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Fig. 2. Cross section of water (temperature, salinity, density, DO) in Ariake Bay in August 2001.
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Fig. 3. Variations of cross section of water in Ariake Bay from September 2001 to February 2002. (a) tem-
perature, (b) salinity.
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Fig. 4. Variations of cross section of water in Ariake Bay from September 2001 to February 2002. (c) density,
(d) DO
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Fig. 5. Variations of cross section of chlorophyll a
in the water in Ariake Bay from August to Decem-
ber, 2001.
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Fig. 7. Fluctuations of (a) salinity and (b) chloro-
phyll a concéntration of the surface water (0 m in
depth) at the innermost areas of Ariake Bay from
September to December 2001.
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Fig. 8. Fluctuations of the nutrient concentrations
of the water in Ariake Bay from September to De-
cember 2001. (a) nitrite and nitrate (b) dissolved
inorganic phosphate .
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Z0# 1 PA%RO 11 A, HHESE TR DR
g4 L= (Fig. 5, Fig. 7(b))e '
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Fig. 9. Monthly precipitation at four different

places on the coast of the innermost areas of Ari-
ake Bay in autumn from 1999 to 2001.
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Fig. 10. The relationship between mean precipita-

tion within thirty days before red tide blooming at

- four different places in the coast of the innermost
areas of Ariake Bay and red tide scale index.
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Table 1.
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Mean precipitation within thirty days before red tide blooming at four different places on the coast

of the innermost areas of Ariake Bay and red tide scale index of the red tide with the maximum areas of more
than 50 km?. The results of precipitation and red tide are baséd on the weather report of the Meteorologlcal
Agency and ‘the. annual reports from the Kyushu Flshery Coordinate Ofiice (1991 to 2002).

Drrition of ci Clnnnu Yanagaw smmln 4| Mom mmn o] MEx- ¥0a Fod tide | Rod tid by | Rod tide
) .“m (@) | agum) | Gue) m {mm) Ho. I(hn’) scale index]. “""“‘b’
&Fﬂ‘l&m- 131 130 140 134 134[|Oct 1990} SA-11 | 8 1o | .
Sep.10 10 Oct.S,. 80 101 1‘ss|‘ 131] 118]| Oct. 1991 FO-18. | .12 1 O
L A . ) Oct 1991] SA-1 | 27 2000 54000 O -
- ‘ _Total. | 4. SA _
659 w Oct 8, 76 ‘msl s 151 104 | Oct1992] FO-12-] 4 syl 24 O
1992 : : Oct. 1992] SA-12 | 15 20 32006 O
. . Towl |.0. . 3,436 j
AguSep2s| pg ozl o  m§ slowwm|sam| e [ s 200 O | O
Sep 90 Oct.13, 384 26| . 300 242 | 257|| Oct. 1995| KNI} 2 -50| -1 Q
1995 +1 | Gct 1995] Sa-07 | 8l 2000 ' 16:300] ' 0
'f Tl |. 4_._16,‘330{.‘ e
U3 218 228 262]  262][ oot 1997] KM-12| 43 2000 s&0 O 8]
Sep.ltodf, 1997, . Oct. 1997| 8A<06 || 23 108 © 2484 O o]
T . . Jfoml | {11,084 ‘
Octd oNov. 8, | . 142 122 143 152]  140( [Nov. 1998 RM-24 ]| 22 (800 17600 O -
1998 . Nov. 1 FOm|[ 2 120{ 2.‘;76‘:] O
Nov. 1998 .SA-09.| 28 L% 400 O
. _ Total T 21,760)
Aug24to Sep.22, 615 411 a17]  937] 595]{ Oct 1999 EM:4| 6 400 z,-mo' [e)
1959 : Oot. 1999 KM:15 | 4 300 L2000 O
Oct. 1999| KM-16| & s00| - 315000 O
Total 35,100
Nov.l to Dec.6, 189 194 155 255]  198[| Dec. 2000] XKM-24 | 126 4000 50400 O
. 2000%2 . Dec. 2000| PO-16 | 110 17| 12810 O
Dec. 2000] SA-17 | -122 ] ~ 200] Z4400, O
. - _Total 93,610]
Oct.8 to Nov.6, 215 154 224 301 - 234] |Nov.2000] XM-25 | 39 400 15600 O
© 2001 ' FO-17 | 19 mf 39 O
sa-0| 2 200 4400 O
Total 23,249/

