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Fig. 1. Red tide scale index (maximum area (km?)
x duration (d)) of red tides covering areas of more
than 50 km? that occurred in the inner part of Ari-
ake Bay between October and December from 1981
to 2003. The results of red tide scale are based on
“The annual reports on the red tide in the coasts of
Kyushu”by the Kyushu Fishery Coordinate Office
(1982 to 2003).
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Fig. 2.
tion (mm) for forty days before the onset of red

The relationship between mean precipita-

tide blooming at four different places along the
coast of the innermost areas of Ariake Bay, and
red tide scale index (maximum area (km?) x du-
ration (d)) of those large red tides with values of
more than 3,000 in the red tide scale index. O,
before 1997; @, after 1998.
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Fig. 3. Study areas and sampling stations in Ariake
Bay.

B DK &SRR DITRMBER SR EE LTz, *
IT, HMBRESRTRIURTRIS, ZAFh2EH
T, N aFE—»bBRICE ZHERMBEOHERE D
BHBIOT L EDI ATIZLBEBEITR, R
AT T KEREORRERE LT, MEMEREIZE
b2 ARBREOVBERBEDELERIT LI-, Zh
LORERRR L OEOMIT LY, BEDH PR
2B BRSO FEM B L ORHEER L KRR
HRERREALMNI L, £LT, BEHTHBHK
ENORLITRET HHREN, 1998 FELIEAMIZ KR
BAL L TWBIRE &, SHEB BT DI BB O&E
HEPBHEELE L TREOBBICE X BHE8|
DNTEELT,

2. FAERBLAHE
2.1. HEHL

AFRIZBNT, WMNBEOFERBICRELZHAE
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Fig. 4. Cross-sections of water temperature along the sampling stations arranged in a longitudinal direction
in Ariake Bay.
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Fig. 5. Cross-sections of salinity along the sampling stations arranged in a longitudinal direction in Ariake

Bay.
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Fig. 7. Cross-sections of chlorophyll-a concentration (ug L~!) along the sampling stations arranged in a

longitudinal direction in Ariake Bay.
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LY iZ#E L7, 7 A 31 BiZiX Sta. A~Sta. E T Chl
aiBEMN 10 ug L7 #2782, Sta. C2kR&, XK
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8 272 % L NINBEE~DBEROEEIT L DHEKDH
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~Fig. 6). 9 A 25 BD#EKD Chl. a BEIL, Sta. F
DUEKKRED 17.4 pg L~ 2%, LWEHSOLSE
T0.0~8.6 pg L LIZIET L, FREE—EIZIEMHS
iz,

10 A~12 AiCix, BEERBOBESET L LI, £
DJE THRMEEEED Akashiwo sanguinea 35 X UFEEEE
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10 A 14 Bz, Sta. S2~Sta. A IZBWTHSMN
28.1~30.0IZE T L/-KEF 1 m»ET, Chl a BE
215, 2~185 ug LY iZi#E L, 11 A 14 BIZI3E Y
2 25.7~30.6 IZIET L7=J@ 2% Sta. S1~Sta. D O/KHE
FT2mETHILKRL, ZOBIZBITS Chl. a BE
OREEIT 15.4~82.3 ug L-1iZ#E L=, 12 A 12 BT
i3, BRI L ORBEEDTEL &b ITRBORAER
VRN L, 7 H OFRBIORAER L RGRIZ, TR~EREL
RBLEABOFRE~BR T 2EMB ROz, L
WULZRN G, HRBEHO Sta. S2~Sta. B DKETF 2 m
FCOB TR L LT Chl. a BEOREMEN 21.2~
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TN EFRE RO TIZ 10 A 15 A~11 A 19
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EREOAFHEIZR 600 km? 123 L TV 2 (KREF LM
MR TE BT, 2003b), 200342 A 7 A OFE TIT,
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£ (DIN, DIP) DE$E 7277 A LERL TS,

200246 A 5 HiZiX, Sta. A~Sta. GiZHBWNT, K
H T 8 m £ TORETHEMETIC & 2 RBREERHK
SR, KET5mUEBORBIZEITEDINBLY
DIP i #h£1 1.3 pmol L7, 0.2 pmol L1 LAFT
bote, T, RIED LS, FiED 4 A 28 AL
OFEBBFIZIBT S 5 HICRENREL, FORHE
Lo TRBENPHEINTBTHELEZLNS,

BLESHEIR C R RS RAE L7 A 8 BHITIL,
Sta. A OWEAREIZEV TRERBEORKZ LM
Z b, DIN BX U DIP BZFNFH 55.8 umol L1,
2.5 pymol L™ IZE L7z, Z DR, MEMITO DIN B
L O'DIP 1 #NnE4 6.1 pmol L™ 3 X7 0.36 pmol
L Y&, KkRAOESHM 123, KEF1lm T
H 198 IZET LTV Z &b, Sta. A DRBIZEIT
DRBHBEORMZ EHIX, ERNLOBHIZL-
THELbDOTIERL, MIIKEZEL TRBEIZHES
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Fig. 8. Cross-sections of DIN concentration (pmol L.~1) along the sampling stations arranged in a longitudinal

direction in Ariake Bay.
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Fig. 9. Cross-sections of DIP concentration (zzmol L~!) along the sampling stations arranged in a longitudinal
direction in Ariake Bay.

