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Fig. 2. Seasonal fluctuations of DO in the water just above the seafloor in the innermost areas of Ariake Bay

(Sta. A to Sta. D).
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2005 £ 8 H 28 HiZiX 2.61~3.3d mg L ' T TIEFL
72o 2001 E8 A XY 5 EOEFIIBT ZKEFAERE
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X, BEEEK OIS R B EER TRz
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T, [RABRRKEFEZTT 207 (Fig. 3(b)). DR,
Sta. Al TIH/KE T4 7 m OHFFFIC, Sta. A4 TiIK
T 4 m OFFTIZ, HEWTT MmO R & [FERIZE
SEIOKROBERER SN T\, £LT, 3
TOREHAIZBNT, FOTRBTEBANBELT
Wz, HEEEE EK® DO I, Sta. Al T2.20 mg L1,
Sta. A T2.64 mgL~!, Sta. A3 T2.87mgL ! &£T
B LT, ZDXHC, BEEFEANREAEL TV
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BrE25, BEEERIBT AKED EFEX, HEY
FOFEEDE T H NI T Y T OEEEED, BF
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Fig. 3. Cross-sections of temperature, salinity, and DO of the water at the sampling stations (a) along a
longitudinal direction in Ariake Bay and (b) along a lateral direction in the inner area of Ariake Bay, when

hypoxic conditions occurred in the bottom layer during summer.



AR 1T D HBFKRFEEROILK 189

27 ¢ 05

o mDO0<2.5
3 05 ® 02.5=<D0<3.0
g >» 03.0=<D0<3.5
2 03.52<D0<4.0
£26| o2 W04
£ Ue B s
g 04
©
£
o 25 04
£ of ©
s ° o4 05
2 Ll 03 95 ©
03

224 | o1 03 e© U
[
5 o]
2
5
-

23 : * —

0 5 10 15 20

Difference of the water density between the surface and bottom

Fig. 4. The relationship between, on the one hand,
difference of water density (o) between the surface
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temperature of the bottom water when hypoxic
conditions occurred in the water just above the
seafloor at Stations A to D in the inner areas of
Ariake Bay during summer of 2001 to 2005.
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Fig. 5. The relationship between temperature and

DO of the bottom water when hypoxic conditions
occurred in the bottom water at Stations A to D
in the inner areas of Ariake Bay during summer of

2001 to 2005.

& DO OBRICITA B 2ABEREMAIRD b7z (Fig. 5,
r? = 0.409, F=6.933, p=0.025), Zh b ORERFHRIZ
X, bo& HEV DO BBRBA SN/ 200447 A 28 A
D Sta. AB LV Sta. B(1.93BLN2.12mgL 1) b

EEN T\, 20X 5 RARBFEKT, BRAITRIZ
HORBNHEE SN SR EICH BT, BEDBHIZ
LBKEBD ERIZE - T, MEOHREME L VEREK
FDNRTT VT LEERYOENRE S, BRHE
BEEOLF LI ERKRESEEBLTNWSEEZD
N5, Lo, 24.2~26.8°C (¥ 25.5+0.9°C, S.D.)
OWEE LAKDKIRT, FHRBEIIZIBSWVTREINZE
VKR TR0,

—BlE LT, EBBRMTROEEBBERAEDS b,
KBFZED Sta. AIZH o & BEW Sta. 5 (KR 10~16
m, 33.042°N, 130.240°E) I23\\\C, 1972 4E~2003 4
2, BEEL1ImED DO BRFETH-, L BET LR
TRAEIZIS ADMEEL 1 m @R L OEAKRROK
Bz7r7 (Fig. 6), ZOHMFOMEEL 1 mEDK
181X 21.8~27.6°C (25.0+£1.4°C, S.D.) ThHotz, ZD
AIBOEHERIL, AFFRIZB T Ha1RO 12 BlIOEEEFE K
BEIREOKIE L OMICHEHZNRAEZERD LN
o7z (F-test, F=1.134, p=0.293), 7=, ¥EKRED
KIRIZ 27.5£1.5°C (S.D.) T, i, BEEIZLAET S
BERBHRD LNRD- T,
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LHRIEE KB OBEZEN 1.8 (o) BLET, BEEE
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BT, BIEE FAKDKEEFEDFHR DO B
FIEREREELEZ Tz, LBLRRG, 88, E
ZOWEHBE E/KOKIBIZ EEERIZERD b0 b
b 59 (Fig. 6), REMEE CITABRKOIEEN
fik U (Fig. 3), BMF KO DOED S LIZETT5
EAFED bz (Fig. 2). TDT LI, RENVEROWE
EIZBITABEHBRENHEML TWAZLEZERLT
W5,
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BB CREEFKNBFEET HRMO 4 FEUA (Sta. S2,
Sta. A, Sta. B, Sta. C) IZBW\T, EEXRE (HFEs1
cm £ T) DA EES TOC THHMEL, 200244 A
~2005 % 12 A £ TO%{b% Fig. 712779, Sta. S2 T
X, 200249 A~2003 42 A &, 2003 & 4 B ~2005
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Fig. 6. Fluctuations in temperature of the surface water and the water 1 m above / the seafloor when DO of
the bottom water became lowest in the year at Sta. 5 in Coastal Water Quality Monitoring (Senkai Teisen
Chousa) conducted by Saga Prefecture.
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Fig. 7. Seasonal fluctuations of TOC in the surface sediment at the innermost areas of Ariake Bay (Sta. S2

to Sta. C).



