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Abstract: The inner part of Isahaya Bay was isolated from the rest of Ariake Bay by a reclamation dike in April, 1997.
Thereafter, several changes in environmental conditions, such as a drastic increase in red tides and hypoxic water, were
observed in Ariake Bay. We periodically monitored the number of species and mean densities of bivalves in two regions:
(1) 20 fixed stations around the mouth of Isahaya Bay from June, 1997, to November, 2003; and (2) 24 fixed stations
around the mouth of the Mizunashi River, Shimabara, located about 20 km south of the mouth of Isahaya Bay, from
November, 1995, to December, 2001. In June, 1997, hypoxic water masses appeared in both the Isahaya and Shimabara
regions, and most of the bivalve species distributed near the hypoxic regions decreased rapidly from 1997 to 1999. The
number of species and mean density of bivalves reached a minimum in June, 2000, in the Isahaya region and in
December, 1999, in the Shimabara region. Thereafter, since 2000, these values have been increasing in both regions. In
the Shimabara region, most of the species dominant before 1999 recovered by December, 2001. In the Isahaya region,
however, hypoxic water also recurred in June of both 1999 and 2001; there, only a few bivalve species increased rapidly
at first and then subsequently decreased in abundance until November, 2003. In conclusion, if there is no amelioration
of the environmental changes that have been occurring in Ariake Bay since 1997, we predict that a few opportunistic
species of bivalve will continue to increase rapidly while other species disappear completely from the Isahaya region.
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Fig. 1.
southern Japan.

Locality map showing Ariake Bay, western Kyushu,
A: 92 fixed stations for sediment sampling
conducted in June, 1997, and June, 2002. B: 20 fixed stations in
and around the Isahaya region for sediment sampling conducted
from June, 1997, to November, 2003. C: 24 fixed stations in and
around the Shimabara region for sediment sampling conducted
from November, 1995, to December, 2001. Dark gray areas, land;

light gray areas, tidal flats.
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Table 1. Sampling conditions of each station and data of temperature, salinity, and DO from the surface and bottom water layers in and
around the Isahaya region.

. . Latitude, Depth of Depth of o ..

Station No. Date, Time Longitude water (m) measurement (m) Temperature (°C) Salinity DO (mg/l)