BRECYMZIENT, KB TREHBEORM R E  FLk, Z0O, 7A0KPERERARLIFELL, B
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KET2mETOET, DINBIWUDIP BEhTHh  Shiedot, 11 A 14 BiZ2 5 L EBOSEEEBE
10.6~44.6 pmol L™1 B X1 1.2~2.3 pmol L1 iz 1 DREZETRR LN, Sta. S2~Sta. B DHEAERE
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< DIN 8 8.1~16.9 ymol L™, DIP %% 0.9~1.7 umol

2R U=, 12 A 12 BiZiE, Sta. S2~Sta. BT
«i‘{ﬁmi%ﬁ LOEIETE R0 7ehd, LV DIN O
SRR LN, REEO Sta. S1 3 L0 Sta. S2 128
W, DIN RN FH 5.1 yumol L1 8 LU 8.5 pumol
L1 2@ Lz & 2kiid, kKRE® DIN T 0.4
~1.5 umol L™t DELFAE TR LTz,

3.4. HEZEZ (TR OMPIRE & B RERAEE
FROEEEE

Fig. 10 (2, 2002 4= 4 H~2003 F 4 BOFRED 2
SOREHFH (Sta. D1~Sta. D6 35 & U Sta. F1~Sta.
F5) OFAZHAIZRIT G OMES 2R, HE
IS T2 OBF R ERIM T (200244 A 28 H, 5
A 138, 5420 A) iz, EREMELRBEKRPEH
BERIOWED (Sta. D1, Sta. D2), £ D& DMK
(Sta. D3), BFEEMEOHEK (Sta. F1~Sta. F3)
ICIRTET B R MM 2 kA R b7,

2002 4 4 A 28 HiZI, Sta. D1~Sta. D3 D/KE T
2 m ¥ THOERBTHESSD 25.3~30.0 IZIET L THEH
EREE S, Sta. D3 3K Sta. D4 ORI T, &
BOWESEIT & - THARRRE S 7 7 v FABRRIS T,
Sta. D4 B X Sta. D TiX, #AKRE»OBEIZED
2R THANEL (32.1~33.1), BB L TWehoTl,

5 A 13 Bizit, Sta. D1~Sta. D6 2B\ T, 4 A
28 B L AR TEEERB CHEADET 5707 7 AL
NER SN, Z0X )RR, Sta. F1~Sta.
F5i2BWCHBRIS 72, Sta. D1~Sta. D3 TiE, K
T 4m FTOEDHESN 25.3~30.1 (KT L, Sta.
D3 & Sta. D4 ORI CHABESMABRIS L, O
#4y 7 1 v RO (REAIRIN) DK E TIES D
ez b8 U, £7-, Sta. D5 & Sta. D6 DHICH
By 7 o RSRA L, WAKREOHETIT Sta.
D5 & 29.4 735 Sta. D6 @ 31.31IZ EH L7, Sta. F1
~Sta. F5 128\ T%, Sta. F1 3 X Sta. F2 DK
EEOHEST 30.0 B LU 28.6 IZIKT L, Sta. F2 TiX
KETF 6 m AT ESBRS R L, Sta. F2 & Sta.
F3 D7 5 ONT Sta. F4 & Sta. F5 DA TENETNE
NEIC L ARy 7oy FABRISNT, Sta. FARB X

1 Sta. F5 TIIKE T 2 m £ 0 RNVEDESITE 32.0~
3.3 DEFICH Y, SNENDBRALTZIEKDOEEN R
WZ EERLTWE,

5820 Hiz72 5 L, Sta. DI~Sta. D3 ZHBWVT, K
FTH 5 m ETORBOHESNE HIT 19.9~29.7 (ZIK
TL, K F 6 mfHTicEsrBRBIER SN TV,
Sta. D4 fHf CHRBERES 7 0 v FRBBIS L, K
EHEOES L Sta. D3 D 21.2 725 Sta. D4 THE 27.2

iz FH U7, Sta. F1~Sta. F3 128\ Th, RERIZK

FF7mE TOBTESN 23.0~30.7 IZKT L, Sta.
F3 L Sta. F ORIICHBRES 7o MRRBEL, £
NAEEICHEKEREOHESS I 28.1 125 313 IZ EF L7,

~YaFE—nbO BRBRITIE, W% DR
BIERIEH S 2 B O 4 A 26 BITiE, EESMELZR
Bk EEO TR (BEEER) IRETH T LITX
THRA Lz 2 ROHBZRE B BfER Sk (Fig 11)
TRHOEMBEONMER, 54 13 BitBIT 2ATEDH
Wi 5 1m DKEFAE (Sta. D1~Sta. D6, Sta. F1~Sta.
F5) CERElSnEn 7 v FofR (Fig 10) & &<
—F LT\, 58 19 BOBEBITE, #EITEEEAX
RETFHO Sta. B 38X Sta. C DD 6 AR AA
B BECEERWICRIERMETOMEE TV TEY,
@It E 3/ < & B 40 km IZB LA TV, AR
BLER~FEA U730 K ol R O3 1 BB DRI
F o THEEEN LA LEHEKICL > TECTESD
BT L-2EkiE, BE»bAREEROSRESR
WZ, REFICBIRILE L Tz,

TRICK LT, BRI IROBMBRIEE TR
m6A5H, TH8H, TA31BDIEIDOKERHET
X, HADET LEREAPERIRET 22 &13R
<, Sta. D1~Sta. D6 3 L U} Sta. F1~Sta. F5 O
RTOHETEBOESETIC L 2 BBHEENK S
nTwiE, 6 ATHBLVOTASI BOLEENLDOER
BRTH, SEESNVICRAET 2HRRE B IR
Ehpo T (Fig 11).