BRI 1T D ABRFE KIS EROILR 191

60 [ —@—Sta. A
-0O—Sta. B
—8—-Sta. C

50 |

P

o

2

40 |+

o

°

S

E30 -

)

()

5

© 20 |

f red tide

3]
%
O‘Jlll Al 11 [ T WO TN T TN N NN T N N N N N N S N T

“2001" 2002 ' 2003

2004 ' 2005

Fig. 8. Seasonal fluctuations of Chl-a concentration in the surface layer of water up to 2 m in depth at the

inner areas of Ariake Bay (Sta. A to Sta. C).

F12 AIZBIT 3 EERED TOC OFHMER, i
Fh 5.2+1.6 (S.D.) mgC g ! IBL T 10.2+2.0 (S.D.)
mgCg ! THY, ¥ 1IFITEML, HFFHNREER
EZPRD biv7c (Mann-Whitney’s U test, U = 1.50,
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Whitney’s U test, U=1.50, p < 0.01), %7/, Sta. B
DIEERED TOC b, RERIZ L DEOEEE LW
23, 2004 4F 6 A ~2005 4 12 A @ 3 BIORERIIHIT
HIEIF17.2~24.1 mgC g™ TH Y, KEIMED Sta. A
CREEER LA~ ER LTV,

DL, BEFEBETHBIEKNPIEET HEE
D AFEMATBNTE, 272K & 2002 FLAE, K
BERBD TOC IZH b2 MERABO bz, TD
LR, BE~ORBYARESENL TSI L%
RLTEY, TORRO—2ITE, Z O THEET

BIRENZET H b, Fig. 8121%, 2001 £ 8 A~2005
F 12 AiZBiT 5 Sta. A~Sta. C ORBEK KET 2
m ¥ T) FD Chl-a BEOENERT, THALOHAT
X, BRERB L OKELFOICEFIZ2~3E, £E
KH D Chl-a BEN 10 pg L™ 28X D FREINRAE L
T3,

Fig. 9121, 2002 4~2005 234 L-&5H 9 @D
FREFAERFIZ 35T 2 BRVEREHT T AN ER E LT fR A He
AD Chl-a BEDRET 7 7 7 4 VEEER & LTR
T, FRERFOKEIIK 9~17 m @ Sta. S2~Sta. C Iz
BWUE, WINOHBES TN bLOHRDOEE T Chl-a
MREEA 10 pg Lt 8% CHREMRER & 22 - 7272501 T
72<, Chl-aiRED FF UKk PNEES CEZEL, &K
W & B —WAEEMBEE~OEEHATTIZES LT
B EERLTWA, Fig. 10121, 2005F 8 HB LW
12 Az Sta. S2~Sta. C @ 4 FEH A THER LIZEE
KE (RS 1em £T) D I ZHANTRDZ, E
B TOC &AM AEEEE (Chl-a B UF DY
ThH7xF 7475 OBFRERYT, MEITIEI8 AL
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Fig. 9. Cross-sections of Chl-a concentration in the water at the stations arranged in a longitudinal direction
in Ariake Bay when red tides occurred in the bay between 2002 and 2005.
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LTN12 A & b ITABERE 2 BNENTN 0967 BLD
0.899 (Z#E T 2\ VEBBR RO b, T H DM
BEHROEZICETNHEEYIL, KESBILRELT
HRE LM T T 7 PCERT2A#MTED L
NTWe, Lo T, ZOS5WHhHY, FHEEELT
BT HRBORED, ETOWE~DHEBEDARL
LTERAL WA Z LR RENT,

-O- Aug. 28, 2005
70 -@~ Dec.1,2005
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Fig. 10. The relationship between TOC and

pheopigment content of the surface sediment in
August 28, 2005, and December 1, 2005.

4. E=E

4.1. BRFKEIURPRELERFLOMRK

AR ORERRIZ, ARHBRTICEVT, 2001 F
~2005 EDMRE THOKE LFHIZ, BB LUK

WCEBAENERSNIER TEABFEANREEL,
WEE LKD DO 13FE4 & HIZETFT2HEARR N
(Fig. 2), 2005 4 8 B ORAETIZ, AHBREOITE
éﬁ@*ﬁ?%4~7m&%@%:&$’kﬁ%%b
7o EH O DOBHRE T, %%E8H6E , [Al
HEROWERE EKO DO 73, ;ﬁ%ﬁmwﬁﬁﬂ
‘ﬁSuLS?NSm.Cl~hb“€057~L81mgL—Hiﬁ
W5 A DT EH A Sta. Al~Sta. A4 12BN TH 0.14
~11lmg L VWWZETLEZZ b T\ 5 (REXRH
A #H, 2006).