1 surface 4 June 97 N32°57.99 0.48 21.22 29.48 7.83

bottom AM 10:55 E130°14.99’ 27 25.06 19.23 31.31 5.93

2 surface 4 June 97 N32°58.01" 0.40 20.89 29.86 7.69

bottom AM 11:08 E130°17.00 12 9.60 19.62 31.01 6.64

3  surface 4 June 97 N32°58.02" 0.41 20.50 3091 7.95

bottom AM 11:23 E130°19.02’ 18 16.33 19.37 31.39 6.80

4  surface 4 June 97 N32°58.01" 0.55 20.56 30.68 7.10

bottom AM 11:36 E130°20.99’ 28 26.03 19.08 31.83 6.46

S surface 4 June 97 N32°55.97 0.51 21.82 29.60 1.39

bottom PM 1:48 E130°16.98’ 21 19.42 19.33 31.18 1.43

6 surface 4 June 97 N32°55.97 0.47 21.85 30.05 0.36

bottom PM 1:35 E130°18.99’ 23 22.35 19.11 31.71 1.66

7 surface 4 June 97 N32°55.99 0.44 21.52 30.61 0.29

bottom PM1:19 E130°20.98’ 25 23.42 19.18 31.68 10.69

8  surface 4 June 97 N32°55.96 0.51 21.98 30.26 8.02

bottom PM 1:03 E130°22.94 14 15.70 19.08 31.87 0.03

9  surface 4 June 97 N32°54.96’ 0.64 22.00 29.26 1.28

bottom PM 2:23 E130°14.00° 9 7.62 19.99 30.40 1.43

10 surface 4 June 97 N32°54.97 0.45 21.85 29.45 0.63

bottom PM1:59 E130°16.00" 14 13.42 19.74 30.70 6.78

11 surface 4 June 97 N32°54.01' 0.62 21.79 29.51 1.10

bottom PM 2:33 E130°13.01 7 5.19 20.52 30.19 6.91

12 surface 4 June 97 N32°54.01" 0.44 22.89 29.30 0.85

bottom PM2:54 E130°15.02 7 6.11 20.48 30.10 1.26

13 surface 4 June 97 N32°54.01" 0.34 21.27 29.63 8.16

bottom PM 3:16 E130°17.01 17 15.02 20.20 30.43 6.52

14 surface 4 June 97 N32°54.00’ 0.69 21.80 29.94 8.18

bottom PM 3:30 E130°19.02’ 31 28.08 19.01 31.87 6.44

15  surface 4 June 97 N32°53.97" 0.47 20.74 30.93 8.22

bottom PM 3:43 E130°21.01’ 34 31.70 18.98 32.01 6.27

16 surface 4 June 97 N32°54.00 0.35 22.09 30.84 8.42

bottom PM 4:21 E130°23.01 33 31.02 18.85 32.34 6.65

17  surface 4 June 97 N32°53.01 0.55 22.74 29.25 0.66

bottom PM 2:44 E130°14.06 8 6.14 20.54 29.87 6.87

18  surface 4 June 97 N32°52.98’ 0.44 22.09 29.98 5.87

bottom PM 3:06 E130°16.02° 8 5.82 20.15 30.44 6.47

19  surface 4 June 97 N32°51.98’ 0.48 20.84 31.02 7.45

bottom PM 3:59 E130°20.99 12 10.79 19.57 31.70 6.97

20  surface 4 June 97 N32°51.98' 0.45 20.00 30.81 7.18

bottom PM 4:37 E130°22.98’ 42 40.42 18.78 32.52 6.70

1 surface 9 June 99 N32°57.99’ 0.35 22.52 26.10 7.78

bottom AM 10:23 E130°15.01" 25.0 23.43 19.84 32.88 4.01

2 surface 9 June 99 N32°58.01" 0.30 22.87 27.09 8.33

bottom PM 1:27 E130°16.99’ 8.7 7.99 20.17 32.40 4.01

3 surface 9 June 99 N32°57.99’ 0.31 22.90 28.23 8.11

bottom PM 1:42 E130°19.03’ 16.5 15.55 19.95 32.79 2.10

4  surface 9 June 99 N32°58.05" 0.34 22.04 30.01 7.11

bottom PM 3:43 E130°21.02’ 26.1 24.20 19.95 32.94 4.41

5  surface 9 June 99 N32°56.03’ 0.42 23.42 26.80 8.36

bottom PM 1:07 E130°16.97 21.4 20.32 19.90 3291 4.22

6  surface 9 June 99 N32°55.97 0.37 22.76 27.75 443

bottom PM 2:00 E130°18.97 24.1 23.09 19.89 33.02 4.36
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Table 1. Continued.
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. . Latitude, Depth of Depth of o ..

Station No. Date, Time Longitude water (m) measurement (m) Temperature ("C) Salinity DO (mg/l)

7  surface 9 June 99 N32°56.03’ 0.33 22.24 29.44 7.94

bottom PM 2:58 E130°21.00 26.1 24.64 19.90 33.05 4.37

8 surface 9 June 99 N32°56.01 0.41 21.08 31.95 7.64

bottom PM 3:37 E130°23.01" 15.1 14.87 19.96 32.99 4.30

9 surface 9 June 99 N32°55.01" 0.38 23.46 26.66 8.14

bottom AM 9:36 E130°14.00’ 9.4 8.08 20.29 32.37 3.60

10 surface 9 June 99 N32°54.96 0.35 23.23 27.10 7.84

bottom AM 11:03 E130°16.04 14.9 12.73 19.88 32.90 2.11

11 surface 9 June 99 N32°53.99’ 0.34 23.41 26.08 7.86

bottom AM §8:31 E130°13.00 9.0 7.42 20.65 32.00 3.43

12 surface 9 June 99 N32°54.01" 0.30 23.03 27.06 7.73

bottom AM9:18 E130°14.99’ 9.1 7.33 20.35 32.23 4.19

13 surface 9 June 99 N32°53.96’ 0.35 23.64 26.70 8.13

bottom AM 12:00 E130°17.01" 15.3 14.44 20.10 32.62 4.22

14  surface 9 June 99 N32°53.98’ 0.40 22.66 28.02 8.16

bottom PM 2:21 E130°19.00 30.7 29.97 19.90 32.94 4.32

15 surface 9 June 99 N32°54.00 0.38 22.59 29.07 8.05

bottom PM 2:39 E130°21.01" 34.1 33.00 19.88 33.09 4.47

16  surface 9 June 99 N32°53.94’ 0.47 22.35 30.04 6.49

bottom PM 3:57 E130°22.97 36.9 36.23 19.95 33.14 4.54

17  surface 9 June 99 N32°52.97 0.24 23.45 26.09 7.94

bottom AM 8:54 E130°14.01 9.1 7.82 20.72 31.84 3.68

18 surface 9 June 99 N32°52.97 0.30 23.19 26.92 7.19

bottom AM 11:25 E130°16.01" 7.7 6.03 22.54 28.12 3.67

19  surface 9 June 99 N32°51.98" 0.42 22.39 29.18 7.42

bottom PM 4:36 E130°20.97 14.5 13.03 20.12 32.84 4.65

20  surface 9 June 99 N32°52.00 0.35 22.19 30.54 6.64

bottom PM 4:18 E130°23.00 435 43.15 20.01 33.21 4.57

1 surface 13 June 00 N32°58.01" 1.12 22.36 28.01 9.33

bottom PM 2:57 E130°15.00 10.6 9.39 20.05 31.66 5.58

2 surface 13 June 00 N32°58.05" 1.02 22.95 27.73 9.64

bottom PM 3:12 E130°17.15’ 9.6 8.28 20.20 31.39 5.53

3 surface 13 June 00 N32°58.00 1.21 22.06 28.85 9.35

bottom PM 3:26 E130°19.01 17.4 16.22 19.74 32.27 5.63

4 surface 14 June 00 N32°58.00 1.15 20.96 29.89 8.07

bottom PM 1:26 E130°21.04’ 24.5 23.44 19.76 32.43 5.89

5 surface 13 June 00 N32°55.98’ 1.06 21.06 29.95 8.10

bottom PM 3:45 E130°17.00 224 21.13 19.60 32.60 5.81

6  surface 13 June 00 N32°56.00" 1.04 22.36 29.26 9.96

bottom PM 4:02 E130°18.98’ 24.7 22.78 19.64 32.64 6.09

7  surface 14 June 00 N32°56.00 1.08 22.51 28.29 8.93

bottom PM 2:32 E130°21.03’ 24.8 23.22 19.76 32.52 5.97

8 surface 14 June 00 N32°55.99’ 1.08 22.44 29.12 9.26

bottom PM2:14 E130°23.00 13.4 11.85 19.76 32.55 5.98

9  surface 13 June 00 N32°55.00 1.06 22.18 28.46 9.69

bottom PM 1:38 E130°14.00 8.9 7.44 20.08 31.63 5.20

10 surface 13 June 00 N32°55.01" 1.08 21.92 28.62 9.09

bottom PM1:19 E130°15.98’ 14.1 12.75 19.76 32.20 5.55

11 surface 13 June 00 N32°53.99" 1.09 22.06 28.21 9.44

bottom AM 11:45 E130°13.00 7.3 5.73 21.56 28.74 9.23

12 surface 13 June 00 N32°53.97 1.01 21.73 28.73 8.94

bottom AM 12:09 E130°14.99’ 7.7 6.47 21.36 29.11 8.37
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Table 1. Continued.