A7 ER Mg B R S L7 7 A ORIRAE LSRR
DAEFETIX, 7H 8 BIZ Sta. D1~Sta. D6 TK
& T 2~7 m £ TOBOESS M 27.6~30.7 L WZIETL,
Sta. F1~Sta. F5 2B\ THKE T 4 m £ TORRE
CH4YA 28.2~30.6 IZIE T L7z, Fig. 51T L 7= #ikr
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Fig. 10. Cross-sections of salinity along the sampling stations arranged in two cross directions in Ariake Bay.
The arrows indicate the occurrence of the tide split.
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[ In the period of the special operation of opening
the gates of the dike in Isahaya Bay ] ]

[ After the special operation of opening the gates
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of the dike in Isahaya Bay] 7
June 7, 2002

April 26,2002

The coast of Shimabara City on the Shimabara Peninsula.

The offshore areas of Shimabara City, the west coast
of Ariake Bay.

July 31, 2002

The picture taken from the sky on the Shimabara
Peninsula. The far side is offshore areas of Misumi
Peninsula.

The offshore areas of Shimabara City, the west coast
of Ariake Bay.

May 19, 2002

The area between Misumi Peninsula (the left far side)
and Shimabara Peninsula (the right side)

The coast of Shimabara Peninsula near the southern
part of the mouth of Isahaya Bay (the right side)

Fig. 11. The view of the surface of the sea during the period of opening the gates of the dike in Isahaya Bay
(left column), and after the gate was closed (right column).

NTWeEZ Eab»s, 7AH 31 Bz, RETICE
B TEHBOENME TR/ T 722, TASELH
BIC, A mOmMEMADOERLEBET S L, Sta.
Fl~Sta. F5 & v dLBIOBEE % & oA R 2N

FHEOREHAIZRBIT HESORET T 7 AV ER
&% L, Sta. F1~Sta. F5 L0 LHlOREE L =T
HRBREAK T, P2 EbKETHN2~TmET
DEBOESHN 0.7 UTITET L, BBEHEEFHHRS



180 B2« KRS < KM - B - D - 4G - KA - SETE - MRS - P

T, RL LTRBOESETIZ L BRI BRI
a7,
ARBEEIZEIT 5 10 A~12 A DKM A%
EROKEMRETIE, Sta. DI~Sta. D6 iI2B\WT, F
UREDEE MR FE LT, i, 11 A 14 Bizig,
6 A~7 ADHE LIABRIZ, Sta. D2~D5 2 H0MZ, K
HT3mETOREDESSNM 30.0~30.9IZIET L, #H
STEBPBB S, R mOREHAO/KE LR
B9 5L, BWHETIX Sta. D1~Sta. D5 & 0 L@
HARBBEEROKA T I~4 m OB TRET
VW, Sta. F1~Sta. F5 28\ Tix, ZoOHRdicE
BDES0 31 2 FRED Z LidiehoTs,

4. EE

4.1. BEBICET3FPBOREAD=XL

ZORIFETIE, AR CRERKERELITR -7
2002 4F 4 A~2003 £ 4 B O+, 7 AL LU0 A~
12 A1z, BEREERZNZNH 750 km? 36 L U 600
km? 124 5 KRR RN RAE Lz, KFEOFE
FERLY, Z2OREBRIZELT, ROX52ZER
AbhERoT-,

B, KEELRREBRE LD, EEE, &
R, 2O NNIERRIEHONEORIBEREEYE
EH I L OB OWHR T, AR L Sn 218
TH oz,

B2, INDLORBMERREARET D & XTI,
BEHHR TN EL, REOHESH 7 AT 20
BUF, 10 A~12 AT 24~30 IZET LTz (Fig. 5).
ZOHSDIERTIX, 5k ¥ O 5 DYAKDFE
AZEDEIANRKEV, 7T AREERHOKNTH
MR FIC BV T AR 200~310 mm 236k L, K&
DYIKBFINDHFA L2, 10 A ~12 AIZIZA B
65~140 mm BREDOREKEIZME I BRAKDHEATY, &
JEDESHE T MBEAE LT,

31T, WINKDWAIL L > THSYDIETF L-EB
TiX, DIN T40 ymol L%, DIP T2 umol L~ %48
ZDEREBIREL 2o Tz (Fig. 8, 9), HAMERE
WA BDIAKICIIFICEREORBENEENT
Wz, —BIRZET 5 &, S OFRJITFERIC T B

JZRDORBIEBE L, 2002 45 3 A~2003 4E 3 Aic DIN
T 47~113 pmol L™, DIP T 1.8~3.9 4umol L~! &
VYU o Tn (MSTATBIE A KGR, S8 KHEe
ErRE KIREHETR— AN — U8 L OB &
<), BRIHRIZITHW)IKITEEEZEATHED
T, WKDORBEREIZHRETD L, HiTEbHizE<
1%, DX 2B RBEBE OF)IKBSHA LTH
AL U7 1R3G5y - M BREDRE T, Chl aBEMN
30~60 pug L~ 2T B RMINFEA Lz (Fig. 7).