IO RERERTIZES T 2 EFORBEKEE
(1) RSO EEXRBICE EN 5 HEYIEY T
Sy bACEIERELTWA Z & (Fig. 10), (2) &
e 2 BASE L7 2001 FLARE, MERNEIE# S K OWRA
2 (10~12 B) \CEBERBMERREPRBEL TE Ll L
(Fig. 8, Fig. 9), (3) AMAORIIL, 1998 LI,
BIBRICBITDRIEDRKEIZ LT, TOBRDEAER
P 2~ 3 EFITHIM LT\ 5 Z & (52, 2005b; Tsutsumi,
2006; 125, 2003, 2006), (4) ERICEEBFAKNRAE L
TN B BERHESRITKIED 20 m & V&< (Fig. 3), R#
BRI LY T T 7 bR L TEE
ETHEELTWAS Z EPHmREINTZ L (Fig. 9) b,
FTET T 7 P AT L > THEEINT=HEY R KED
BWVETER CITEEE CTHELTHEL, ES0KE
BRBIZBTABREBNBEZHNS LI ERKRER
FERO—DIZoTWABEEZ LIS,

BEAFKFAEROFLTH S Sta. S2~Sta. BiZh»
T, BEEREOAEYESEIIHIMEAR AR bh
% (Fig. 7) DT, WBE~DOHEBYATREORINIAT L
T, BEZBITADEBBODOVTWRNI EEZRL
TW5b, LEX-T, FHBEBRHOERTIE, EFZ
%é#éﬁ@i*@ﬁﬁﬂé%’#kb HBEAERR

BAGEBE LTI LR TFRISAD,

%%6@ﬁn7w—7fi,ﬁ%ﬁ%%_kmf,ﬁ
EAMBEICET 5 EEFAE S 2001 4 X Y RERAT2W,
FOEBFEBEH LTS, EFEOBBMBKBERICIT
Sta. AIZBWVT, 2002 FEDRATYT TIZEEEYD
RIBEENDT»5gm 2 2 FTRRELZTHLTE
D, EMOEXLD TEABRBENVEINO>OHD, €
DOFEFERIIPMICCHEBRTHZ L LT 5, ZOHFHK
X THREBEEDZ A T % (A. pectinata), FRFEDONY I
(Portunus trituberculatus), EEREDO V¥ /) V7R
(Pleuronectida) 72 ¥ D REF2MB5E L LTRFEFA SN
TEXEFHTHY, BRE~OEERBEINDH, D2
b ZA TXORKBETIE, HERREREDOED
BRLNTVS, bib LIRBEOEBORI\VEEE
Th BN, HRERTOEERR L UM ROMESRIC
BWT, 1997 EICIXRBENZTNEN L7000t y 1 B
1,300 t y ! 2 EEo TV, 1998 F LY &AM
2R LT, 2000 4ECARBER R OMSE TIXIRE NS
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MRIZEETH D, BEROEBTHLT N0ty !
Atk DR EHF TV 5 (Tsutsumi, 2006),
BRI O RFERIZ T DR TIE, 2001 FFDE
2, FCIEE CRBE KRR LT (AABRA
{REEW 2, 2001; £25, 2003), Z DM TIE, EEEMN
1972 £V 11 FAFH KT T, BEIEN 1965 4 &
D 18 AAEHLA (1997 F LV 10 FEHR) ITBWT, *
NENKRIBERAELBAITRoTE R, LvL, £F
LBAFLTVWAS 200643 AL TOREERTIE, B
FOWMEEL 1 m B2 2EMBEKOREET—HO
FAEHAIZR O TNT, KFRIZBIT HHEFEN
AT KO BRREHOLEERIZ T B IEE TORBEKD
RAEFBR STV, —F, MATBIEAKER
BFTEE 7 — XK PERFZERATAS 2005 4 L ¥ A B
B TIT 2 2 TV D EEEFR KSR BOER BRI <%, &
BFKBERTT7 A~8 AD/NBRE L DEEZ D
1 BRRECHEIZRAEL, KEFIZIZIDO LU
H—BERET 5 Z EBREEES N TV D (MIATBIEAK
FER AT & — B ARERIRT R — A ~— ),
Z D DO DEBNIKBIFF O EBENDH 6 m IZET S
FHBREORFMIC LD L EZXOND, FIROEREE
MR T, AESKBIRHERI% O 2 B TfT 2
PATELDOT, EETHERED DO Bd HRERIE
LicZA I 7 TRESINTEREEREV, Fz,
RAEHIAOZ BEFVCEEINTWHWEOT, EE
BB ENTY, < OREHRADEBED DO
DEERBEBDOEFHIMEL TWAEELH 5,
FRBREIZIBWT, RS A0 G AEBICERT
HRRFKBREET DL TR TcOMNTE LTI,
BIRFIZ S AT 5 AR B W BRARICHS LTz KERE
132001 FELARTIZAT R TV, L LR, =
BMEBEOZ A I XDRBEDOEI L, FHBERIIC
BT OBEBFEARELD DBEWHRATH LN TES,
ZOREIIAREREOIZE NG L 2oTHY, 7
Sy NOMERERIEE L, BELE, BB
MIRNDT, BERERIIR LT, FNENDOEEFD
IKEDHEZBRITD, £, TOXIRBeFFoIc
REUEAEWIL, BE~ORBEYATEOHEKIZH S E
EREOHIIITITERNIZL - L bHENTH Y
(Pearson and Rosenberg, 1978; Diaz and Rosenberg,

