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Long-Term Variability in Water Quality in Osaka Bay:
A 50-Year Record from Fixed-Station Monitoring'
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Summary

This study quantitatively evaluates long-term environmental changes in Osaka Bay, using a 50-year dataset (1973-2022)
derived from a fixed-station monitoring program. Osaka Bay is a semi-enclosed coastal system characterized by pronounced
spatial gradients, comprising a well-mixed western region and a stratified eastern region influenced by substantial riverine inputs.
Trend analyses revealed a significant increase in seawater temperature throughout the water column, with an overall rise of
approximately 1.1-1.2°C over the study period. In contrast, dissolved inorganic nutrients, including nitrogen and phosphorus,
exhibited marked decreasing trends, particularly since the late 1990s. These declines are closely associated with reductions in
anthropogenic nutrient loading driven by environmental regulations. Concomitantly, water transparency increased, whereas
chlorophyll-a concentrations and chemical oxygen demand decreased, indicating a decline in phytoplankton biomass and organic
matter levels. Dissolved oxygen conditions in bottom waters showed partial improvement in offshore areas, although hypoxic
conditions persist in the inner bay. Change-point analyses detected regime shifts during the 1990s, likely reflecting the combined
effects of climate variability and anthropogenic influences. These results indicate that Osaka Bay has transitioned from a
eutrophic to a more oligotrophic state, raising concerns regarding nutrient limitation in certain regions. Continuous long-term
monitoring is essential for understanding such complex environmental changes and for developing adaptive management

strategies in coastal ecosystems.
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@7§%f£ﬁlﬁAﬁi XD IEEEFRAEIC 72 D 2 E M LI UIRHER STV D, [RIREDOKIETH D 5 AL 11 HEA 8
A, S AVREL RO RBROEETH 5. JEEIT, L5 LAKE~DRGFERREL, 2 AldkbmEm<, 8 Al
HWEK 7pole. RS, MHECEM L DA FROESREESC, AR LT EARE CARR S N D& T E Ot
V2 DAL FROBESRTHE S N S BRI TS Tl 2 OIS CThote. —J5 T, BRSOl iR g £ /K
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FIED DO I3 E), FLEPRZ VL RBETR MERTHY, hLr RiX2 Alcoipitishn, ZokE X
1340.025 mg/LAETH -7 B30, F31X, F1R). Py 7HRIEL 2 AT —Z D 1994 FF ST DH D
HThorz GHE30XK, FH3K, HF1K).
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IO Y, 1990 AFRUTIT S HITH N Uiz, RV CIE 5.0 mg/L DL EOWEEAIER L TRY, 2Ok Clx
DO 7 EFEIAIZH 5 B DD, BHEIBOIFIRTIX 1980 FFRUABEARESRASLO AR & A L2 L T,
INHDT END, AFET8 ADERE TR ENI-IED F Ly R, BrEEHO FRERORELZ T TND EEZ S
5. RBEOBEMHFAME, T=AF 27 U —FEERICHE D AR D OACEEIROIRIN. L WV IHEN A SIS 2 L

DHHITEY 2, FERCED X 9 72 8B A7 — /DA X NTEET S Z Eonb 32, Blgsa/KILoRARIO R
H7HRIZ I Tk /e e =2 U U I RIRA[ R Th 5.
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DI a7 4 )V a BPEEIS RIS IUTUEAS, 2005 FFEA HA£IZ 20 pg/ll & BAlD 2 L137e<leoTz (B35 K). &
72, WEREETH S 79.7 ng/lL Zickk Uiz 1995 48 A2, Bl Thalassiosira spp. & Skeletonema spp.iZ &5
SRS, TERVEER Tl Karenia mikimotoi  (CAFFE. Gymnodinium mikimotoi) 2 X 5 RN ENUREF CTRA L TRY
), St.5 T5919ug/ll , St.8 T223.0pg/L #itdkLC\5. hLY RIZEAT—4, 5 A, 8 HldKish, TORES
IXENZEI0.145 ng/L/AF, 0.137 pg/L/AF, 0421 ng/L/AFEE 8 AIZBEEIZIK T LW GB35 X, ZB361X, 61%).
Cx T BRULS AT, 5 A, 8 AITRIHE, £E12006 4, 2005 4F, 2007 £ CH Y (GFH 35X, 5536 X,
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A E 2T, 2003 AEIIAGETEIC BT D/KERMEEE & LT COD Iz T R (TOC) MERENS L5
72722, KR STEREE A K PERS S TTHTKEERTEER C & b T- 61T 2020 FELUEEHIITE H 525 COD ZEsk L,
PhE OFAE L LT TOC ZHIE LT\,