B4, RENRBELERBTIX, F0%, %K
RESSIMICET Uk, ARERBOTIELIONE
HMTIXI0 ALV BED3AE T UBMBERBRAIC
Tebh s, /Y OHEFEFIREEIX DIN T 7.8~26.2
pmol L™ OFEAIZH Y (JIlO 5, 2004), RE%HE
THDITHELR DIN X, 0.5 mg L™ (=35.7 pmol
LY EEShbh 5 (KR, 2004), 20024 10 A
~12 B iZHhT THREINRA U= AR OEE RS
FUBHEBEORETI, 12 AITIZHKRE®D Sta. S1 B
L W' Sta. S2 Zfxr, VEKFKED DIN 28 0.4~1.5 pmol
L' o&EEETHEL L, OB X v ESERIChZ -
TERME VREED Lz, /) RERET, BE10E
 CEE#EEE R. imbricate DFRENR A U= 2000 FEE
DIEHNTHEL RMEL 2o 7z (REREES O ) BEHE
mE#ES, 2004),

A CITREICE S ER—KIMIIOKEIZBNT,
1978 4~2000 FIT K X 2 BB R DT (BAHKEE
HHME ) U RESEX EBERAT R EES, 2002; L
MEBUR, 2003; ELZGEE) IR, 2003), HH%E
B DRI KEBERLRTE 1981 £~1999
FEORBERE (TN, TP) IZKEREMITRV (FuM
BER, 2003), ABEREICES 5 D0—KI) 56
DHKMABRDK) 7 El% LW HHEZIITIX, HEKE
DERIZE B2 -T, 1983 F L VT OB L ON)I1E#E
oD 10 FEHR TEAKEFAERTRb TE 7228,
DIN 3 X U'DIP OREECIZHINMBERIZERD LR
(MSATBUEANKE IR, R KIEEETR— A_—
D)o L ITAN, HINERE T, 1998 FELIE, HAEH
IS B AR O RAEFHS AR KEHL LT- (Fig. 2).

IDEIT EEILOXBEAREHEKNICLDE
FRA KWHERRERZRD D Z LR TERWEHSHOKRH
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MRRBORBAEICEL T, AFEORERMEIL, KE
DIFFETIC L DRBEEDRE L BN ORE~D
REBOEFTHRBRAN, FORBTOHEYM TS 7 b
VOAEREIE L FOBORBEOE L V) —ED
RBENEIY, TORMTEME . VIZGEED L THEE
BENRRAE L, ThLDOERZ, HAEH (10 A~12
A) OFREEHOIEIELIRITE LSRR DR
A%, FRMERIZEB T 2ESREOHRICHEZFEL TV
o eERLTWS, 72, Fig 2 OFHERERD
MR E & R ABREREROBRATRT LI, A
DK BITHTT D 1998 FLAED TREFE AR DE L
KEURIZ, WHENCRIT B ES A& 1998 LRI
Mme LTHAENG S Bo/Z L 2RIAR LTV D,
1997 4 4 R BEER TR BRI b= Z &
P, AR OEICEY & sl S 5 FEAENE
DER L LTHEHBIN TV EA (FEFA, 2003; 2004,
WERE - TEM, 2002; #EE, 2003), BRI O D &
DEB TR DREB~OPKER L, 1997 4 4
H~9 A %o AB¥EMEIT 131,300x10° t mo™! 1T
L7z ZOOfERE, #ZIHEHOEHBEMHREE THIR T
B ORPERIENT b 7= 81 (200244 A 24 H~
5820 A) OHE7kE (105,100x10% t) IZIZIEIEHT B
(UNBERH— L_— VBT — & L Bl L),
I T HER B OHEK B 1997 4 10 B £ VR L,
10 A~12 A ® B REHHEK &1L 35,800x10° t mo™!
<, 1998 F~2003 FEx TD A B EHHEKEIT 24,200
~56,400x10° t mo~! ZHB L1z (BMKELRIE
BHZ b 5L, L7zio T, WEE THZIT R 2/
W o 7 2 L AEER (10 A~12 B) OHBHERETD
ER - LR G I TR, EEMICERE
D 1998 ELBIZREL 2ol B X b, 1998 &
VIR R O N BB KA L2 2 & (Fig. 2) &
LB LR,

4.2. HREIZBETIREQOKEREOHER

AHE (10 A~12 B) OFBEBREEICSVT, 1998
EDIE, WEORBRRENS 2o D HRT
B0, FRLEIOFEFR L OLEALEL 2
%, AENERETIX, B EKERFERNE 2 —5
1965 4 L v, ERBAR/KERREY 2 —25 19725