ARES - KH -

8 - /NFRE - BB - PR

1995), AEEFEKOREIIIBURICRIGT S Z & 3 FHl
END, LichoT, FHBREBOEERRE L UEH
WROBBIZBIT D REER D SBREMFI N TV
IZi%, EBTHZ A I XDEREFREIZT S DO &4
BHEFINTWEEEZ LN D, —7FF, 1998 FELIED
EERBIOCERARICET 24 7 X REREORH 2
B Ix, BEEFKA Z ORI L Y A BRI 0 K65
b5l TERIIEXL Lol L &2RL
TW5a,

HUNERE & FERIC, O T T 27 bR
LTHRBERE, TOTT 0 b OREBYPEEID
HRELTBELHEL, BEARZLTCEEARLOK
BEDWHEAEMPEFOFBICET 5 LI 5—HED
BERIL, 1F, TAVIOF = —r 8, kDL
Mg, RO BIEE 1T CHRRONEHASFIEERIC R
AT % (Diaz and Rosenberg, 1995; Karlson et al.,
2002; United Nation Environmental Program, 2004),
DL RBRIT, BEAEDRE, HHOILKIZEE
9 ETEHEK OB R TR DR R - TREOfE
HEBEMULEZZ LR EIZLY, BEBROLIRATDHR
BEMABRDKIBIZHEM LT, BANEREL LD
CIZFEERD B, FlZIE, UV METHE, 20 BHRE0H)
BH, BRI DAY 2 RBEEDERICZERED 300,000
t, U 2510,000 t FREE L HEE S 417223 (Larsson et al.
1985), 1950 FFARLAREIZRIE L, 1982~1987 EDFA
&1, £FE3%9980,000t y=1, VU A% 50,000 t yL
IZE LT, TORER, WKOFRBERENSRIZ LE
U (Rosenberg et al., 1990), BFEEIZIZT T /7T
V7 (BEME) O V—I v IIRRE TBE~DKE
DEEMEATT L 72D (Rosenberg et al., 1990, Bianchi
et al., 2000), 7V MEFRE TIZAHBICOZ > TE
BAPEBRLL, BEIZBEBOFHIFENRERL T,
[EEAMDE L BFERE L 7= (Karlson et al., 2002),

—7, ARBRHTIX, A%, BHORELEERE
BiOILKITRE S, BRI b ORBERABOHEIMITE
TV, BRHEICES 5 DO—FF)I23 5 DHFE
BHRARIL, 1978 F~1998 F D 21 FRDFH T, TN
T7130ty !, TP T395ty ! Tholh, BN
RBIMERIIRD 6T, L LABDTHHENT LR
B b vTe (KETHIFAHEERT, 2001a; BAKEE A BVE
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J U RS RBRAERTIZE B £, 2002; 12, 2005b;
25, 2006), i bR OERBIREDORN 7EH %
O HER)ITIE, FTREICREWT (&M RAEX,
WOT), 1978 FORERBIURY VREDERF
PENFNFN1.36 mgL~!, 0.114 mg L~ 2508k L
7223 (KPEFTHEFAEHERERS, 2001a), 2000 40 [FHAD
EREHELFNFN 140 mg L !, 0.111mgL~* T
ot (BLZBEW)IRHR, 2003),

TOLOIE, FRRRBOERE, EELQREMEL
RoTWB THRBIORAE, BLY, NI ERBIZ
Bl 2EBFEKORE] OBRZIZBWVTIHASHO
ERBLUZDFAHEEERL ZBEL TWDER, £0
oL 2 HREAMBROBRENEZ b2 OIS
DEBEBRHEOH K TIZRWVRITEBW TR - 724
A dH 5 ($, 2005b; Tsutsumi, 2006; £2 5, 2006).

