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Abstract

Long-term changes (from the 1980s to 2010s) in the water quality of the Seto Inland Sea, a semi-enclosed bay
system in southwestern Japan consisting of 12 sea regions, were determined by analyzing public survey data. The
average bottom water temperature (BWT) from 2010 to 2014 differed among the sea regions, for example, in January,
it was lowest at Harima Nada and Bisan Seto (7.3—10.0°C) and highest in Kii Suido and Bungo Suido (11.5-14.4°C).
BWT ranged from 15.0 to 23.3°C in May and July, and from 22.5 to 25.2°C in October. The spatial distribution of
cold- or warm-water bodies corresponded well to those of high-salinity waters, indicating penetration of the Kuroshio
Current from the Pacific Ocean. BWT increased significantly from the 1980s to 2010s in most sea regions and seasons.
The overall mean increase in BWT was the largest in October (+5.82°C 100-yr!), especially in Osaka Bay and Hibiki
Nada (+9.25 and +9.10°C 100-yr!, rspectively). Hypoxic bottom water (dissolved oxygen [DO] < 4.0 mg I'") occurred
mainly in inner Osaka Bay in May, July, and October. From the 1980s to 2010s, the bottom DO gradually increased in
five sea regions in July, but decreased in Kii Suido and Osaka Bay in October, which may partly be due to the rising
BWT in autumn. The chlorophyll a concentration decreased significantly from the 1980s to 2010s in two to eight
regions in January, May, July, and October. By contrast, chlorophyll a increased significantly in Harima Nada (January,

July, and October), Bisan Seto (January and May), and Bingo Nada (January).
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WEDOVFIR AIRIZ DOV TIEERZRIT (2008) 1285 THIFE R A HY, 100 4FEH 7= O KR EF-#iE, A1B v FUA4
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720 T OMMDUEE TIIA BAARAELEBN IR H SN 2h -T2, 5 HICOWTL, (& O g TH E/RIEDR
EETNH O AAKE, RBGEORE, ik, Z=#io)RkE, Ok, ERME, 2o kg ks Lo
BB TIIOT NGO BARADORELBNALNT, 5§ AIZBW T BERREL LIRS o701 %
PEWE, 2 L OVA BE CThoTo, 7 HIZOW TR, fEE# O L8 TH BRIEORFELEE B HOLNT-—F K
W, DS | 2l IR OESE T, JE B L OVE R KB O IR E Tl Wb A B A O
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720 10 HIZBW T, MO £ E D 2 TH B R IE DA b, KB, B g | 2222 i
J& . IR, DT, R SO KEDERE TIIW LA B ADRELREIN LN, 2.7 HE
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FEMTOORE R, W NUECIX 1 A ORGESHE, (M- B L O Corun 7 L a IR EIMERNCHDH &,
5 HIZIHE P OIERE ., 7 H & 10 HIZiZW T b RO R B Tran7 )b a REPEIMEMIZHH 28038
Do, ZOMOIEEECITEMEINS LA BEREE N HONIRD T2 N0 | BB EEC(H 0= 8 121
WICREL /a7 b a BED EFRNRHRLN T HIEIEF ICBIRE O, Zo ko7, B /a7 v q
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Fig. 1. Locations at which water quality was measured. Top: Kouiki Sogo Suishitsu Chosa survey (Ministry of the
Environment). Bottom: Senkai Teisen Chosa survey (Fisheries Agency of Japan and offices of prefectures bordering the Seto
Inland Sea).

Water dopth (m)

©
=}

Fig. 2. Distribution of water depth in the Seto Inland Sea. The contour map was created using the water depth data at 425
stations (circles) during the second Setonaikai Kankyo Joho Kihon Chosa survey conducted by the Ministry of the
Environment during the 1990s.
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Table 1. Mean bottom water temperature in January, May, July, and October in the Seto Inland Sea from 2010 to 2014. The
mean annual minimum (ann. min.) and maximum (ann. max.) values are also shown.