LY, BEEHRAE L HEINLKEHREL, £NE
NOROIBEBBRICB T A2HEERIIBNT, B 1
B, KEEERCITRo TE, Ll, TNHDM
TERTIT, 20034F4 AIZEHET, AFATHAIL
7=k 3 nAERERTICR T 2ESHE (Fig. 5) 277
FEFERIFHEMDTHICLPBRE STV,
Fig. 12 (a) I21%, BBEERALICK T HEREREY
KERBR Y ¥ —0 2 FHEMA (Sta. 5 ; /KRR 15~
16 m 35 X TF Sta. 6 : 7KK 5~6 m) 35 L OMER RKE
VLR v & — DR #A (Sta. L3 5 KERFY 18~21
m) &, AFEOFEHNRTINHDOREH KU B - &
LIV Sta. A (ZKIFER 12~15 m) (Z51) 5 2002 4F 4
A ~2003 4 4 A F TOWAERE (KE F 0 m) D5
BlIEEEESR LTV, Sta. A TIE, 200246 A~7
BB X0 A~11 Bz, EmnEn£h 12.3~22.7,
24.1~25.7ITIETF L, TOBTHREN 200247 AR &
W10 A~12 BIcAE LT (Fig. 7). £ 255, b
OEMIZR T D EEBERAED 3AEH LT TND
Sta. A LV EANZMEE L TCWEIZbHFEDLLT, 6 H~
7 BB LU0 A~11 A OMEKEREDETIT, ThTh
27.3~30.6 33 L 18 25.7~31.4 DEFEEZEF L, Sta. A
CTEBl SN L O RESERTIRERR SR P07z, —
75, ARV RS TR B IR S V7R o T L D1
CiE, WAREOESOREMBIIHMEIZIE-HLT
IRV
KIFRDOKERE I NHRHIAT 2O 2 &nEL, &
VR I R T 2 bR TE Tz, ZOL57%
BB NS EET L L EX LN, APFEOD 2002
7 A 8 BOREIZREIRICITAR, HWATHUE bIFAL
XnTwWis (Fig. 5). BRIZITEFAROEET, 48
%I IMEB ROMR CEIBERBES T b, €
T, AHFR® Sta. A L EHEERFEORMRE X
VEBEOTXTOREHAM T, ZOROHEKER
DB L OSSO R4 i LT (Fig. 12(b)).
Sta. A OHEKEERDOKEL L UHEZIE 29.9 CR LT
12.3 ThHoTDIZR LT, @ERO 10 ERTOREHLR
TlE 24.3~26.3 CH L1 19.0~28.3, FERD 11 &EFT
DT H A TIE 25.8~27.3 ‘CH L 1126.9~29.5 DEi[H
iZH Y, Sta. AlCBTAREMEE L, WA ORI
OREEREEA LB LTH, KEBLOES L BITKE
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Fig. 12.

(a) The comparison of seasonal fluctuations of salinity of the surface water (0 m in depth) among

Sta. A of this study and the results of the routine surveys at two sampling stations (Sta. 5 and Sta. 6) by
Saga Prefectural Ariake Fisheries Research and Development Center, and one sampling station (Sta. L3)
by Fukuoka Fisheries and Marine Technology Research Center and (b) The temperature and salinity of the
surface water at 11 sampling stations in the coastal areas in Saga Prefecture on July 9, 2002, 10 sampling
stations in Fukuoka Prefecture on July 12, 2002 and Sta. A in this study on July 8, 2002.

REVWRRLNT,

ZO LS RBAMEDO KX 2B VDOFRRO—2IZIY, #
VEEMRRE DR O KFRERRRTE O 2 FeIZIT
RO TEREOIIX LT, AR CIIREERZFa)
11BN L F% 2RFEIZHAE L TX 720 T, KENED
WZHIE SN ATREMEIZE 2 LB A3, OBV
HTERV, ZOREBEOENNIED L I RERRS
5L LTH, Fig 51277 L 912, BEHET 2002 %
6 B~7 AB X100 A~12 A ITHESBRENER S L
DIXEETHY, ZTORIRFBREDCERELRDER
BOESETH, BIEERFAE TIT 2002 FORATYH

FHITRZON TR 72l L BRLTWS, £z,
BEERALETIE, 57 FUBHRE LT, BHW
100 yum D77 7 bRy NERWTRBSIE 21T
TS50 FoRBRELPRAEINATHWRVWOT, 20
FAEBRLIVEH T T 7 M AL BRBB DO ED
HWATEDOBRERELEZONEHNDZENTET, &
TRBEITHIS LTKEREGIEE T & ATER
WV, L7enioT, RIBERFAEZOBRELAVT, 1998
FELFEOHHENZ BT 2R O KFE(L & B RE D
EMRZ MBI+ 5 Z L IXRETH B,
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IOBEERATESEOMEIX, INE TOARE
2B B REME R REIR A O FRE Z ME LT E 2%
{ARAR 2RI Z R U T\ 5, 1970 70 6 DO H AR
2B BRSO RN Z2KEREN, ZORER
BN &0 h, RBERFAEORERIT, 2000
12 A~2001 4 4 BIZHPAWETRAE LT R. imbricata
WL BRBTEM) URREDL L2 L 2 BICRT
ENTBHOKESARNE ) U AMESS R BERAERT
EZBLIIBWVWT, KEORHHNELORFTRET L &~
Sal—varDbo b bEERER L LTHRLNT
- (BHMOKEZ ARG Y RMESIRERAERSE
B4, 2002, 2003), %7z, ZOREEREEZFALT,
A B DHEK R BRR O % KD THIK O FH i s
RIZHEE LY (00 - BTEE, 2003; M1, 2004), & HifE
BRI B & KBRS ORELEEBZ T LT
D (0 - &, 2005), KEORMEBE ) Uk LUR
WREOBEGREIT SN TEZ (IR S, 2002;)11A 5,
2004), ZH HDOEEESRHFRFNTI T 5 KEFERHR
OREFRHRIT, AFENTT LS %, FHERTIC
BOWTHSHRBAER I, EORB TRAELRRE
RRELFRSZZ CWRWKEREERZHANT
Rt L, TOBEERPRFEINIZLDTH D,

4.3. HHIREDRED & KREFAORE

BRIV GEERFER R AEET L RE &
LT, HRBOBWIRIEORLDMSER SN TE, AH
W E 9 B B R KT OREIRT C 1981 4£~2001
BRI Sz My BIWIRIE T, ZOHMIC5.2 cm
Wb Uz (RER 5, 2004), W% HRIE OB 12 # Tt E
ORLE LT LT, BWIZ Lo TELBIROHEIR
BT RXNF—ZHWIRIBED 3 FIZHBIT LD T (Blx
i, FEA, 1993), BEAOBROBMS TH, HERS
TRAF—DORE RPN G 25 &4, £ OB TIX
HAPIREIZ L ARREBEENBELYT RS, AW
ZDOFE (Fig. 5~7) TH, ARHBRE TROEDF
RENTZRRIC KRB RERBE L2 b, TO
£ h—EHORBOREENPREZND,