. . Latitude, Depth of Depth of o .

Station No. Date, Time Longitude water (m) measurement (m) Temperature (°C) Salinity DO (mg/l)

13 surface 13 June 00 N32°54.03’ 1.11 22.23 28.55 8.84

bottom PM 1:06 E130°16.99 16.4 15.11 19.97 31.93 5.98

14 surface 13 June 00 N32°54.04" 1.09 21.04 29.88 8.03

bottom PM4:19 E130°19.00 314 30.16 19.65 32.72 6.10

15 surface 14 June 00 N32°54.00 1.08 22.29 28.43 8.99

bottom PM 2:50 E130°21.00 335 32.08 19.69 32.69 6.09

16  surface 14 June 00 N32°54.00 1.19 20.97 31.20 8.14

bottom PM 3:05 E130°23.00 32.8 31.42 19.71 32.72 6.06

17 surface 13 June 00 N32°53.00 1.09 21.72 28.27 9.07

bottom AM 10:39 E130°14.00’ 8.7 7.49 21.36 29.41 7.82

18 surface 13 June 00 N32°52.99 1.08 21.41 29.12 8.50

bottom AM 10:19 E130°15.98’ 8.9 8.56 20.78 30.43 6.78

19  surface 14 June 00 N32°52.01" 1.02 21.84 29.86 8.75

bottom PM 3:52 E130°21.00 13.0 11.97 20.04 32.19 6.61

20  surface 14 June 00 N32°52.02" 1.04 22.44 28.83 8.86

bottom PM 3:39 E130°23.01" 41.8 40.69 19.71 32.77 6.03

1 surface 6 June 01 N32°58.00 0.13 21.76 31.75 7.41

bottom PM2:10 E130°15.00 25.3 24.09 20.19 3243 6.63

2 surface 6 June 01 N32°58.00" 0.21 20.95 32.23 7.23

bottom PM1:55 E130°17.00 8.9 7.24 20.48 32.27 6.97

3 surface 6 June 01 N32°58.00 0.37 21.71 32.06 8.17

bottom PM1:39 E130°19.00’ 15.5 12.18 20.27 32.38 7.26

4  surface 6 June 01 N32°58.00 0.45 21.28 32.31 0.05

bottom PM 1:50 E130°21.00 28.5 28.92 20.19 32.52 0.08

5 surface 7 June 01 N32°56.00 0.25 23.27 32.16 8.77

bottom PM 1:20 E130°17.00 22.2 21.16 20.31 32.53 6.86

6 surface 6 June 01 N32°56.00 0.38 21.14 32.25 8.24

bottom PM1:20 E130°19.00 23.0 21.19 20.14 32.53 0.27

7  surface 6 June 01 N32°56.00" 0.28 21.11 32.42 0.20

bottom PM 1:04 E130°21.00 26.2 25.28 20.14 32.54 0.21

8  surface 6 June 01 N32°56.00 0.31 20.82 32.58 8.24

bottom AM 11:50 E130°23.00 15.4 14.83 20.27 32.62 0.21

9 surface 7 June 01 N32°55.00 0.33 22.19 32.05 8.63

bottom AM 12:08 E130°14.00 11.1 9.72 20.61 32.31 6.78

10  surface 7 June 01 N32°55.00" 0.27 21.21 32.22 7.76

bottom AM 11:50 E130°16.00 16.7 15.38 20.45 32.40 0.55

11 surface 7 June 01 N32°53.99’ 0.24 21.38 32.07 6.91

bottom AM 10: 40 E130°13.02 10.8 9.49 20.66 32.26 5.77

12 surface 7 June 01 N32°53.99’ 0.25 21.35 32.31 7.68

bottom AM 10: 56 E130°15.00 11.5 10.25 20.59 32.33 6.94

13 surface 7 June 01 N32°53.99’ 0.28 21.71 32.26 0.09

bottom AM 11:14 E130°17.00’ 19.9 19.01 20.27 32.56 0.07

14 surface 6 June 01 N32°53.99’ 0.31 20.55 32.57 7.52

bottom AM 9:37 E130°19.00 335 31.57 19.89 32.79 6.89

15  surface 6 June 01 N32°53.99’ 0.33 20.64 32.45 7.78

bottom AM 9:57 E130°21.00 36.7 36.12 19.69 32.93 7.51

16  surface 6 June 01 N32°53.99’ 0.34 20.87 32.46 0.23

bottom AM 11:01 E130°23.00 34.7 34.49 19.72 32.89 0.18

17 surface 7 June 01 N32°53.00" 0.31 21.59 32.06 8.06

bottom AM 9:40 E130°14.00 11.8 10.71 20.65 32.29 6.91

18  surface 7 June 01 N32°53.00 0.24 20.67 32.38 7.12

bottom AM9:18 E130°16.00 11.8 10.38 20.37 32.56 7.12
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Table 1. Continued.

. . Latitude, Depth of Depth of o ..

Station No. Date, Time Longitude water (m) measurement (m) Temperature ("C) Salinity DO (mg/!)