Area name Mean bottom water temperature (°C)
Jan.*  May?® JulL®  Oct.? ann. min.®  ann. max. "

Kii Suido #c{F7KiE 126 166 201 243 11.5 25.9
Osaka Bay Kxi% 109 150 217 252 9.2 25.9
Harima Nada % B 100 152 219 240 7.3 26.7
Bisan Seto fifi i~ 9.4 166 233 238 7.8 27.5
Bingo Nada {ii % i 101 159 222 237 9.2 26.0
Hiuchi Nada & 113 156 220 236 10.4 26.0
Aki Nada 22 2= 11.9 157 209 235 10.6 24.9
Hiroshima Bay JA&7% 121 150  19.7  23.8 10.5 24.3
Iyo Nada {Jt T~ 124 150 204 231 10.5 22.6
Suo Nada J& /5 9.7 153 210 226 8.8 26.1
Hibiki Nada % 127 173 225 231 NA NA
Bungo Suido E74/KiE 144 173 209 225 NA NA
Overall mean 11.5 15.9 21.4 23.6 9.6 24.6

2Data from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment, ® Data from the Senkai Teisen Chosa
survey conducted by the Fisheries Agency of Japan and offices of prefectures bordering the Seto Inland Sea. NA, no data available. The
highest (lowest) and second highest (lowest) values for each occasion are shown in red (blue).

Table 2. Interannual changes in bottom water temperature in January, May, July, and October in the Seto Inland Sea
from 1981 to 2015. Interannual changes in the annual minimum (ann. min.) and maximum (ann. max.) bottom water

temperature are also shown.

Area name Interannual changes in bottom water temperature* (A°C 100-yr!)
Jan. May?® Jul.® Oct.® ann.min.” ann. max.®

Kii Suido AcF /K& 440 289 294 413 3.7 5.23
Osaka Bay KR 490 ns. 200 925 279 3.39
Harima Nada #5 % 210 188 179 701 329 2.72

Bisan Seto f s i~ 149  ns. n.s. 6.17  3.67 2.86

Bingo Nada fii 1% 1.54  ns. n.s. 6.84  3.47 3.11
Hiuchi Nada &3 207 3.08 254 473 239 3.92

Aki Nada 72757 n.s. 359 252 425 263 4.07
Hiroshima Bay /i /515 2.84 2.40 n.s. 6.05 1.76 3.18

Iyo Nada F+ 7~ 133 197 1.63 383 344 2.05

Suo Nada JB/5i#f 359  ns. n.s. 6.40  3.14 2.65
Hibiki Nada % 507  ns. n.s. 9.10 NA NA

Bungo Suido &% /K& 146 182 178 2.08 NA NA
Overall mean 275 #E74) 2.80 252 133 582 298 3.32

* Slope of the regression line (see Figs. 3a—f) between bottom water temperature and year, which were significantly correlated (p < 0.05,
Pearson's correlation). n.s., not significant (p > 0.05). ? Data from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment, ® Data from the Senkai Teisen Chosa survey conducted by offices of prefectures bordering the Seto Inland Sea. NA, no data
available. The highest and second highest values for each occasion are shown in bold red. Negative values are in bold blue.
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Fig. 3a. Long-term changes in bottom water temperature in January, in 12 areas of the Seto Inland Sea from 1982 to
2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment. The red
line indicates the annual mean. The black line is the linear regression line, using year as an explanatory variable. P-
values for the Pearson’s correlation coefficients are denoted by asterisks.
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Fig. 3b. Long-term changes in bottom water temperature in May, in 12 areas of the Seto Inland Sea from 1981 to
2014. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment. The red
line indicates the annual mean. The black line is the linear regression line, using year as an explanatory variable. P-
values for the Pearson’s correlation coefficients are denoted by asterisks.
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Fig. 3c. Long-term changes in bottom water temperature in July, in 12 areas of the Seto Inland Sea from 1981 to 2014.
Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment. The red line
indicates the annual mean. The black line is the linear regression line, using year as an explanatory variable. P-values
for the Pearson’s correlation coefficients are denoted by asterisks.
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Fig. 3d. Long-term changes in bottom water temperature in October, in 12 areas of the Seto Inland Sea from 1981 to
2014. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment. The red
line indicates the annual mean. The black line is the linear regression line, using year as an explanatory variable. P-
values for the Pearson’s correlation coefficients are denoted by asterisks.
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Fig. 3e. Long-term changes in annual minimum bottom water temperature, in 10 areas of the Seto Inland Sea from

1981 to 2014. Data from the Senkai Teisen Chosa survey conducted by the governments of prefectures bordering the

