 H 13 H £ TIERIHTHA L
TWeRs, 7 H 16 HIZIZ&lClfasm s nza < o
720 TOEKELTETTHIBBHBLYTH 4 HIZEBIT
KM% 2 6h7z (Fig 42 h)e ZEH® Chat
tonella 75ENE 8 A 10 HICHERR & 7225, 8 H 13 HIZI
R L7z ZORRIZ8H 11 HIZIUMIHEEE L7-Ba
45DEEUC L DEERTH L EEZ BN, ULk
Mo, R, ESEEOBEEH, KWPEmZk & DRKH
Chattonella TREI OB A/ S5 2 L DMER S N2,
2010 4£-D Chattonella 71237 H 14D & v BN S84
L 72 BRI BB TIEIAATH %,

2011 4FiZ Chattonella JEHY9 A VA E TS
Bhrolze 2011 4D 7 H A LIEOEEH O H) & A
bl S AR E CHMIEEEDMET L7z7s, 22T
& H. akashiwo DSEFEEICIEML Tz (Fig. 4-3 () o
2011 413 Chattonella J&DSFEH . OFWIHEGEL (6 H
W~7 B EA) ([CEEE L o a I, £ otk b T
L7200 AS, & EFoTInIEE Lo 74ET
HolzbEz LN,

2. ERFKREZERRER
— IR TFIRONE TIIEF 2 OIS RE R D,
SR 2R PR IFFTE AT H B L IEREAKIIEIREILL S
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Fig. 5-1 Frequancy of wind direction at Saga city before 1°* Chattonella red tide (Jun. 23-Jul. 21) (a), during 1°* Chattonella
red tide (Jul. 22-Aug. 13) (b), before 2" Chattonella red tide (Aug. 14-Sep. 3) (c) and during 2° Chattonella red tide

(Sep. 4-Sep. 13) (d) in 2009.
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Fig.5-2 Frequancy of wind direction at Saga city before 1°* Chattonella red tide (Jun. 4-Jul. 1) (a), during 1°* Chattonella red
tide (Jul. 2-Jul. 15) (b), before 2" Chattonella red tide (Jul. 16-Aug. 9) (c) and during 2°¢ Chattonella red tide (Aug.

10-Aug. 12) (d) in 2010.
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Fig.5-3 Frequancy of wind direction at Saga city before 1°* hypoxia (Jun. 9-Jul. 4) (a), during 1%* hypoxia (Jul. 5-Jul. 15) (b),
before 2°4 hypoxia (Jul. 16-Aug. 11) (c) and during 2° hypoxia (Aug. 12-Aug. 31) (d) in 2011.
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