19 surface 7 June 01 N32°52.00 0.25 20.71 32.46 7.84

bottom AM 10: 14 E130°21.00 15.4 15.11 19.97 32.86 7.53

20  surface 7 June 01 N32°52.00" 0.42 20.53 32.62 7.65

bottom AM 10: 42 E130°23.00° 43.5 42.87 19.67 33.04 6.77

1 surface 5 June 02 N32°57.97 0.31 23.09 29.27 5.80

bottom AM 10:13 E130°15.00 26.4 23.37 19.93 31.94 5.59

2 surface 5 June 02 N32°57.98' 0.33 22.77 29.95 6.04

bottom AM 10:00 E130°16.99 9.7 8.12 20.20 31.24 5.62

3 surface 5 June 02 N32°58.00 0.31 22.57 30.39 4.61

bottom PM 2:29 E130°19.00 17.5 16.53 20.03 31.63 5.08

4 surface 5 June 02 N32°57.96 0.43 24.10 29.95 5.94

bottom PM 2:42 E130°21.02' 28.7 26.79 20.09 32.19 6.23

5 surface 5 June 02 N32°55.97 0.31 22.94 30.03 5.20

bottom AM 9:40 E130°16.99 22.4 20.66 19.96 32.09 5.96

6  surface 5 June 02 N32°56.00 0.37 25.11 30.38 6.17

bottom PM 4:39 E130°18.98’ 26.0 23.69 20.16 32.38 6.14

7  surface 5 June 02 N32°55.99’ 0.26 23.80 30.02 6.07

bottom PM4:18 E130°20.92’ 27.5 26.28 20.21 32.51 6.00

8  surface 5 June 02 N32°55.98’ 0.49 24.21 29.96 6.45

bottom PM 4:01 E130°23.01 16.3 15.06 20.13 32.33 6.58

11  surface S June 02 N32°54.0 0.16 22.72 30.38 5.81

bottom AM 8:59 E130°13.0 8.7 7.02 20.89 30.68 6.80

12 surface 5 June 02 N32°54.0 0.33 22.67 30.20 5.39

bottom AM 8:38 E130°15.0’ 9.1 7.57 20.89 30.79 6.63

13 surface 5 June 02 N32°54.0° 0.37 21.74 30.53 4.47

bottom AM 8:13 E130°17.0° 18.4 17.32 20.03 32.02 5.38

14  surface S June 02 N32°54.00 0.22 23.52 30.21 6.07

bottom PM 4:57 E130°18.97 325 31.65 20.23 32.37 6.26

15  surface 6 June 02 N32°53.97 0.53 22.93 30.19 5.59

bottom AM 8:09 E130°21.02' 35.8 34.19 20.30 32.58 5.19

16  surface 6 June 02 N32°53.97’ 0.41 23.23 30.14 5.58

bottom AM 8:24 E130°23.02° 34.1 32.75 20.30 32.54 5.11

19  surface 6 June 02 N32°51.99 0.43 23.07 30.30 5.95

bottom AM 10:26 E130°20.96 12.8 10.59 20.49 32.14 5.63

20  surface 6 June 02 N32°51.99’ 0.47 23.49 30.16 5.50

bottom AM 10:10 E130°23.00 422 39.83 20.40 32.69 5.16

Bik% 0.5ml ©oEALE, ©rYEERLTHAEZCHE
bBig oz, Bk Uk, IRERBVTYS v o 5—
7 (RRF 1970) i< & v kb OB HERREBEE5HEIL,
ZRAKEHC L BRIEBEEBEL . BB, AHETI
Wu (2002) 2V, DO<2.8mg/l #BEFEKE L1,

5 S

HERCHEIFIERONEMARS L UEBKOSERRR
BILRoh35HBEL

1997 % 6 Aick i 2HEMHOER I, REBOFLicth
RKIEME M 8 ¢ LI LKL 253 L, BIREHRBL
T3 Md 0~2 ¢ OHEKL~RIRDHIE L 27, Md2~8¢ D

MR~ v b 372 O ORVWER I LT/ (Fig.
2, FTHES 2001, JEHES 2003). 1998 4F 11 Bicid, HEE
O TMd8 ¢ LU LD A MdA~8¢ D Vv NEELL
L, EHEDRET Md 0~1¢ OHKBHBILEL 9HT 5 &
HITtE -1z, £ LT, 2001 5 6 A i 3BERHEEHRIEO 2 E
AIZBVLTMd—1~0¢ OBMEKIBABR SN, Thoo
wBEfhE T, COEBRSITObN I LHLERIIT
W3 (MRS 2003). BHOEGKEKEABZASHATIEI
WS, AFEEOERH» SHERIT 5 &, 2000 FEFKH 5 2001
FEHF T TOMIC, BEAERRHE X UBR¥ER DB
(Fig. 1B O Sts. 8,19) iKBWVWT, Md0.5~1.5¢ Odhi~*
RIRD72 - 72[EE IS, Md 0 ¢ LI OBERIED £ 72 138EHA
ARicblzoanEEZONS, AL, 20025E6 HiC




SFE M EEE R BK O W/ BRZ - REER

3, HEBOHTMd8¢ LI LK -A Md4~8¢ D v
M, BIREDRETIE Md 2 ¢ LIT OB~ hkiibh Md
1~4 ¢ OFRL~EHRIED~ & 2L L 72 (Fig. 2).

—7h, BEEKCBY 2BERZBEOSHERS &,
1997 4 6 A, 1999 & 6 H, 2001 & 6 A ic#Eh Tt EEH

June 1997

Nov.1998

Al o

June 2000

>8 8-4 4-2 2-1 1-0

Fig. 2. Temporal change in median particle diameter (Md: ¢) of
bottom sediments in and around the Isahaya region from June,
1997, to June, 2002.