=

50 DT HEUAFE RS, KEBIZIT 5 Z OMACOFE W EERIEOZ L & LT, KR ER, FEERE DK
TOETHND. K[EGITHEY F & D HATHEOHERAMROEIZ R (https:/www.data.jma.go.jp/kaiyou/data/shind
an/a_l/japan_warm/japan_warm.html) (222 &, 2022 AEFE TOR LZ 100 FERITHOT- HUHRCFHNER AR EEFE) O
HERITH1.24°C/100 FE T D & SHLD. 1973 LD 50 DT — 2 OZAflH U CRMT L7 & 25, +1.06°C/50
Lol AR 2 KRB ORBANRD EFIFH1.15°C/50 £ (B 13%) &, BATMEOEAME L il LTRSS
LT ende. e, KBOY v 7 DX A I 71, MOER &L TR, 1990 FCHEEICEE 5
fHE & 72T, TNHDV v L, A v REX A R—/LE— RBIZIZ LD 1994 FEDREER 1998~1999 ARG
NIz V=L 7 MY TEREOILDFBELEZTTWD EEZ DR, Uy TORE L REEDRKNE, Bk
HOWEROICDZ A L 78T 5 Z ENERSN TS 10, A% LRI < fTREMIImE <, AW
WA~ OFZBNISAT, IKEEHED TAUTEIS LTV Z eI D,

MY, DIN, DIP & HISBAMEENEE T, $52 DIN TN TOT—X 1y MZBWTHHAD kL R
SNz, RAEEORDIEREHHNIAE S B8 O OAREORBD N ERFR &EE X i, U o aamamdil o HEE T
ROKEHC BRI OB L BRI S A 2 73 —E LTz, SRR T Gl iR NS O KIGE T, I
IR FE O T o TR AR REREIE O EN D L TR Y, AR L L TEFBIRENHESR
FIRREA~OBE R SV TND 2. RBRBIE, KESTTCFEZH) OR AANEREIZER L TR Y, BRALE I
T COBRBEARDE LV . E£7z, WL CHEIC L0 PSR BREETERL S L2 2 & C, REHOGAMITRY 2L T
BY, WHERAEIE U SR ERO OGN TS, £, KIRBIRERIC L T, KEZT TR Ao RER
5, 5L U CORIMIRG, IBRORRORAIRENRE <82 Z 20n, 202 FIZE &b [TED KR
Bl ARAE - 4 - AT T ) BOP T, KREZE 3 SOV — Ky L, FNENOMEZ I % 2 L TX DMl
MR ZHEES 2 & ST 2.

PLED X H1Z, KREBI IS GEAECERERH DR CEREEN R E <AL LT D, F72, 1970 H LIRS <47z
A P e o 22 Bk D RS &\ o P KRB MR, TS L 0, MKIREI N (L L QD & b Ebh, EJRORIE
FHRROFHA DG, BITEERRZSER ORI ETE OIS TAAEL LT 2 E BRI SAIL TV D 2. I BITTFETI,
PR LSO 77 AT 7 Lo T i eI T LTI 0, KIS T HHKD pH OIK T 3OCHEEEDH LA N
LDOVA T T TGAF v 7 DR IPHES N TS, ZOXICHELSD LB HBEE & 7= 2R S5
7l BREIEROERIEETH Y, SN CEMNRT=4 Y VRS LICEEIL > T B LB BNA.

e

AREDOEE « T £ &7 S ONTAWIGER GOSN 3720, IKPEWTFE « ZeEsts KPERRIIZERT O R 21X
ZR25 ZhlEA -T2, Eiz, SHETOTIEEALR, (IASERITT, @EOTETETET LB ER F#E Tt
N2z, Z ISR U GRS EEH L BT S, ek, ARRCHEH L7c7—218, HIRI, [LARKWAZ I LD &
DI OFHTFYLE, TS E 7 & NIRRT E ST ORI O RN L » THAS - RSN b D ThD. =2
WZORECREHH L BT 5.
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FTIRK FLUFREDSYUT (—RIRE)