HRBOEWIREZIERD SEERE LT, A
EREER & LC 1997 4E 4 A O BEEEIS TRV O E

DEE (AHRBANOHEKE O ERERD), AMERE L
TEHKALD 5772 5 NI ANEDIE D DEERE
Z b (#EF, 2003), FEA (2002a, 2003) 1%, A9
W0 ORER T OBINLT — Z OREHTH b A RN
DU DR 65% & M L, #EM - £/ (2002)
X, HIWORES S 2 L—3 g OFAEE S TIEIC
R LU CHE L THESEZ TRV Y 02EE
40~50% & L7z, ZHIZX LT, &R -H1(2002) 1%, 2
I ETFTNOEEL I 2L — a3 il L b, MNED
R DEERERLS, NHEROFRIT 10~20% L
U7z BEE S (2004) b, A BIEREZ OREIRTOBE
BlER b ONCBEEREZ AT 5 SR THEET NV EA
W, AR OERRKEETIZI T 2 B IRIER
b D T5% % SNEO W RS DB LA LTz, BEY
2 b— g AL BT TR, BREHEOREDE
T L VBRSSO E D BEREIZBIT A
HWRIEOBAICEZ 5 HERIIRER->THDR,
THhOHEL, HZITRBOM D X 0 BREWRIEICS
i LHEBEEEZDATE—RLTNS,

NS OEFIRIBORDERICET 20T LT,
AR 55 LN A FERMIZE T 5 EEO R
ARIIZBET 5 EHREBA L, ARBESIZENT
AHENC AT HRBOHBIL, 1997 F~1998 FEDH
TAMIZ KA LTz (Fig. 2), 1998 £~2003 EDHE,
1981 £E~1997 FIZ R 1T DMK E L BARKREOM
B TFRISNARBOBELY, 9 1.9~9.6 & (*F
¥ 3.9 ) KEUL LTz, —F, Mo BIWIRIBOBIZIL,
Dk 5 AR ARRALD RBUIZ RIS T B2 D R
SZe, AR TIZ, 1980 LK, My BIWHRIEIX
Wb D—@%& 18> TERN (FEFAR, 2002b, 2003),
1996 GRS T, A REREREORKEITIZST 583
TIXTTITH 4 cm OED B E TWT, BIRITED 2
FEHE SN TR D 1997 F~2000 FD 4 FRIZBT D
M, BIWIRIE DT 1 cm BREICT TR oz, WEE
KELTD, MEEFZ TR OBRRLELLUTEX
TIRBEDFEHEIY A, ARAEREOFYICE X DR
IR TR 2200, 1997 FE~2000 FORICER ST
1 cm BBED M, BIWRIEDORBD 12T T, T OHRIZSHE
A LT BHEORB OS2 KEULEZFRAT 52 LT
gLV,
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4.4. BROFOFEBREFORE

BRI HIR A LI HKIZ & » TREBADESHET
L, BBHEENERSNIZECIE, BERSEELT
MAERRAELIN, KEY - GFBREREOZR
DREKIZ, BES - BXRBEBEONEK L ORHE
MEESND (B, W1, 2004), LaxUL7ens, K
HRTHAE LIZARIETIE, WIKOHEAIZL - THE
FHREPEREIN-RIC, RE TR RRIERE
PREAL, BEXRFBRELZ-T (Fig. 8, 9), B
BIRICE LS KEEZ R B %A L (Fig. 7). Ly
b, WEH (10 A~12 A) IZF4 LZREIE, 1998 4
L VRARRAE LTz, ThbDZ &i, FHBRTT
HAKDFAZ & > THRBEENERIN/RRIZ, #Q
FEEBRIRIC X - THHEK & DUEKTHMEE SN DR
DI ELVELLHAY, EEEN LY RPN
RSN CRBERRBARE LT o 8
HENRBZOND, £T T, KWIZL > THAMERT~
REDYKBIRA LB BBR S NIRRT, £0
FKEANTOBRIRICL > TEHCHTFTED LS I
BRI L, SMEKEZH - BE L) T L
FEBL, FIIZ2008R B /2— 2 RWE L,

B1ONRY—0F, 200254 A 24 B~5 A 20 AIZ,
RS OWI T RS TREABA PR A O B P ERE AT 72
bR BR SNz, ZoMRECL-T, 11
H71= 0 K&K 7,400x103 t OHEK IS EE D> b A~
EAXN, 7,800x10° t OFEMO K HEL ~HEK
Eniz, ZOHEOEETIE, 67,200x10% t DOHFAKE
AR L 105,100x10% t OHEHE & 2o 7= (JUNBEUR
F—AR—UBBOT—F L VEH), £/, ZOHIH
DREKREITFEE L WEL, FRIBREBE 45 (&
B RBRET, EEBREERT, &R S L UKER
) OFH T 223 mm IZE L, £DH, FHiE
B O 282 5 20— &I OF T, RFEAED
¥ 7EIE 5D DB D OYRKRARE, ZOHMH
P2 1 BdH7- AR 90,000x<10% t IZFEL, AFHN
566,00x10% t T - 7= (ELISEE SN H HBERBE
BN EBH AR — L= VHBEOT —F L Y E ),
FOMO—RI)NE L OZHZFNNENL DRAEE S
HTBHE, FORN2MEOBRKAARNRIAETH, HE