June 1999

IKERDSFEA LT W B (Fig. 3). 1997 F 6 Hici3, HEZAD
A, BEARERMD S BEMICh T, BLUFHEBEO
T, BEBRZABEN 2mg/l UTIcEFTETLA. 1999
Fo BIcbHABOND 2 EXRTAGRRFARED 2.8 mg/l
PITF & 18 572 (Table 1). & 5122001 6 Hici3, HEE
O & G RRERATIC T T1997 4 6 H & 0 b ILE
Flic BRFKESFEEL, HEOERAEREMIICE TR
ATZ. O, 8 ARIEICOEBKDBEFRABED 4
mg/l LT ThH -7 T EMHERSNTVS (85 2003). —
77, 200046 H & 20024 6 A< (3IAFIZIEE 4~6 mg/I
DE[BNL VIR THE SN TV S5, 1998 £ 11 A,
2000 £E 11 A, 2001 4 11 A, 2003 £ 11 A3+ X TOEA
ESTHEREBE 6 mg/l LI L -1 (Fig. 3, 15#E - &
% 2004).

K@K DS E, 1999 4E 6 H & 20004 6 HicB W\ T,
FEEZEORLDOELRTIE 28~29 psu 72 - 7205, TN AD
E/RTIIFEIT 30psu LI ETH - 7z (Table 1). FEKIZ, E
EARICHARTESPEOERNEL, BT 199956 Aic
BHEEMOECEPHTES A 26~28psu TH -7, Th
3, THRARLD» SHIKS W3 RKBERBD» O REBNEF
B4 2 (LHES 2001) Eh i, HEBAD S KEOHKKD
BRICHALTOVWS &N, ZO5HEEOELER TR
AL ERIITEROVDESEELZONTWVS EHH S
2003).

HREHICEITEIHMAREORERE(L
RRHEEEIT-> -HMEM 20 EHITBWVWT, 199746 A

June 2002

Fig. 3. Temporal changes in dissolved oxygen (DO: mg/l) of bottom water and in the density of Musculista japonica (ind. 0.05 m~?)
collected from 20 fixed stations in and around the Isahaya region and 92 fixed stations in Ariake Bay from June, 1997, to November, 2003.
In June, 1997, and June, 2002, bold-faced numbers pertain to 20 fixed stations in and around the Isahaya region. (Partly after Sato and

Kanazawa 2004.)
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Fig. 4. Temporal changes in number of species, mean density

(m~2), and diversity index (Shannon-Wiener's H') of bivalves
collected from 20 fixed stations in and around the Isahaya region
(A) and 24 fixed stations in and around the Shimabara region (B).
In the Isahaya region, the diversity index was calculated for
samples collected in June. Major events around Isahaya Bay: (1)
isolation by the reclamation dike on April 14, 1997; (2) hypoxic
water masses appeared (see Fig. 3); (3) red tides appeared; (4)
very coarse sand was dumped in and around Sts. 8 and 19 (see
Fig. 2); (5) the water gates of the reclamation dike were opened
temporary from April to May, 2002. (A: partly modified from Sato
and Kanazawa 2004.)

I3 AEE 25 FE 452 A/ m? o M EEME S 1o (Fig.
4A). ot RoniciEid, #5277 F Modio-
lus (Modiolusia) elongata, £ © — K <7 5 Modiolus (M.)
comptus, + + b ¥ Z Musculista senhousia, ¥ <+ b b F2
Musculista japonica, ¥ 3 / /> F Raetella pulchella, ¥ X7
# 4 Theora fragilis TH 5. N OO, Ev—F<7
SABRE, 1998411 HicRiBEAEB LN P k.
20004E6 Alicid, SSlcto—F=27 5 bBoNnEh-
to T & 11 M 61 fk/m? i< & TR - B E bk
L. Ld»L, 2000FE11 Bicidhsr/ <7 5&v=k
M hFEZM, ZLT201FE6HITF 3/ NFHREICHE
St &, “HHESET 2001 5 6 Aicid 18 fE 357 {#
fA/micE ML, 0%, 2001 F 11 AiidBUx
nNooEMRESNITLED, 2002F 6 AicldEn—F=
S BELLIRETESN HESK T 235 1,285 @
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Fig. 5. Temporal change in relationship between rank of dominant
species and accumulated density of bivalves collected from 20 fixed
stations in and around the Isahaya region (A) and 24 fixed stations
in and around the Shimabara region (B).

R/m? &1 -1z, 2003411 Hlcldbo—F=27 308&5
KB DESATEONEZET, _HELKT 24 1,615
kL s -, ZHMBEBOEKIE, 6 HE 11 HoZhEh
IZBWT, 1997 5 2000 FEiTh I TR L, Z0%iT
2001 &> 5 2003 £EITH 1 THEMIL TV 5 (Fig. 4A).
THEBEORHEABORELIR 0, 6 IR
NEEAD LA XFERIC LT, Shannon—Wiener O % KR
B H) OBRFELELEFTH N (Fig. 4A). Thick b &,
1997 4 6 HH 6 2002 - 6 Hich i T—Ri L ZEE I H 5
boo, EOMEAE L TEHRERERERD LY Tw
3. ZOfw, 200256 Bick i 3 B oM &Y
FEEER, 22N 197FE 6 AL 3ERICBLUZH
Plhiczwicbhrhbod, SHREERI 199746 AU
BETHROLECE-TWE, S50, BEEONEMICHE - T
REOMEEELE/ L7 72K TYH, 19974 6 A
5 2000 £E 6 B2 TR ZHHEHBE O BREEE D LT
\\3 (Fig. 5A). —7%, 200146 H & 200246 Aicid, —
WMEEOEEIZ1997E6 ALE Uzl Licis->Tw
30, EbEob@BET L 2B TREEEORKSE S
WTED, 1997 F 6 Bt~ 2 & BREFEEROMENLK



EEE MR- Rl - B WK DBk T e B/ B - REER

June 1997

June 2002

Fig. 6. Temporal changes in density of Modiolus (M.) comptus (ind. 0.05 m~?) from June, 1997, to November, 2003, and in distribution
area of sediment with a median particle diameter (Md) of 1.5~2.0 ¢ from June, 1997, to June, 2002, in and around the Isahaya region and
Ariake Bay. In June, 1997, and June, 2002, bold-faced numbers pertain to 20 fixed stations in and around the Isahaya region. (Partly after

Sato and Kanazawa 2004.)