Seto Inland Sea. The red line indicates the annual mean. The black line is the linear regression line, using year as an
explanatory variable. P-values for the Pearson’s correlation coefficients are denoted by asterisks.
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Fig. 3f. Long-term changes in annual maximum bottom water temperature, in 10 areas of the Seto Inland Sea from

1981 to 2014. Data from the Senkai Teisen Chosa survey conducted by the governments of prefectures bordering the

Seto Inland Sea. The red line indicates the annual mean. The black line is the linear regression line, using year as an
explanatory variable. P-values for the Pearson’s correlation coefficients are denoted by asterisks.
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Fig. 4a. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in January in the Seto
Inland Sea from 1982 to 1986. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 4b. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in January in the Seto
Inland Sea from 1987 to 1992. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 4c. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in January in the Seto
Inland Sea from 1993 to 1998. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 4d. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in January in the Seto
Inland Sea from 1999 to 2004. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 4e. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in January in the Seto
Inland Sea from 2005 to 2010. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 4f. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in January in Seto
Inland Sea from 2011 to 2015. Data were from Kouiki Sogo Suishitsu Chosa survey by Ministry of the Environments.
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Fig. 5a. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in May in the Seto
Inland Sea from 1982 to 1986. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 5b. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in May in the Seto
Inland Sea from 1987 to 1992. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 5c. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in May in the Seto
Inland Sea from 1993 to 1998. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 5d. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in May in the Seto
Inland Sea from 1999 to 2004. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 5e. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in May in the Seto
Inland Sea from 2005 to 2010. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 5f. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in May in the Seto
Inland Sea from 2011 to 2014. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.

29



SBH BFH] (2022) 1981 ~2015 FDHETTIAEIC F517 5 K EH H ORFZEHIZEE) -
TR — 2 3 0 =N, TSRS, MR (RAHEE,  [F B 2emr, ©< /4. p. 89

Bottom WT in July Bottom salinity in July

Harima Nada
Osaka Bay

Bisan Seto

1 981 Hiroshima Bay

Hibiki
Nada i
ol

Suo Nada

Ilyo Nada
Data in August 1981

Bungo

Data in August 1983

Water temp. (°C) .
30 31 32 33 34

<20 22 24 26< k2
[EEEEESE | . [N TE

Fig. 6a. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in July in the Seto
Inland Sea from 1981 to 1986. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 6b. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in July in the Seto
Inland Sea from 1987 to 1992. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 6¢c. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in July in the Seto
Inland Sea from 1993 to 1998. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 6d. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in July in the Seto
Inland Sea from 1999 to 2004. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 6e. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in July in the Seto
Inland Sea from 2005 to 2010. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 6f. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in July in the Seto
Inland Sea from 2011 to 2014. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 7a. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in October in the Seto
Inland Sea from 1981 to 1986. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 7b. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in October in the Seto
Inland Sea from 1987 to 1992. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.

37



BB, BWFEH (2022) 1981 ~2015 FEDHFFTEIC 5155 K B H OIFLHIZEE) -
TR E T — 5 #JH 0O JRET. ERIEINTE S, MR R, [E R, 2 < IE. p. 89

Bottom WT in Oct. Bottom salinity in Oct.