4.2. BEEHSORBEAFTEOEREHEDLE LR
REBLUEFOEBRTKRELEDORE

BBRERETIE, KRIZ L > TKREDFJIKBTRA
THEZNNCHESRBAER END, ZOWRAT DI
KICBAEBREORBRENEENTVDHDT, HE
L UT-2R/8 TI3— RS SRBIEBREN EF L, R#D
AN D ERERENRA LTV (1, 2005b;
Tsutsumi, 2006; ¥ 5, 2006), £z, TORT S 7
R T & o TEE SN AHMITIRIE~DFBY R
B2 &+ (Fig. 7~Fig. 10), HRHKTROESF
IZRBD S o & bR R S, KEEFICL - Tilg
JEIZHERE L= B DO ER b - & BIRE SN HERIZ,
JEfg TRBRFANFEE L T (Fig. 2, Fig. 3), LT
Mo T, TRE 2 b ORBEAREDOERZ D RVR
HRAER IUOCESZOABBKIE] T, BEAI=
ZhDIBEEE LT THBEEEDHKRI AEELTHY
fr. BRI CRBEESEEICER I, REE
NEfrEhig, Thbm 2 o0|RARIT LY KHHEL
FTHZLEBRLTWS, £z, THHOHBNEZ
B LI BBRRRR ZRAT 5201213, F
BRERIIZ T SEREEER EO L I ITMbEnTE
T=Dh, WHEEEOBRFMNREELULILENRD D,

AR CHEEREB L CEHEERTRo TE &
WEBAEICIT, BREBKOREDCHE LFARKIZ, B

HEEDOR TN R EENEINTND Z ERHIFS
Nz, LdLRR L, RIBERAEORKIZLDKE
FETIE, BKEXRRE, WEELL M, KEHA10m
IVBECHATHUTKE TS m BLOEEELEL m
OPTNP2BRNLIBLIRZNDT, KIERESSD
BN Y OKBIZER SN, RENBET HES DK
T ULERBKOEARZTHET 2 Z LB TE R\, X1z,
KHEEHRHRIE O 2 R ORETH DD, £F
LOXIZEZEBKEFERAVTWRW O, FH
MR CHRBEENERINTD, TORBOEMMK
T2+ LZ TRV E W ABEOMELE TN
TWe (15, 2006), ERIEERFAEIT, KL ABE
IKDFA 2B L WEEEEOR BB Z BT T 5720
RO LN EFAERELMWZ LTWD LIEEVEEW,
B TR (2004) 12, ZORBERFEOMEZ AV
T, AR A 1990 HF~2000 F 0 R E DORFZE
ML 2T L, TORER, Zo#Ed, = (6
A~8 B) OB E XA AEDIZIE A TRAMEIZ S
BRI LERL, BELOINE TOH (3£, 2005b; 12
5, 2003, 2004, 2006; Tsutsumi, 2006) 35 K VAHFZE
DOKEFEORERNLEXH LT, FEB LUCHABRER
KDFEE A Ty = X LDILBIE L L TCORBIBE & 1348
KT 5/@EMICE-oTWD, £, REERD ORE L
LT, EZOW)IIFHEDRED & FHREDHERIZL D
EEEOWMNOT-DIZ, FRBREOES &Y,
KBKDEENEL 2T, $hEBEEZENNE 2>
o eEERELE, UL, BiTicAvon-&EE
BMPFAEOFKERIL, EA 1B, KEREERIRON 2 K
MAICBRI SN KETH Y, FROFAERFE ORIE
WA T, FERZBAD 2EOKRBO EH HTITR D
MTRD TV, EE, RERERBRICER
ENBEDT, TIZETROTUYTRI ZLITEELY, —
¥, 6 B~T A DRI DX A IV T TRRAREE
THD, FOMBIEXEOBREDLDIZRD NI FHIT
X\, FOW, KRBICESBERFERSNTY,
FOEES COBRERBLUZBIKERENSE LN SN,
KABELFOADFEAD LA IV TIZKRELER
N5 FREEA R,

FIT, EELIE, M- TR (2004) & FEIERIZ, 1990
HE~2000 EDBLED 6 A~8 BIzBIT 5HEHMBIRFED
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Fig. 11. The relationship (a) between mean monthly precipitation in Shiroishi Town in Saga Prefecture
and mean salinity of the surface water at 10 stations of Coastal Water Quality Monitoring (Senkai Teisen
Chousa) conducted by Saga Prefecture in Ariake Bay during June to August in 1990 to 2000, and (b) between
mean precipitation in Shiroishi Town for the five days immediately preceding the sampling day of Coastal
Water Quality Monitoring and mean monthly salinity of the surface water at 10 stations of Coastal Water
Quality Monitoring by Saga Prefecture in Ariake Bay in the months of June to August in 1990 to 2000.
The precipitation data in Shiroishi Town in Saga Prefecture are based on the observations by the Japan

Meteorological Agency.