&< 1> TW 3 (Fig. 5A).

F75, 19978 6 BicZ Rohtk “HE 2B R
5E, Y= b b FRIFEBO[LOMWIER, ZL T
WEA O X0 &l o F I b B o PRI &
o— K227 5% Bontc (Figs. 2,3,6). Y=+ bF
231997 5F 6 A5 1999 F 6 At TREZITBWLT
BRE SN 2 EEERED L, 2001 F 6 FIi3FHU 2 EAIC
BLOTKBICIRESNIA, 2002E 6 Bici3dg L’
0EERTIHIEBLAER SN -/ (Fig. 3). —4, €
O—F=2 3503, 19976 Ah 5 19994 6 A £ TI3HH
HBHRIEOE  OHIE TR SN, 2000 4 6 Hizid£<
WRESNI -1 (Fig. 6). £L T, 20014E6 HichTh
WKROeNB K DITED, 2002 F 6 Hici3EHEHIE A
BB KBIZEONE LD ITE > 1.

BREAICE T _HEBEOREE

SIEME LS CREEELIT - 24 EHICTB VT,
1995 4 11 A i< i3 A5t 30 7 238 A /m? © B EE
SN (Fig. 4B). COBIcE{BoniEE, 2514
A Petrasma pusilla, 7 52/ <7 5, Y<K b bFR, U
A/ s~F Pillucina (P.) pisidium, > 973+ 54 Abrina lu-
nella TH 3. 1996 F 11 Hicld, Eo—F=7 3h4%IcE
CBohtcn, toEBsR o>kl T MEHES
RT3 26 7 247 EliA/m?> TH D, 1995 11 B L 1ZIEFE L
HEETH-1-.

ETAD, 199711 Bicti s &,
TeERXRIVUHFA, B ARI®T S,

IhETELRSN
YR b bER, b

38

O— K27 5REMBBOLNELBY, ThicE->Tr v
) #1'14 Alvenius ojianus, 7 ¥ ¥ )V #'4 Carditella (Carditel-
lona) hanzawai, 7~ 7 3 7' 4 Carditellopsis toneana ® 3 f&
PERESND LI -7 BRI, “KREES2KTR
23 & 238 fll{A/m? & 720, 19954 11 A+ 1996 4 11 A &
T, BNc3RESELLBRS AV, BT 3E
GEN—ZET 2 E3EDREHEADH - 12,

51T, 1998 FE 11 AN 5 199 FE 12 BichidTid,
YRYHA, FUFHA, FYTIHNADIELELN
s sT, ZHMEABELSKOEHEEENZATH 185
REMEE/ M BLPISET4EE/m~NE KX REDL
tz. L L, 2000410 Bliciz+ 2y L A48, 2L,
2000 FE 12 Aicl3ns5x /<235, Y=<k b bFEZR,
NETADBELRESND I ET, 2001512 iz, —
K H 2T 20 & 158 @fA/m? i<  THEML 72,
Shannon-Wiener O ZFREEFEEL (H') (&, 1995 4 11 A
51997 FE 11 Hichd T, bFricEbERicd - b D
D, ZOHKIFAZTHEDILL, 20004 10 Fic—Bic
R/ Lotk 2001 4 11 313 1999 £ LLRET & [FlRE O i %
- TW 7 (Fig. 4B). %71z, 19954 11 A 5 1997 4F 11
Ricmpu T, ZHWHEAEOBEER ICIIRELE LIV
boD, REFEEMBEOMBNLLILZVICKRESCLE->TH
D, X/ DHOBEEEYS LD ZEEBEEOEESEMNL T
W3 EMNDbm B (Fig. 5B). £ D%, 19984 11 AH 5
1999 F 12 Hich 5 T ZHELE O BEBEE SR L 1«
A3, 2000 £ 10 A5 5 2001 £ 12 B h i TREEBE 1
mLcwa, HEHFOKHBERILET 2L, BEFTRE

“no
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2000 FFLIRE 1 BE R R O RS BRIGIC/NS {85 T
L 37h - 72 (Fig. 5).