Harima Nada

1 993 Bisan Seto

Osaka Bay

Hiroshima Bay

Hibiki
Nada
387

Hiuchi Nada
Aki Nada

Water temp. (°C) 6 4 Salinity
<18 20 22 24 26< ; 30 31 32 33 34

Fig. 7c. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in October in the Seto
Inland Sea from 1993 to 1998. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 7d. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in October in the Seto
Inland Sea from 1999 to 2004. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 7e. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in October in the Seto
Inland Sea from 2005 to 2010. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 7f. Spatial distribution of bottom water temperature (WT; left) and bottom salinity (right) in October in the Seto
Inland Sea from 2011 to 2014. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 8a. Spatial distribution of the annual minimum bottom water temperature from 1981 to 1992. Data are from the
Senkai Teisen Chosa survey conducted by the Offices of prefectures bordering the Seto Inland Sea.
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Fig. 8b. Spatial distribution of the annual minimum bottom water temperature from 1993 to 2004. Data are from the
Senkai Teisen Chosa survey conducted by the Offices of prefectures bordering the Seto Inland Sea.
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Fig. 8c. Spatial distribution of the annual minimum bottom water temperature from 2005 to 2014. Data are from the
Senkai Teisen Chosa survey conducted by the Offices of prefectures bordering the Seto Inland Sea.
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Fig. 9a. Spatial distribution of the annual maximum bottom water temperature from 1981 to 1992. Data are from the
Senkai Teisen Chosa survey conducted by the Offices of prefectures bordering the Seto Inland Sea.
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Fig. 9b. Spatial distribution of the annual maximum bottom water temperature from 1993 to 2004. Data are from the
Senkai Teisen Chosa survey conducted by the Offices of prefectures bordering the Seto Inland Sea.
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Fig. 9c. Spatial distribution of the annual maximum bottom water temperature from 2005 to 2014. Data are from the
Senkai Teisen Chosa survey conducted by the Offices of prefectures bordering the Seto Inland Sea.
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Fig. 10. Long-term changes in bottom DO in July, in 12 areas of the Seto Inland Sea from 1981 to 2015. Data are from
the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment. The black line is the linear
regression line, using year as an explanatory variable. P-values for the Pearson’s correlation coefficients are denoted by
asterisks.
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Fig. 11. Long-term changes in bottom DO in October, in 12 areas of the Seto Inland Sea from 1981 to 2015. Data are
from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment. The black line is the
linear regression line, using year as an explanatory variable. P-values for the Pearson’s correlation coefficients are

denoted by asterisks.
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Fig. 12a. Spatial distribution of bottom DO in January in the Seto Inland Sea from 1982 to 1993. Data are from the
Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 12b. Spatial distribution of bottom DO in January in the Seto Inland Sea from 1994 to 2004. Data are from the
Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 12c. Spatial distribution of bottom DO in January in the Seto Inland Sea from 2005 to 2015. Data are from the
Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 13a. Spatial distribution of bottom DO in May in the Seto Inland Sea from 1981 to 1992. Data are from the Kouiki
Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 13b. Spatial distribution of bottom DO in May in the Seto Inland Sea from 1993 to 2004. Data are from the Kouiki
Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 13c. Spatial distribution of bottom DO in May in the Seto Inland Sea from 2005 to 2014. Data are from the Kouiki
Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 14a. Spatial distribution of bottom DO in July in the Seto Inland Sea from 1981 to 1992. Data are from the Kouiki
Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 14b. Spatial distribution of bottom DO in July in the Seto Inland Sea from 1993 to 2004. Data are from the Kouiki
Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 14c. Spatial distribution of bottom DO in July in the Seto Inland Sea from 2005 to 2014. Data are from the Kouiki
Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.

58



SBH BFH] (2022) 1981 ~2015 FDHETTIAEIC F517 5 K EH H ORFZEHIZEE) -
TTEE T — % # /O ARHT. R IES, HIER B IRE AN, [FREEHIETr, < IL. p. 89

Bottom DO in OCt. s e,

=5 bR /)
i e

o Bingo Nada (g '\
Hiuchi Nada

Hibiki
Nada

Suo Nada

Kii Suido

DO (mg I'"
<22 4 6 8 8<

Fig. 15a. Spatial distribution of bottom DO in October in the Seto Inland Sea from 1981 to 1992. Data are from the
Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 15b. Spatial distribution of bottom DO in October in the Seto Inland Sea from 1993 to 2004. Data are from the
Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 15c. Spatial distribution of bottom DO in October in the Seto Inland Sea from 2005 to 2014. Data are from the
Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
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Fig. 16. Relationship between bottom water temperature and bottom DO at 20 stations in Osaka Bay. Data are from

the Senkai Teisen Suishitsu Chosa survey conducted from 2010 to 2014. The black line is the linear regression line.

*#% p<0.0001 for Pearson’s correlation coefficient. The broken red line indicates the saturated DO concentration at
each water temperature (the salinity was assumed to be 30).
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Fig. 17. Relationship between bottom water temperature and bottom DO at 19 stations in Harima Nada. Data are from
the Senkai Teisen Suishitsu Chosa survey conducted from 2010 to 2014. The black line is the linear regression line.
*#% p<0.0001 for Pearson’s correlation coefficient. The broken red line indicates the saturated DO concentration at