EERB AR ORETBRRUADOMEKT —% (RRFH—
LR=V) B L MER R ORI ERFAL (11 HR) O
KEEOEST —F T, TE DR Z BT L
(Fig. 11), 6 A~8 ADFHARMKBKEL Z OHIFF O
3 BIDEHEEMRFAE I T DM KRB ORI T 542
TR H R D FEIEDOBR (Fig. 11(a)), BLTV6 H~8
HO®REERAEDOERD 5 AR 5 Bk E
ERES DBRE 8T 5 (Fig. 11(b)), £ DRER, #
KREDFEHIET, FEERD 5 AT 5%
KEE LV RVEBIBIRAGED biTz (r? = 0.749), &
TERRAE T DM KREOE S OBRIFKRIZ, AR
KB LY LFAEERIOEHH OBEARIIZR £R
ENTW5, B TAF(2004) TiE, 1991 £ L 181993
FIZBRAl SN BKREORIIET (16.16, 13.27) i
Lo THRBREVEBENSRAL, 1994 F~2000 4iZ
IEZNGITIEET 2B PETHRE TR olzZ &3, R
EIZBNT TEEORBE AR Tl
EIZH D) L OFwmEEEHIBIMEL 2oTWND, L
L, TNHO24E/MIL, Fig 1LITRT X512, EHA
FIREKENRFNFI 373 mm B L 480 mm IZFE L=

O LR, HEERTS BHEOFHEAKED 80 mm B
STC1L7T mmiZEL, FHAMBKEDS SITHEG L
TWe, ZHRICRLT, 1997 £ LU0 1999 £DEE,
Y2 A K &R E NI 442 mm B L 376 mm 12
FELEN, AEERS BROEYBEKEIT48mm B X
12 mm & iginodz, BBIS T2 FEE ST 23.95
BLU28.97 T, 1991 FB L V1993 40 L 5 22872
BFRBRIsN LR >7, —F, 199841, F¥AM
BEK BN 296 mm &P TH-7h, FWEHRIS B
I DOEREAKEN 103 mm IZZELT2EBIZEL, I
S 2327 IIE T LCWe (IR Fvb 4 &ER),

PlED X S0z, #1- THF (2004) 1%, EEERHEEIC
BT, 1991 £B L1993 FEiZ, #4 I 7 k<HH
MBIDKWIZ L > TESPMET LRI/ O T —
& & T, 1990 4£~2000 FOEE (6 A~8 A) Itk
TORBEDOHMEMEZEXHLbDTHS, D
WIIE, FRIBRETIZIT 2 RBEOREFEEIOET
RO O DFEREZ T L CORWEEERAE
OFREANT, REBEOCE{LEFMLTEY, TZD
11 FHARBORFEORBEII/NEL BoTWNE I E
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BRSNS, | LT HFERET LI LITRYT
HBH, HIZ, ZOHRITIE, 9HOHERERLISHE
BASNMKD, WHH (10~12 A) KBURBESHS
DIETFIZ L » THREBABR I, REAREDKRE L2
BE (cf. 5, 2004, 2006; Tsutsumi, 2006) Z4% -
TV, BIFICAV bR EEERALE TIX, M
HC BT BDHBOEHEMEE A CBRISH TV (3B
&, 2006).

4.3. BEEGIIE T IRBEEOHBEADREET
HEXDOEE

HREBRTICBWNT, RESCEFORMAKELED
FR & pEEEMSEERL SN, BRI
T RoTEXEDD, ZNEFEILETHDIIRDLN
HDRERELAL, TNLOBRRBEENMT DEIDOD
72< &% 1990 FEAHIEE & kRS T X R BRAIRER
IFETELR, LasL, 2001 FLAEIZB T HEE LD
I N—7 DFERF (L8, 2005b; 125, 2003, 2004,
2006; Tsutsumi, 2006, AHFZE) TiX, (1) BEED
R SNT-BFZ, TORBTRENBELTERLI L,
(2) BHE (10 A~12 A) OB LT, 1980 #4
I RE R 50 km? & EFE B X 5 AR O AL
XFEAEBESN TRV &, (3) BAEADIRF D
RABMY, BRERICHE BT R U TRORE
BUEHSE T, 1998 £ELIE, TREEUZIIT 2 RIZEDRIK
izt LTI 2~ 3 fBICPER L7z 2 &, (4) 2001 FELIRED
KEBROBETIE, BROEEBEZTZ2IABIV
£ZF (1 A~2 R) 2R\, HEEICESRBEIERAS
NTNBZ L, (5) 5 -2D—HRIH> & H B R~
FEBAREITIL, P72 &b 1980 SR, K&
BAMREONZNT & (KEETHFEHEER, 2001a) 2%
BT5E, AR CREORELMES L5 2ED
B OELE, 1998 L%, R EINST< 2o
LRI ND, £, FORBE, REROBE~D
HHsm AR ENHEM L (Fig. 7), HREIBRKT LEOD
KB FEENCIT, VEEICHER LA O SR EE
L ABMBMEBEOHEIMI L > T, KB TABEKIHE
ETBE IR EEZLND,