*1 precipitation within 43 days before rod tide blooming

OB E MR Uiz, 2000 £ 12 BlcHIEERTREL,

J ) MAERFIZK B R BER B % B L= Rhizosolenia
imbricata, Chaetoceros spp. BiE UH L T 2EWND
7l OKEEFF MM RIS EERT, 2001) OIS
FE® 11 B ok, L@ 4 AFOBRRIC SV
T 151~242 mm, FEEMHD 2.3~3.0 fZ128 Liz. 1999
FEizi, 9 5 OMkED 289~725 mm IZBLTED, 9
Btgf~11 Bz pit, Bl RlemiiEE Ty
2D, Skeletonema costatum, Chaetoceros app. &
YOI L AR HEEE R T RS U (KET
SRR RRETT, 2000).

1990~2001 £ 9~12 H ORI, MAR, EWR,

e T

*2 procipitation within 36 days before rod tide bioceni

ERROE NG CHE X W= BRE) 60 km? Bl EO7HR
M DNT (KEEFFA RSB, 1091~2002),
FMOIEEIE BT 2K L UT TRMREasy
(FREDBKEM X RAEEH) R, FWORLEIRE
Bxhi=B 50 30 BaTE TORIIERED KD
Bk Ik & OBNE £ M= (Table 1, Fig. 10)o 38, &
IR BR MK RIS, BEMASLET, Wi,
ERIEEE, RRRBRT B0 5 ST om R
MRERO B TRE L. =EL, 1995 E 10 A8

L7 2000 4E 12 B imR&E LRz oW TiE, Ehe |

NI 43 BIRIS XU 36 HATR D ARIDINE h
Teis, TORMRETERV LELIMORE

)
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5 43 BAIB XX 36 HATECOMKRERDE, £
=, TIRESE a8 DRI S, MR, ERR,
ERRTEhZhERRICRES hi=R#liz oW T,
BHEMEESH L TRA—DREOREL A2 Ui,
1997 FELFI DT —4F Tld, TS EESEL L TR
FEERTH 1 DB EDREKE ) L ORI EDIERIES
BHESN 3 (r? =0.490)c TN 5OTHMDHT, 1993
£10H, 1995410 B, 1997 ££ 10 Bl &4 L&
3 B DR DS, TREREGH 1 DB ORKR ) &
234~297 mm T, MR#FEEREE X 1995 F£10 50
16,300 BB ATH 510 Fiz, 1094 £33 KTF 1996 i
ik, 9 A~11 A OAERERARRO H HEK RS
THhoHS 100 mm ZELTHES T, BAHEB50 km?
YRR T 2REREOHERE 1 L RP2EDT,
THRMASE a8 IZRHE T &b ok, —7, 1998 5L
DT — Tik, 1998 4511 H, 2000 £ 12 H, 2001 ££
11 BicRE Ui oBRS, TR LR OKE ] D
140~234 mm T, 1993 F£~1997 ££D 3 [H DM DL
ALHEBLUTIHEALY, Thib s RVWEBKRTH
Bizy bbb ¥, TR ERES0 & 21,760~93,610
L. £, 1999 £ 10 B OfREOES T TRES
- ERIY 1 D EMOMKR) 2595 mm K& L. £h
T3 1997 EELFIOF — & 5RO THREFEERES
b TREREATN 1 A oMKE OHBIBRIZE
7% TIR@iFELEIES Off (26,521) &b, 1999F 10 A
O RSSO (35,100) OF D EE STV 3.
TOLSI, 1998 FURE, KEICHE LRI,
ZTNUFIO THREFELERR 1 2 EMOMAKR) 5T
BENZEMED HIEZPEREMEDLRSTY
3T rbhbbhrd, ZORMORFREOBRRIELT,
108N 2T EROEXBLOETTH
%, L Lizdss, BB, £, A&, Z8
2 O—EN O DR T 3 FHERBICBNT,
W OERRTRS L UH)IIKOBER - R V#E
PoEHXhZM)IDSEHERBEE~OERS &
B L ORERRIE, 1980 £RUBEAEREMHFRS
hizv. BY Y oAHRICODWTIRBVERTSRS
T LHTE B (FKEEFFHREHEESR, 2001d)e L7EAS0T,
EEQHREOBMDIEAT 2EACH 2 L 2, B
DERBLOETTHAT I LT ERN,