BOREMNS DPKET R THRAE BT L, &5
1Z#9 100,000x 10°® t DK B HFHERIT~FHA LIz &
RIAEND, TNHDORKEDHAKDIAE, #ErHMm
OWEHAICETH4A280, 54138, 5820 H
DXERERR (Fig. 10) 2624 A 268, 5819
B DOZEH#RBBBRT L 512 (Fig. 11), /KE TR 6 m ff
W BEORAEZE I RBKOESET 23 &k
L, AHABREARNORELE N LOBFRE:ER
RIRELT, ARRES 7o v FORBEEFWEN

b, REOHESETIZRMIEESSN O BRERE (RI&
RATERET) ME L TR LA,

AT - T (2004) 1X, EFAERAWVEETND, B
BEOER»OEREEFY OB TRAET 558V
FAZOWT, THBRMERE L O TSR 0w
ZEBTHEIC, TOMmED LHEERNIZETAD
ROBIIREF Y ET 4 —70—¢20), ZOFr
T4—T7 o —IHEBIZ LT - TPEE L THRAH
TERT YN Ta—LERAED, TANEEE
BZEIVALRNE 2o T, BFESNET TRV
nrkz, ] LERALTVS, FHA (2004) 11, 35
2, ZOBRRPIREZ B OBFEREEZENY IATLERIZ, H
SR CEREBRETIRVERARET DL L
FRELCVS, Z0kdi, FREBOREHROMK
WIEIZ 3BT 5 FTIFEREOME I — i<, AflT
BWENRRBET D EWIRENRDY, AR oV
7 b (2002) ZENEZEAE TR LTV S, % - F1H
(2004) 1%, EIFERECY, BRAEERIZRVEIRA S
AT H0, ERFEDHRICLIENHNREL, BEES
BN X OBWERERBELD Z L E2HERL WS,

WL DR TR ORFIERIEST R b - IR
BRI SN, THFRBRTSIOCREE CRE LB
DIETF LI=RBAKE, ARRBEZERLREL, B
REREMOHEE IR LVUZTOWE LY, BREER
W2, AIRERTEBAOERYEREENAICELHE
BETBR L. ] WO BRK (Fig. 11) 13, AHER
B U= KIC B T 2B OB PR EIC L 7R
B S OHK B Mb o TSN ETREDRRE
KA, AREBEEOEELONLEBFEEIZH-TE
& DIRWEINRIZ & 0 EAICEm Do TR - FhE LT
RELEZLDTHS LFHATE S,
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B2 D/RE— %, RIROBEL TR ORM
BIENIET LT 20024 6 A 5 B~7 A 31 HOH
RliC R b7, 2002466 A5 B~7H 7H (32 AfH) &
LFUTASHE~TH31LH (4 A I, EhENEW
VEREN A 4 DFF (RIGIRMET, EERBTR, @i
B H 3 L OB T) OFHET 236 mm BE U
141 mm OBEMRRAEL, HE/26HHE~DOHA
13 306,000x10° t 35 L T8 225,800 10% t {23 L7z (E
AT @A SN 5 B R A B A s — A
CHE#OTF -7 L vEH). ZORARIRIELONT—
VAR LT 2002 4 A 24 A~5 A 20 B OB O
6 EIRE Th o Tn, HEE TIX Z QWM I FHE A~
DWEKENTE -7 < 1Tebn T, JkRITHMRE
TN BIR OK 1/5 DFNFR 27,300x10° t 3
LU 22,500x10°% t TH o7 (JUNBBIRF— L~ —
D), EOT0, HREREA~DYKOTARIIKT D
FEEOFE MM S OHKDOFSRITREUETLT
W, ZOEIBREHET TR, Loy —r LR
Blc, AURMERE TRAE LIES DR T LIeRBAKSR,
Tl D B B IRV O~ Ry 7 e v b
RELABLBRTZHZIRAONT, RESKRTHE
SRBMBER SN T (Fig. 5, 10, 11), 5 2 D37 —
LTI, BRI TRAE LB O RPN E
NHBALTXmEHESsOMKEERL, BETDHD
1%, HEREORENT HIETH o & bk 225 BEHEEO
B RATIT (Sta. E~Sta. H) OFHTHEIC IR LTz
(Fig. 5, 10).

AT TEWIC & 200D KR LB T
6micbiEL, WENEL, SRERGOELVIBRT
BB, ERBRENDZENDIRZ, B (1988) i,
HERHEREICIE CBAROT) | Th D505 | OF 08U,
YR BRI L CNEIRA MR L, WOMENRAE
L2V BRRAENT QI AE L TWD, T0 & D728
EIBANIE LTI, WOBRRARE LR,
wEet LIS AN D (IAEF - B E, 2004), ZHDITRL
<, ABFROMEERRIT, REMOBHFEREXRE)EZE
L L3 BN D ORKTADEEL B ZIT TS
D, BREOKBEANRKLS 9 ARLIZAFEDERMAIC
FoTHERSVEX DM (1 A~3 A) kKR &,
OHRITVTR L ESRB A S LT T (Fig. 5).