PLED X3z, AREBRIICRIT 5REE I OCER
FAFREE BTV BB ERE, 1998 FRIRIC

FELEL#ERSIND, L2b, TRTHRASHOD
FEASMEEN O RE SN TV EEEND DREERER
HEOBEKRKIZL > TE LS D TIH2< (cf. Diaz and
Rosenberg, 1995), BB HHHK I NI R0l
TEMNEELTWREEZDLND, TOKL IR 1998 F
#iig iz, ARERTICE T 2IEEREOMENLRL/
2o b LY HRBMERANY PV BRADLHER
ThiE, 1997 F 4 BICHABRBERONE TH S8
BEIZB W TRb iz FREEIIE S BRITEEO
xS, wEROMBEESIZREIL, B
FICHEE 52 9 BRHBMERA N2 MIEE THRW,
ELHR TEBOMD X V1%, FREREEAO
HEEHALBFEBRRICRBO T, ERICTIHE
DFED 0%REDORLBBLE LN TWD (BOED,
2004a, 2004b), Z OHBAEEE ORI, TIFHIRIC
B oMENRRE CTROES RORHERH Y (FRT =
T b, 2002), HPAESKEEICONS D%
EMBIRA LMK, W OFERTS L OERICL S
KFEHERIE £ o TEOIH EA~BRILE L T < GET
LLTRLBEERER CH D (IRE - TH, 2004; FF
A, 2004; 3£ 5, 2006), KETIZ L 2 REAGREDOHFHE T
i3, HEEE OB IOTONET, WiXTE OO
V1%, BIFRORKRFEIKE T 2 m & T 10~30%2
ERD L= 2 L BBRI SN TV D (KEEST HFEHEERD,
2001b, 2001c), Z DHWEEE NI L OE DME DIFK
X, #ido THEREREEETA~FA Lok, WOk
BRI L OIS & BKFIEEIC & > TERE A~
BREHLTOIEHE LTROVEEREBIR II5F
N5,
HELOEZITRBOMOEVIZL-T, TOMBK
OBFHDOBD L &, KFIZ &> THRAERMHER
WZFAN LT MK D ¥ OERJ5 18~ DRI & D KR8
OHBITF/HOLND Z LD, W0 - FES (2005) 13,
W OEBFIIVEIR, Thbb/hSRERADIT
THHONHDT, WARBIR 2D LHERLTY
5, Lo, HREBOWMZTRMIOMDEVIZL
BEEOBE, AREBRITICBT HHERSZHD,
RBHEE ZRIE L7eDs, BB Roalliiod & T,
NEBRAEODRRIKRELRY, BARBRIIR 2o
LR IND,
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LU0, BUROFRMERT T, BOREN
R S NT-RRZ, KEEZRBAEA L, BEEOERET
RRHEFIC DT > TEBE KB FEE L T 5 (Fig. 3).
BHOBBAEREIND L, MALEZRBEOREE S
BEIABHK THERINIS S RY, REOXRE
BREER—BOIZAMICER L, REFTEEER
BRY 725 TREMERFRMORELHEL (1B, 2006), X
bz, KFROERBRT LI, FOZ LPREO
FE LB TOmE~NLE T 5 HEBYEOHKER
%, EBOBRHEESMINIET, BBEARED
FE & 720 T B, Bl b OFRBHTAZOHEMIZL,
Dl LH 1970 ERBEL VHREICESLE THPET
ITE X TV WO T (32, 2005b; 525, 2006), )11k D
WA & D RE S 2 B E 2T g, RBoR
A LI REBRBMREL, FRETEETIIX
FTHRV, Lo T, WOBRIKOSENRKEL 2
v, WKZBRENRBL Lo TH, BROBIIZ LB
[ DRAIZT R RRBORELZTE, EEDERBIZ
B DIRHHARERFKDBEELRLRRIZ25, &
FETHELZIBIT DHZITRBOEOEVICL5H
WMOWAE, TOXIRAN=ALEEBLT, AP
BEROERRA~KERBEIEZ L0 THERER & 2o
TW3EEZ2Hh35,

HEBTHEELEZZITT D BHKES R, SUNBE
ROR— b= BT, TEBADRBHRLIHET LT
WBHDIE, BRSOV I L > THEHIBEOKRBE
BEI L2 b TS Y /A2 L5 BRICS
LT, EEROBBEERFAEDOHEREZAVT, TZhZ
TOFEI ST, BIZR OV ITEEES L
o b DFERIIBONTOER A, | LBRTWVS (FUM
BERAR— L=, 72, ERME, %Y BEEHR
FAEOBRIZESIRFT LY, T“ABHBIZRBIT 5B
BEIE, 1990 ££~2000 2T TIRERE T L= 2
EBRbNBEOWELHVET, ] ik, - TR
(2004) @ 1990 %E~2000 I F T B RIBEDELDK
SEoMREBEHL TS, L, s L 31z, &
WERRETIZ, BA1E, FREHIATHOTNIE
DEAKFAETHY, SHEAOESEZRETEIRAE
WREZEDZ LI LL (Fig 11), RBEOREL/L
EREATT D Z LI RAEETH D, B - TH (2004) OFiE