each water temperature (the salinity was assumed to be 30).
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Fig. 18a. Long-term changes in the surface chlorophyll a concentration in January, in 12 areas of the Seto Inland Sea
from 1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment. The slope of the linear regression (black line), using year as an explanatory variable, is shown in each
panel with p-values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue
are positive and negative correlations, respectively.
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Fig. 18b. Long-term changes in the bottom chlorophyll @ concentration in January, in 12 areas of the Seto Inland Sea
from 1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment. The slope of the linear regression (black line), using year as an explanatory variable, is shown in each
panel with p-values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue
are positive and negative correlations, respectively.
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Fig. 18c. Long-term changes in the surface chlorophyll a concentration in May, in 12 areas of the Seto Inland Sea from
1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
The slope of the linear regression (black line), using year as an explanatory variable, is shown in each panel with p-
values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue are positive and
negative correlations, respectively.
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Fig. 18d. Long-term changes in the bottom chlorophyll a concentration in May, in 12 areas of the Seto Inland Sea from
1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
The slope of the linear regression (black line), using year as an explanatory variable, is shown in each panel with p-
values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue are positive and
negative correlations, respectively.
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Fig. 18e. Long-term changes in the surface chlorophyll a concentration in July, in 12 areas of the Seto Inland Sea from
1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
The slope of the linear regression (black line), using year as an explanatory variable, is shown in each panel with p-
values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue are positive and
negative correlations, respectively.
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Fig. 18f. Long-term changes in the bottom chlorophyll a concentration in July, in 12 areas of the Seto Inland Sea from
1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the Environment.
The slope of the linear regression (black line), using year as an explanatory variable, is shown in each panel with p-
values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue are positive and
negative correlations, respectively.
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Fig. 18g. Long-term changes in the surface chlorophyll a concentration in October, in 12 areas of the Seto Inland Sea
from 1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment. The slope of the linear regression (black line), using year as an explanatory variable, is shown in each
panel with p-values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue
are positive and negative correlations, respectively.
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Fig. 18h. Long-term changes in the bottom chlorophyll @ concentration in October, in 12 areas of the Seto Inland Sea
from 1981 to 2015. Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment. The slope of the linear regression (black line), using year as an explanatory variable, is shown in each
panel with p-values (* p <0.05, ** p <0.0001, n.s. p > 0.05) for the Pearson’s correlation coefficients. Red and blue
are positive and negative correlations, respectively.
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Fig. 19a. Spatial distribution of the surface chlorophyll a in January in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 19b. Spatial distribution of the surface chlorophyll  in January in the Seto Inland Sea from 2002 to 2005 (top) and
2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 19c¢. Spatial distribution of the bottom chlorophyll @ in January in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.

74



BB, BWFEH (2022) 1981 ~2015 FEDHFFTEIC 5155 K B H OIFLHIZEE) -
TTEE T — % # /O ARHT. R IES, HIER B IRE AN, [FREEHIETr, < IL. p. 89

Bottom water chl. a in Jan. (2002-2005)
(@)2002 a2 77 (b)2003

chl. a (mg m¥)
10 <30

Fig. 19d. Spatial distribution of the bottom chlorophyll @ in January in the Seto Inland Sea from 2002 to 2005 (top) and
2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.

75



BB, BWFEH (2022) 1981 ~2015 FEDHFFTEIC 5155 K B H OIFLHIZEE) -
TTEE T — % # /O ARHT. R IES, HIER B IRE AN, [FREEHIETr, < IL. p. 89

Surface water chl. a in May (1982-1985)

S

i - 7 (b) 1983

chl. a (mg m)
5 10 <30

Fig. 20a. Spatial distribution of the surface chlorophyll a in May in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 20b. Spatial distribution of the surface chlorophyll ¢ in May in the Seto Inland Sea from 2002 to 2005 (top) and
2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 20c. Spatial distribution of the bottom chlorophyll a in May in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 20d. Spatial distribution of the bottom chlorophyll @ in May in the Seto Inland Sea from 2002 to 2005 (top)
and 2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 21a. Spatial distribution of the surface chlorophyll a in July in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 21b. Spatial distribution of the surface chlorophyll a in July in the Seto Inland Sea from 2002 to 2005 (top) and
2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 21c. Spatial distribution of the bottom chlorophyll a in July in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 21d. Spatial distribution of the bottom chlorophyll a in July in the Seto Inland Sea from 2002 to 2005 (top) and
2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 22a. Spatial distribution of the surface chlorophyll @ in October in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 22b. Spatial distribution of the surface chlorophyll a in October in the Seto Inland Sea from 2002 to 2005 (top) and
2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 22c¢. Spatial distribution of the bottom chlorophyll a in October in the Seto Inland Sea from 1982 to 1985 (top) and
1992 to 1995 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of the
Environment.
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Fig. 22d. Spatial distribution of the bottom chlorophyll @ in October in the Seto Inland Sea from 2002 to 2005
(top) and 2010 to 2014 (bottom). Data are from the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry of
the Environment.
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Supplementary table 1. List of sampling points in the Kouiki Sogo Suishitsu Chosa survey conducted by the Ministry
of the Environment.