% =

HEFCEIEZ_HEREOSMELLEAFRERE - AL
EHREL L DL
EAEAEORTNS — vid, BEFKROFREEICK > T
KELE(NST BT EMBZV (SR 1989; Wu2002), SR
T3, 19974 6 A & 2001 £F 6 A ic KI5 G R /KB Hs
FEA Lz, 1z, 1999 £ 6 Aic bIAFERERIBED 2.8 mg/l
PTFic g TET LAcERMTER S N/ (Fig. 3, Table 1). %
LT, #EMICBVTE, Y=+ b b F20EERE B
FKROFAEST I, BRF/KEISHERESNE, K
DFERHITIFREALRESINL L > TV 3 (Fig. 3).
THIT, Yk b b FREERRC, FEBORDERICE
KL TWieASR /=25, F b bEZX, F37 14,
VX HA L, BRFKRBRELLKRICR, BEALE
LN oo T ENHERIN TV S (LB « &7 2004).
ZHABHOBREMEICRET 2 EBRIc k2 &, ERERIR
FE (0.05mg/l LIF) TIR25CIcBWVWT Y X7 #1132 H
T, d b+ FFREFIHTELIEET 2 Z EDHRSNT
W3 (EH 1993; thkf 1998). =70, BHEEFKB,SH
FLaroRPEMIcb ) ERT 2B, TORUE
WoR W W HBEEOMEERICRE B E 52
2l@FtaicEALONS (AEH 1991; 5%F 1989; Wu
2002). 4K (1989) ic KX, AR 50% L1 L
ThNiF 1 7 HENTREE - EENSL 20, [BIEKE
Bu, L l, BAEBREIMED 30%LITiICi 3 & EEE
MIFELCRDL, 20BEEIRETEIN TV,
—F#, & bFRGEOBETKEER, BEBRREE
DIET & FBNCHALKFRORAEIC X > THEFERMREDS
B EMERICEOERESINTVS (R 1998). BEEHE
KO FAE L g T, WRERETE ORI & 0 R bk
FEFAET 55 H% { (Diaz & Rosenberg 1995; Wu
2002), T OEEL QEARBEBEO—-RELTEZL L L
MTED, T, B ILA (2003) (&, SREIFEARCIE T
S OMICKHY TS v b v EEZ SN DEREEL i)
ZHAON, oL 7 ) FEEO S 38 R
FEABRE SN EHE L TBY, FErWEEO KR
T OB SIRRIC 1 3 AlREE 2 L T w5, LiEko
EEICKD, 1997 FELIFIC Y < h b P FEZRBEDEL DT
MBS ZEICED L FERE LT, SEEEILDRICH
B R o BT E R OFE, 8L UOEBBIRE
TIEFRIL T AMEEETHIC L AFUKEDOFRER ENE X
5N 5,
LAY, EEMBI L0 —- K2 50amElC
3, BRFKRORELOBEIEEICIR ALY
(Figs. 3,6). Y& hbhF¥F¥REELO—-FT27 50D4ET 3

39

800{ [] Modiolus (M.) comptus

W Musculista japonica
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Fig. 7. Median particle diameter (Md: ¢) of the bottom sediments
where Musculista japonica and Modiolus (M.) comptus were
Number of
individuals for each Md ¢ range refers to the total number of
individuals of each species collected from the all fixed stations in
and around the Isahaya region from June, 1997, to June, 2002.

distributed in and around the Isahaya region.

[EEOhEFREEALKT 2L, Y+~ b FRIIMI
1.0~25¢ 2%\ (Md 2.0~25¢ I/ b L \V) DITH~
T, EB—=F<27513Md05~2001c%<, #20thThH
B2 Md 1.5~2.0 ¢ 122\ (Fig. 7). LT, 199746 A
ICRA Lt BRFOKRO S HERIE, Eo—- K< 5%
KOHLTWHERED S, Y=h b b FRTEMO K
BEnZIAH LTV ich» -, 20k, £
O—F=7 51131997 & 6 H O BRI D B /D
15<, 1998 FELIFE b EHAEE A @b - 7o E3IHd 5 2 &
TE 5,

Eo— =7 500HEE, ©LAEEOE/icKkE
N EAZITVWE EEZ 5N (Fig. 6). 1997 4 6 H,
1999 £ 6 H, 2002 4E 6 A3, Md 1.5~2.0 ¢ D57 %
Rt o — K=o sHREBICERLTWS, L,
Eo— K< 50EE L1 2000 6 Aicid, Md1.5~2.0
¢ ODOYMEFPREBANCEET 2 & & iz O mERE
bW >TWVW3 (Fig. 6). TOEOD— K=o 544 DE
EHEM & Md 1.5~2.0 ¢ D HEIF & OXdIn i, SR
FTdE <, 1997 5 6 H & 2002 4F 6 H BRI ICH
WTHRZZEMTES (Fig. 6). Eo— <27 5 DR
I3, YEREPEETE 3EEOFEENRPER VW EE
Zoh s, #HEMHTIE, 2001 56 HicEIC X v —Hic
EEMBELIZZET, LWoltAldBONE -2
0— K27 5h202 FLBICKBICEONS X ->hiFic
5o foA[REEN B B

153, 20024 6 H& 20034 11 AT, W20 DEM
TEu—-F2 7 SBHVICERELLEE T Vv N %
fE-> TV ABTFABE SN, oo ZWEBIIT i
Ny FIROAHERT 108, REFHICE AR TRIERE
BOFEFEEE LHEICHEET 2L 3RETH 2. L
L, 20004 & 2001 FicEf S Nzqt 4 B ORBHE TR
Fo—F=7 50ERILERAONEL DL T,
20026 4 L2003 FE 11 Al 3EHOESITBLWTE
O- KNI INEELTELNTWS (Fig. 6). 2O &