s« AR kA -

- /hRE - B35 - R

PRI, ABNBICR T 2B ERD ORI L 13720
272N,

5. HbHYIC

BRI TR R & BB 1997 LA, &
WED L 5 MEZH T 5 EEE BRI A HER
WMTEoLIThb TR, FD7, BZiTE
ik & 0 ORBIZ Lo T, FEROBEEEZSN
T OBAREX OB ERIZHET S 2 LI3# L
WV LLRBL, RFRERART LI, HED
FOAMREE TIX, RBEENER SNIZRE CLEHE
Kblo THRENBEEL, EEDOKRB CHABI KN
ALTWD, ZOLIRBERPELRIBERBERL LT,
BEDELITINTELEIOBRTEEXS L5272
iEEZLONRNL, HREHONEHSEETER T
RELTWHERRES S, FIA72 NANFEEOE
#IZ L > TAELTW5 (Diaz and Rosenberg, 1995),

HRBREIZBIT 2R ORD & EEE0RiEr
bl b HBHEFOREWEDA NV LT, %
EoD—EOHRFERLY, £/, RELEBEEKD
BENEEIZ 2o TR LHBT LT, HEEHZ
TSRO EVORER b oL b RERFAREMEL LT
EFohb, ZORRBROFELZHAREIZTS-DIC
i%, 2002 FF 4 A~5 BIZiT b = % 2 R
FEL, FHBRTCREBESDETIZL > TREHE
ENRS DR EETe 6 A~8 AR L ONaHIH
(10 H~12 R) 4772\, MEL %2 &LcH R OWE
FERE DB LR R O~ B S IZh T Bl
BB 2RO B A FMCANET LER S B,

BRI, BARICBIIBZREKRD . VEHERET
BY, BARBNEORERIEETHD, REETHE
FEIZ Lo THER SNSRI BEM AP (HEFER
45 BH) SR LT, TRETRLIDIKERRE
BEBEOCXR, TNODWRE, EWMEEEOEN,
R, TNLIIXZ LN TEIBEHREER, 4,
KB IRE & BEEFKDIEIL L o THELTDOEHEIC
BLTWA, 2T, 572%, HEEBETHEEIZLS
B TR OFRAE~OEELHAEL, TOFED
EEAZMELETLERD S,
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AWM EAEA B ER IR & OSCHRE
BRI BB SRR B I L 2 AR EETITR
bit, RET—&13, NREREEER L ER
REEEZ T, ARERE 4 ROKERROFAERFR
BB (RIGRRAKEARS, EERARKERREY
& —, (&R EEERNTE v ¥ — AR 7ERT, &
RBIKFERFZE 2 o & —) 12 & BRI ERTAE DRERIZO
W, RSHATEIE N KER G & —HiERIK
PERRZEAN & 0 ERtOREEE 2T =, AREOKEHRE
i o TIE, REARRS KPR AFTIBEERT
WREQRBM BETF, NI, &M ERE HER
72, NI i, B —E, St B, (LB X, b
VBB R REBKER B AR O A —EDFKR5
WIZEEAT Ol O WERFEMEE DB N 2Bz, wIXD
FEBEBIZ OV TIE, Mr. Richard Lavin (REARIIK
EEERER LA ) (TEE L OV e TEW e, BURE D %
CRERPOEHOBEZERT,
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Mechanisms for the Expansion of Hypoxic Water
in the Inner Areas of Ariake Bay during Summer

Hiroaki Tsutsumif, Aya Tsutsumif, Atsushi Takamatsu?,
Chizuko Kimuraf® # Sayaka Nagatal, Masanori Tsukudaf,
Tomohiro Komorita**, Tohru Takahashi'", and Shigeru Montani**

Abstract

In the inner areas of Ariake Bay since 2001, we have observed / hypoxic wa-
ter under the halocline of the stratified water in high temperature conditions
during June and July after the rainy season. This hypoxic water has expanded
throughout the inner areas of the bay, and the DO of the hypoxic water has
decreased further. Such hypoxic water is caused by an increase in organic dis-
charge to the seafloor, due to the occurrence of large-scale red tides. Since the
organic matter content of the sediment tends to continue to increase in the in-
ner areas of the bay, the hypoxic water will develop further in the near future.
Nevertheless, the large scale of the red tides was not caused by an increase in
nutrient loading from the land of the coastal areas of the bay. The red tides and
hypoxic water commonly occurred when the water was stratified by a decrease
in salinity in the surface layer. In the inner areas of the bay, large-scale red
tides have occurred in autumn (October to November) since 1998. It should be
noted that the gates of the dike were closed in Isahaya Bay, the inner part of
Ariake Bay, in 1997. It is very likely that the closure of the gates of the dike /
decreased the tidal currents in the inner areas of Ariake Bay, strengthened the
stratification of the water, enlarged the scale of the red tides which occurred
in the surface layer of the stratified water, increased the organic loading to the
seafloor, and thus caused the hypoxic water during summer.

Key words: Ariake Bay, hypoxic water, organic enrichment, red tide,
sediment, stratification
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