BHE = 2 SANAN ST
pMK SS SS50 pPT CP VAR
7Kim *E =H 0.000*** +0.023 +1.15 0.000***  1997/3 +0.67
[°C] 2R 0.018* +0.029 +1.45 0.041* 1987 +1.59
5A 0.108 - - 0.024* 1993 +0.63
88 0.116 - - 0.077 - -
11H 0.005** +0.023 +1.15 0.007** 1997 +0.82
10mfg =H 0.000*** +0.021 +1.04 0.000***  1997/11 +0.62
2H 0.009** +0.031 +1.55 0.057 - -
58 0.068 - - 0.072 - -
8R 0.907 - - 0.505 - -
1A 0.001** +0.027 +1.35 0.000*** 1997 +1.00
EE =8 0.000*** +0.022 +1.10 0.000***  1997/6 +0.56
2H 0.020* +0.030 +1.50 0.089 - -
5H 0.031* +0.019 +0.93 0.041* 2001 +0.59
8H 0.973 - - 0.555 - -
1A 0.001** +0.027 +1.37 0.000*** 1997 +1.00
s *E =A 0.004** -0.009 -0.43 0.005** 1997/1 -0.19
[] 2R 0.366 - - 0.366 - -
5H 0.228 - - 0.530 - -
8H 0.043* -0.035 -1.73 0.028* 2005 -1.93
11H 0.462 - - 0.591 - -
10mfg =H 0.885 - - 0.069 - -
2H 0.751 - - 0.497 - -
58 0.132 - - 0.166 - -
8H 0.639 - - 0.936 - -
11H 0.432 - - 0.827 - -
EE =8 0.605 - - 0.148 - -
2H 0.738 - - 0.600 - -
5H 0.146 - - 0.328 . -
8H 0.493 - - 0.785 - -
11H 0.452 - - 0.704 - -
ERE 2HA 0.000*** +0.027 +1.35 0.000***  1998/2 +0.87
[m] 2H 0.427 - - 0.277 - -
5R 0.003** +0.042 +2.10 0.013* 1997 +1.08
8A 0.003** +0.038 +1.89 0.001** 1997 +1.20
11K 0.094 - - 0.142 - -

p MK: Mann-Kendall#&EDp fE (***: p<0.001, **. p<0.01, *: p<0.05), SS: ALY FDARES Sen's
slope (/%F), SS50: #REZELYFDAES (/504F), p PT: Pettitti@EEDp B (***: p<0.001, **; p<0.01, *
p<0.05), CP: Z1bF (2 AT-YDHAETRLE), VAR JvV THIEOELE (PRIENR-2)
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F1%& (D33 GFHIER)

BB = boSTANV S vyt
MK ss 5550 oPT cp VAR
DIN %@ %8  0000** -0334  -16.68 0.000" _ 2002/2 29.84
(uM] 2B 0000%*  -0580  -2898 0.000%* 2002 17.34
1 10,
58 0000  -0316  -15.79 o000 199 -193%
88 0001*  -0.072 -3.60 0006 1993 2253
1B 0000** -0359  -17.96 0.000%% 2002 1131
EE 28 0000** -0198 2989 0000+ 1998/11  -541
2B 0000%*  -0292  -14.60 0.000%% 2001 872
58 0000%*  -0.186 2932 0.000% 1998 576
88 0000%*  -0.102 -5.98 0.001% 1998 1343
1E 0000+ -0.184 2918 0.000% 2002 469
DIP  ®E £A 0000  -0006 2030 0.000  2004/8 2017
[uM] 2B 0000%*  -0.011 -0.56 0.000%** 2003 -0.29
58 0277 - - 0.251 ; ;
88 0122 ; ; 0353 ] ;
1A 0000  -0.011 054 0.000% 2003 036
EE 28  0000**  -0006 2030 00007  2002/11 _ -0.11
2B 0000%*  -0.008 20,40 0.000% 2001 017
58 0011*  -0003 -0.13 0001% 1986 2012
88  0010*  -0.010 -0.51 0.063 i -
1A 0000**  -0.006 -031 0.000%* 2002 -0.16
DO ®E 28 0538 - - 0.660 - -
(mo/L] 28 0001*  +0.025  +124 0010+ 1994 +0.75
58 0195 ; ; 0.723 ; ;
88 0255 ; ; 0.435 i -
1A 04105 - - 0.127 i ;
EE 28  0001*  +0008  +0.38 0004 19992 +027
2B 0049*  +0006  +031 0.110 i ;
58 0083 - - 0.075 i -
85 0038  +0016  +078 0.152 ; ;
1A 0324 - - 0.754 - -
Chla ®E <8 0000  -0145 7,26 0,000 2006/2 377
lug/L] 28 04129 - - 0.339 ; -
5B 0016  -0137 -6.83 0.008* 2005 712
88 0000%  -0421  -21.05 0002 2007 -9.96
18 1.000 - - 0.951 i -
COD #E £A 0000  -0010 2052 0.000"*  2007/5 20,40
(mg/L] 2B 0295 - - 0320 i -
5 0002%  -0022 21,09 0022 2007 068
88 0085 - - 0.181 i -
1A 0124 - - 0.065 - -
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