St. Area name Lat. Long. St.  Area name Lat. Long.

2 OsakaBay KB 34.6583  135.4092 328 Hiuchi Nada & 34.0033 133.1725
5  Osaka Bay N 34.5564 135.4122 332 Hiuchi Nada f&i#f 343833  133.1003
11 OsakaBay KI5 34.6950 135.3306 343 Hiuchi Nada & 34,0567 133.0425
23 OsakaBay KRS 34,6583 135.2639 344 Hiuchi Nada it 342056 133.0336
25 OsakaBay KI5 34.5486 135.2678 352 Hiuchi Nada & 342744 132.8961
37 OsakaBay — KBR% 34.3853  135.2025 359 Aki Nada L 34.1133  132.8475
44 OsakaBay KB 344397 135.1372 363 Hiuchi Nada & 34.2200 132.7697
48 OsakaBay KPR 34,6100 135.0922 372 AkiNada s 34.0033  132.7142
50 OsakaBay — KBRI% 34.4942  135.0719 376 AkiNada L 34.1133  132.6447
58 OsakaBay — KBKI% 34.3308 135.0067 382 Aki Nada L 34.1833  132.5767
64 Kii Suido HeFKGE 34.1675 135.1381 390 Hiroshima Bay /i J&57% 34.1983  132.4992
78  Kii Suido feftKiE 342222 135.0083 391 Hiroshima Bay Jis 5515 34,0617 132.5075
79  Kii Suido FeKGE 34.1128 135.0083 396 Hiroshima Bay /i J&5i% 34.3333  132.4558
86  Kii Suido HeFKGE 33.9486  134.9433 399 Hiroshima Bay /i J&57% 34.1150 132.4375
89  Kii Suido fefKiE 34.1128 134.8783 411 Hiroshima Bay Ji 5515 342900 132.3558
95  Kii Suido FofKiE 33.8583 134.8106 412 Hiroshima Bay JA 7% 34.0500 132.3567
98  Kii Suido feftKiE 34.0133  134.7472 423 Hiroshima Bay Ji 5515 34.1667 132.2892
103 Kii Suido feftKiE 34.1700 134.6806 426 Hiroshima Bay Jis 574 33.9967 132.2922
110 Kii Suido FofKiE 34.1033  134.6289 433 Hiroshima Bay /i 574 34.0983 132.2542
119 Harima Nada &S 34,6033 134.8761 441 Tyo Nada Fanie: 33.8383  132.6817
129 Harima Nada %5 34.4950 134.7450 456 Iyo Nada [Eimniel " 33.7814 132.5142
132 Harima Nada & 347633 134.6839 457 Tyo Nada {Finie: 33,6700 132.5142
143 Harima Nada #&EEHE 34.6033  134.6139 459 Tyo Nada Fanie: 33.8900 132.4856
147 Harima Nada &k 342767 134.6106 469 Tyo Nada {Finie: 33.6033 132.3142
150 Harima Nada & 347100 134.5483 473 Tyo Nada {Finie: 33.8367 132.2922
153 Harima Nada & 34.4408 134.5483 484 Tyo Nada Fanie: 33.8367 132.1633
164 Harima Nada &S 342767 134.4789 486 Tyo Nada {Finie: 337300 132.1633
168 Harima Nada & 34.6567 134.4172 487 Tyo Nada Fanie: 33.6233  132.1633
169 Harima Nada &S 34.5492  134.4172 495 Tyo Nada Fanie: 334517 132.0475
170 Harima Nada %5 34.4425 134.4194 498 Iyo Nada Eimntel " 33.8367 132.0344
179 Harima Nada #&EEHE 343911 134.3539 509 Tyo Nada (Pinie: 33.6767 131.9706
181 Harima Nada &% 342822 134.3539 512 SuouNada  J&EBfiE 33.8367 131.9053
182 Harima Nada &% 34.6644 134.2994 521 SuouNada  J&EIBhik 33.9967 131.8408
195 Harima Nada f&BE#E 343911 134.2206 522 SuouNada  JEBA#E 33.8900 131.8408
204 Harima Nada %5 34.5478 134.0931 527 lyo Nada (Eimntel " 333922  131.8442
213 Harima Nada #&EEHE 34.4425 134.0289 529 Tyo Nada (Pinie: 33.2811 131.8442
224 Bisan Seto  fiiaEi A~ 344158 133.8972 531 SuouNada  JEBA#E 33.7256 131.7775
237 Bisan Seto R 344047 133.7594 533 Iyo Nada (Eimntel " 33.5033 131.7775
238 Bisan Seto  fiiaEilf A~ 343169 133.7619 542 SuouNada  JEBA#E 33.8900 131.7119
241 Bisan Seto  fiiaEif A~ 345222 133.6986 550 SuouNada  J&IBA#E 34.0381 131.7008
248 Bisan Seto  fiif~ 343950 133.6342 562 SuouNada  J&EBhiE 33.9750 131.6522
250 BisanSeto  fiiaEilf~ 342914 133.6253 565 SuouNada  JEBA#E 33.7833  131.5831
254 BingoNada  fiitk it 34.1114  133.6275 575 SuouNada  JEBHHE 33.7256 131.5108
263 Bingo Nada {4t 342194 133.5625 578 Iyo Nada Eimiet 332811 131.5175
274 Hiuchi Nada £z 34,0567 133.4975 582 SuouNada  J&BA#E 33.8900 131.4539
276 Bingo Nada {4 342683 133.4833 588 SuouNada  JEIB/E 33.9750 131.3897
277 Bisan Seto RS 344178 133.4675 594 SuouNada  JEBiE 33.6256 131.3775
285 Bingo Nada %l 343300 133.4253 598 SuouNada  JEBfiE 33.7833  131.3253
298 Bingo Nada  fiitk it 34.1656  133.3681 605 SuouNada  JEBE 33.7256  131.2442
306 Hiuchi Nada J&i 34.1117  133.3025 613 SuouNada  JEBfik 33.8900 131.1961
308 Hiuchi Nada &t 340033  133.3025 617 SuouNada  JEP5iik 33.6383  131.1308
310 BingoNada  fifit% it 342889 133.2558 620 SuouNada  JEBf#E 33.7867 131.1325
312 Bingo Nada {4k 343911 133.2406 626 SuouNada  JEBfik 33.9967 131.0675
315 Hiuchi Nada J&i 34.1667 133.2375 632 SuouNada  JEBik 33.9367 131.0442
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Supplementary table 1. Continued.