S, AFMRRENEERETIRELLT,
AR BIT 3 2001 £ 10 BOKEOWERGRICHEE
LJ=o Fig. 8 o7k L= H B QWK DR BEERE DR
EREDPOYNTIL, YT S Y b OMIEICE
U VB VHGRRIT, ZOBRICBTEY TS
7 b ORETAEFREREROBETHEIZ VTV
LBREhz, L2 AN, 2001 £ 10 HioKEHIRE
Ui i, AREEREOWRTIRAROM)IADH
Al Lo THBRBEROMED SHIZEINL, BER
WY ) VEREY) L O TFHBSL Y R 4=
ki (N:P=16:1) (945, 1991 B) [EVEIC R o= L
E#ibh3, LENK-oT, AHEORBEETIX, K
MORLE L-EEKE, KEOA)IKOEAKLL->THE
W75 by ORMBECFR L TWEBFRIFMER
HtaEh, REORE LT VEED—RKICIED
HxhaZ bbdgiiahs. .

X5z, HFHEBORBEHIZE T 3 EMBAROR
ECHEELTERLELSIC, HEBOWMSZITREGY
Y b icf-T, BB 2R ORED
WL TWD, FEAK (2002a, 2002b) &, EIMETK
R O#IW OIRIED 2000 FEI2iX# 8.5 cm @A LT
LB LTV 5. BWERBIOREORDE, MWD
HHOBMDES =5 T, MEBOWRIT RO
%, KETITHROEE 2 micBI 2 RAMEE, ¥
SHRBAORIE T 80~90%, HMEREOSB LT OWH
BT 10~30%RERD Li=Z LBERETh TS (K
EEFFIMAEHETERS, 2001, 2001c).

A B B WARENT B LT, REEED O
ERRAOFEIEHEhTWS (L, 1980). FHAE
IZHA LishEkix, MAROKERZRE~LIE
T3, —H, R0k, REROBREENERM
FTLT, AHEEOHD (REiEE) O 5~HKh5. #E
BoBOs L EoRE0MEEIE, TR HRE
SR B READFHM T 2REREICH > TNB. Ll
HoT, EEEOBIUEOHSIZBT 3 TITEKD
FEKOWEOBD I, KREIC &> THFHERERES
RO LR T WEES - MARBEME 0B EK
MERE =k, £ OREKSREEED S FHED
HOFEARHUE D, Al 5@A LZEES - 5%
EEWEOWKLBETI0OEELE DI LicoRH
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Studies of the Cross SeCt‘ion of Water in the Innermost
Areas of Ariake Bay with the Recent Occurrence
of Hypoxic Water and Red Tide.

Hiroaki Tsutsumi*, Emiko Okamura®, Mitsuyo Ogawa®, Tohru Takahashif,
Hitomi Yamaguchif, Shigeru Montani*, Naoko Kohashi},
' ‘Takahiro Adachit, and Toshimitsu Komatsu®

Abstract

In the innermost areas of Ariake Bay, on the west coast of Kyushu, hypoxia of the bottom
has occurred during the summer since 1997 and red tides have occurred more frequently
. since the 1990s. We monitored water conditions in Ariake Bay monthly from August 2001
to February 2002 (i.e. vertical profiles of salinity, temperafure, DO and chlorophyll a, and
nuirient concentrations in the surface layers). The results of our studies indicate that both
‘the hypoxic water in the summer and the large scale of red tides of diatoms in the autumn,

_occurred after heavy rain fall.
The processes appear to be as follows: o
1. Occurrence of hypoxia of the bottom water during the summer: Heavy rain during the rainy
geagon results in an inflow of a large amount of fresh water from rivers causing stratification
of the water column to develop. Lower salinity and higher temperature at the surface from
the heavy rain and strong solar radiation during the summer then causes hypoxia due to a
lack of mixing,. ’ ‘ :
9. Large scale diatom blooms in the aufumn:’
Heavy autumn rains cause the inflow of a large amounts of fresh water from the rivers which
contain a high concentration of nutrients. The stabilization of the surface layer of water with
low salinity and high nutrient concentration results in the diatom blooms.
We further suspect that the water in the innermost areas of Ariake Bay has become more
stagnant than before due to the construction of a dike in Isahava Bay, which is located in the
inner bay of Ariake Bay. The restriction of water exchange in the innermost areas of Ariake
Bay may have caused these two phenomena.

‘Key words: Ariake Bay, red tide, hypoxic water -
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