ARV T, WKOTAIL & > THZHE
ARSI, B 10/ %= 0X D RETRTERGT
NEATE, KBS - ARBRBEOREKE R
ADEES - ERBRBEOHK BRI URHT
MBI EL, B TREORBES LOL OB
MESND LEZLND, £ IAR, ZOHEBEONR
NEBROBETHLTEROERERRFETRETD
M OEIFIE, 1997 FEOHBBRIS TR O & D&
OFETHE, AL VED Lz ARESN TN D,
KEEFFIC & BRIMFEORE TiE, MREEBENRLD
FOMAET, W RO %, B0
BEAKE TR 2 m BT 10~30%RERD L= Z L8
B & fe (GREEFFHIFEREESD, 2001c, 2001d). Z¥HI S
(2004), 78/ & - FH (2004) B LU EH S (2004) i,
B TR O FEDHEN Y AT 1993 4 10 A ~11 A D 30
HREC, BEESNFEORIGRARETIHO 2 FRAH R
2B TIT 2 b EBRAE (PR RERA TR
£ 1996) & [A—HA3 L OR—FET, 2003410 A
~11 A? 30 BRICHEIMAEZIT2, KETH5 m
@ TR O FEE O SEHIEDS 1993 FEORIERR LD 0
PN ABLO2I%ET LW L Z2® U7, K
s U7 RIS BT, IR R R A (BUE, ke
YY) ITRERETR LN ST

PlozgELzE b5 L, 1997 F 4 A OREEDH
RO 0 X, AREREIZI WV TRIE
BRSNS, BEROEEE DAL BREER
Y OV T\ DR B ) AROW D ERTE
A UEES L, AR OHKHIRPMEE SN DFR
AUETE Y L 20, RBHEED L RENICREE
InoFL e h, BE (10 A~12 B) 1213 1998 &L
W fg R B A AR TR LRI T B & B BN D,

5 HHhYIC

AEEZEIE, AREREERICRS T A REEAREE
R L, WEEEZIEEOME A, FREOH
NMEBRE~OEELE LT, REMHERIZHT DHER
EOFR L FOREEDMRL, 726 N KBERFO
R, KEXREBERIELTVWAILZHRIRLT
Wh, TOZEEBELT, KEBERBOREAD =



186 B2 ARf - kE - - i0 - & - ORR - SIFE - M - PIR

AL ERREZHEPTH-0120%, FREORTIZET
LREERHRAE, RIORBEENER SN BEHD
REMORE, 720 KEHEEEICET 230 E
IZMAT, ZROOREICEE LT, HELZOES
B DORMEBIEEZITY, HEEB~OHEKD AR ES
HOLRERNEIT-HME2FEREL T, 20HEN
HRERE OB OS8R, HESEcBLIET
EELTMUETLERD B,

# O

AHFRIIREHEN B ERZIRERM M 722 & DN STE R
FER AN RBHBHSER A BLUBIZ L 328805
ERTIT RN, REIT—21X, ANRERARER
BT &0 @R Z 1T 7, AHMERE 4 BOKERBIE
DHRERIT IR (RIGRBREKERRE, £BEREH
KERB Y % —, @EEKEBERNYE % —HH
HERTERT, RERBKERF LV ¥ —) IC X B BIREHRA
BEORRIZONWTIE, BIITBHENKERAHEL
Z — O KKEN T LV BRI ORM 2R 1T 72, sz
ITBHENKEIRHEME, 5% KIEEETNITR o - 5%
JUTRT 3808 & ONRIJ | RRask oD SR HR R FE D BRRIAS B T,
R= A= VIZBE SN TORVRERRL, AT
BUENKEIRHEE, B KEFHERTL Y5 — 7 DRt
BRI, AHBOKERECHZ>TiX, AT
NOBEBRMEEOH 1% HB-, RXOEFERRICO
WTIE, Mr. Richard Lavin, Mr. Jay Melton {Z{&1E
LTWeoWie, BURED S 4 IZKERN bREHOE
R,
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Mechanisms Causing Frequent Large-scale Red Tides in
Inner Areas of Ariake Bay

Hiroaki Tsutsumi', Chizuko Kimura', Sayaka Nagataf, Masanori Tsukuda’,
Hitomi Yamaguchif, Tohru Takahashi**, Shigenobu Kimura'f, Masao Tachibana'™,
Toshimitsu Komatsu®, and Shigeru Montani*

Abstract

In Ariake Bay, large-scale red tides have repeatedly occurred from autumn to early winter
in recent years, and have seriously damaged the nori (Porphyra) culture. According to the
previous records kept on red tides in Ariake Bay between October and December since 1981,
the scale of red tides has markedly increased since 1998. However, the amounts of nutrients
loaded into Ariake Bay from the coastal lands via major rivers have increased little in the
past two decades. In this study, we monitored water conditions monthly at 24 sampling
stations in Ariake Bay from April 2002 to April 2003. Large-scale red tides occurred in the
inner part of the bay in July and from October to December, 2002. In these two periods,
the inflow of river water diluted the salinity of the surface sea water in the inner part of
the bay, caused stratification of the water and highly nutrient-rich conditions in the surface
layer, and resulted in the occurrence of large-scale red tides in the inner part of the bay. The
marked increase of the scale of red tides since 1998 indicates that the gradual decrease in
tidal amplitude and current since 1980 is not the main reason for the frequent occurrence of
the large-scale red tides. The results of this study suggest that the estuarine circulation of
the inner part of Ariake Bay was drastically changed by the closure of the gates of the dike
in Isahaya Bay in 1997, and the surface water with lowered salinity and eutrophic conditions
formed by the inflow of the river water became more stably retained in the inner part of the
bay. It is very likely that the marked increase in the scale of red tides in the inner part of

Ariake Bay since 1998 has resulted from the closure of the gates in Isahaya Bay.

Key words: Ariake Bay, red tides, gates of the dike in Isahaya Bay,

estuarine circulation, stratification of the water
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