St.  Area name Lat. Long.

636 SuouNada  J&EBf5#E 33.8417 131.0275
647 Bungo Suido &% /kiE 332317 132.4458
665 Bungo Suido #-f4/KiE 332317 132.3142
666 Bungo Suido #-f4/KiE 33.1217 132.3142
667 Bungo Suido &% /kiE 33.3900 132.2508
671 Bungo Suido E-#%/kjH 32.9550 132.2508
674 Bungo Suido E-#%/KjH 332317 132.1825
677 Bungo Suido &% /kiE 332811 132.1108
679 Bungo Suido E-#%/KiH 33.0589 132.1108
680 Bungo Suido &% /kiE 32,9478 132.1108
690 Bungo Suido &% /kiE 332811 131.9756
696 Bungo Suido H-#%/kjH 32.9811 131.9608
702 Bungo Suido &% /kiE 33.1283  131.8442
707 Hibiki Nada ¥ 34.0150  130.8908
714 Hibiki Nada %5 33.9600 130.8358
715 Hibiki Nada i 33.9850 130.8058

HAEZLZ 1 FL - 5 BB (2022) 1981 ~2015 FEDHEFTINVEIC 1517 5K B H DOFFL2 258 -
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English title: Kanaya and Maki (2022) Spatiotemporal changes in water quality in the Seto Inland Sea
from 1981 to 2015: Analyses of public survey data.
Marine Environment Section, Regional Environment Conservation Division, NIES, Tsukuba. p. 89
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