&E theEE—-R BX-OK B/ 5XZ - REEH

»o, L ESHEBORALAEETE, Eo—-F<2s 3
Dy FIRGFHOEMEML I Licky, REHBTE
O— K27 SHBONIHERMER 1 LBRT 5 LA
fETH 3.
PLOZEELID, Y=F b EXPHSTR /275108
ZLOZKREER, 197 % 6 BicHAE L ERFKROF
K (BLUKRE - BbAKFEORE) Itk KECHERYD
BOLIEEEZONBZDITWL T, 1997 ELIE b EEED
Z<RONkED—-F=7 353, EBOEICL D
KBS NI 15 11RIT 2002 5 6 BIc KIBRE L 7 & #55R
S 5h B (Figs. 3, 6). I TRLULEBEELDS b,
1997 £ 6 Aic R on - BTk, REBTIRRHRR
ITRE S TR EGBA I T X 2B & 3~4 m OFEMD O FHAE
L7 mREtEDStEE S T WwWB (S 2001; % S 2002,
2003; ZH S 2004). X 5iZ, 20014 6 B OEEZ/LIIE
Bick 2 NANEEEEL SN, 2002FE 6 Btk LEE
OfRIALIE, REBTRIRMRED U0 1P S BIFTERE D
MirkdbDEELZSATVWS RES 2003; g oS
2003). D7, 1997 FELREICR S “HRBEO A
b3, FEABTHRIELEDOALNEEIC X 5 BRI
Zit (EBRFKROREELCERBOE/LIL L) HMERTH 3
AJREE BBV EER DT O B,

MEhEBEBICHITE - HMEREDREE(LOLE

HEHP20EAEBERM 24 ER T, HBLT1997 F
VRica#s _KERORGERORDBED ATV S
(Figs. 4, 5). 1997 6 AicERms h-FHELEIC BT 5
KEFEETIE, HEMLZFTRAL, BEEARGIE DRI
HOoBFEMIZHAI TS, BERFKBORESERIh T
% (Fig.3). BEMTIZ, 1997 F 11 AH 5 1999 & 11 A
DT, Y M YHA v 7384 « FyHFUH4 K
BikiBohakoicti-k, TO3ER, £BLTREDS
02~03cm O/NBETH 3. 2D, BEGTIRIERE
KEOREIZEDHNFIR /2 50Y <k FFRBED
BOSED LRI, & v ¥l 4 15 & /NI A —BS I
WRE L 1205, Z D%, 2000 FELIRBICH SR/ =7 S1LEMH
BU¥mT 3 ticky, /NEE 3 BEOFEEEE R
DL bD RIS NS,

—7, 2000 FELfEICIE, BFEN - HEMTHELT, =
KEBEOE « FHEEEEESHEMICE L TV 3 (Figs. 4,
5). BEMTII, 2000 ELE I R EEOBEY « EH@EE&E
BE - ZREEEVRIFKCHEMLTEY, BLEES 199%
FELRNCROohBRELBUL TR I & s, ZKRA
BB IIEEERNCH 5 LM TE 3 (Fig.4B). L L, &
B3, 2000 FELIEO W EBEOFEEEEEEIE 1997
F6AHLD bKIBIHEMLTWEY, BED1ESLR
DESEBICHEME L TRBRLT A EABVEL TV
¥, BHEERIZ2000FELELESITRDLET TV S
(Fig. 4A). DI &» 5, BRERMEFRBEMROMEIEE T,

ZHHB OB « SEOEEERE O EEE R O Z LR I —
T 505, 2000 FLIEOEMEAICIZ, “HWEBEORHHH
KECRUBE->TVWB I EDbn 3.

BRFEKRBORE IS EEEYMOKREBRR, 8LU%Z
DERDOBEAEEYFHEOEEICEET 2RI, b7 2 ) A K
BEcid=2— Y+ —Y— (New York Bight) « ¥ = ¥
E— 0@ A3 vaERE, 3a—oyFATIRIEE .~
W hHg e FH v b (Kattegat; RV = —F V-5 v
2= s TR THERLETEANITDhATWS J
%1%, Rosenberg 1976; Falkowski et al. 1980; Rosenberg &
Loo 1988; Boesch & Rabalais 1991; Harper et al. 1991;
Stachowitsch 1991; Pihl 1994; Diaz & Rosenberg 1995; Wu
2002758, Thick s s, BAHERFEBEN 28mg/l 2T
]2 & EEEY DL S BEBUTTER L (Wu 2002), i
BoThlAd=a—Vr— VM clIBLnnE
(opportunistic species) DSREICIERET 205, Thd 1 FE
B TiHM 4 % (Falkowski et al. 1980; Diaz & Rosenberg
1995). Z DROBEEEYFHEORIER, 2+ vaBTE
1~2 & (Harper et al. 1991), # 5 % v b TIZ 2 &
(Rosenberg & Loo 1988), 7 K Y 7 # T3 3~4 F (Sta-
chowitsch 1991) RiICR oo L MESI N TV 3,

AR TR, BEMICBVTHEMICLEIO _HERE
EE L7- L¥rEh B, 20 TH 1997 - 5 2001 4
ETHIENPVETH -2 L, HEMIZE->TIT 6 ENZA
LB ThbEo—F2 7 SEEKEOED A BRI ERME
LIBBAEBROVIBRLTWARRELEEZL 3. COoFPEBICE
FAKWABEONBOES R, HIHBENCHEICER
FKEBFEEL TVWE I & THREANSTE B (Fig. 3). HlX
i, REMTIR 1997 ELBRIcABIc BB B -
EEEEE R L 72A5, 2000 € 11 A5 2001 5 6 Bic
M T —BEIC AR 2R L 72 (Fig. 4A). L L,
2001 FE 6 AIC3BUKRBELERBKRBSREESTZ L
T, 2001 FE 11 Bici3Z < O@MHEBELTVWE., DL>
BEBEIC D 286 Lt BRFKBORES, REHO
“HEBEONELELRTVWREELI SN S,

SoIERBTIR, REBOBILDLIKE, BYRIECH
FEE ORD K8k « Bk 2000; FEFK 2001, 2002, 2003a,
2003b, 2004; HEFH - TEH 2002; BEFE S 2004; B/ B S
2004 75 &), EEOMRI{L (FAE S 2003; Uil S 2003), &
ROBEERFERLEOKEZEL R 2000a; #2355 2003;
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