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Long-term fluctuations of the water quality in Tokyo Bay judged from
a data set of Chiba Prefecture

Mitsuhiro Isun™, Ken-ichi HASEGawa and Jun KakiNno™*

Long-term fluctuations in water quality properties such as water temperature, salinity, density, pH, dissolved oxygen,
NH,-N, PO4-P and transparency in Tokyo Bay were examined using a data set observed by Chiba Prefectural Fisheries
Research Center (CPFRC) for fifty-eight years during 1948-2005. As a result, it was shown that the changes of the
properties were related to each other. Water temperature was gradually increasing for a long term especially in autumn
and winter. This increase caused to prolong the existence of hypoxic water to late autumn. Also, difference in density
between bottom water to surface water as indicator of the stratification strength was related to the horizontal coverage
of hypoxic water. When the stratification was weak, the annual occurrence of red tides was small. Eutrophication fac-
tors such as hypoxic water, annual occurrence of red tides, NH,-N, PO,-P and transparency were most remarkable in the
1960s. NH,-N in 2004 has decreased to the same level of the first half of the 1960s. PO,-P was higher in bottom water
than in surface water because of the dissolution from reductive mud under hypoxia. It has decreased in the late 1990s,
especially in March. Transparency increased to the same level as in the 1960s but hypoxic bottom water and annual oc-
currence of red tides have not always decreased. Eutrophication in Tokyo Bay has caused a large decrease in catch of
the bivalves, flatfish and others. In addition, the recent rise of water temperature in autumn and winter has shortened the
culture period of laver Porphyra yezoensis. Moreover, fall of PO,-P in March has damaged the laver culture because

Bull. Jpn. Soc. Fish. Oceanogr.

nowadays no enough PO,-P for the growth of laver remains in the water after diatom blooming.

Key words: Tokyo Bay, water temperature, oxygen deficient water, NH,-N, PO,-P, transparency
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5. WREBOEERIZ 1960 LI Em ATt E (1
Rl ABERB#HY — Y22y 2 — 2004), HEBRHEREL
T/ VEBIZENTY, BLdXFEOHEREICLS
JVDEELBHYDEIIIE-TL B5E (FHIED,
2008) , KEBRBOBLAKEENKITTHEIRZ O,

THEEAERAMIEL Y 4 — (U, TEABHL) I,
KEDRIAICIE L, WEHANFBOREIZE D 5
BRAERMET 2720, 147FICHEBOKERAE % b
L, AEEE, AESEERE LA BEE TR L T
% (Fig. 1). ZHE TITBER (1972) 211956~1971 F D3
#, coD, BKEIC2OWT, HY - (O (1995) #
1947~1994 F-DAKWE, H5, EEDODOICDWT, B
(1995) %8 1991 - & TOR 40 FEFE DO TEAXKBH L D7 — &
EETES, WREBIEE, ruu 74 LalEE, BHEORK
WaET o7z, L2LEHS 195FLIED T — & & &
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AFEE, BE/IME—, fHE

o7z,

BERERHE

REOHMELHRAT — 2 OBINGE

THEAB . (TS TEEAENEL Y ¥ —, §i4TER
REEFRBRYS, A4 4 THBPNEAKERTE) 411948~2005
FICEM L - BKERAET - 2 2R LZ. A
i, 1951 F F ClEAAEH, 1952F~1965 032y R &
DOHFRA, 1966 FLIEITEBAFERL THB (72721 1974
4 H~1975F3 HD 14ERIZRMD) .

RITICIE, BEEBLTW3265D 55, HERBEY
MW 5k LT 58, 15, 3, 6, 9, 2, 8D 6 &N
7z (Fig. 1). Stns. 15, 3, 6, 9I3VBE D 5ELIZMAD > T
B> THAZETHY, St 2IXBEROTERM, Stn.
QITBEHS D THERMIZMET 5. KEIZ, NEIZ 11, 17,
24, 17, 145&020mTH 5.

AKEHEE L, K (C), ], BAREE (o), pH, B
BEEE (LUTDO, mli-17!), BHEBELNE (%), ¥E
BEO7 v B 7TRERRE (IFNHN, uM) &YV
BRRE ) VIRE (LIFPOSP, uM), BB & L. HIEH
FREFRFROBEBIZEWTHFRIZE D EE -7, KR
20004 & THIRZKERIBE R %5 L U STD (model AST-1000,
TLy o BTE, B 19764 £ TRIERERIGE TR /-
BRE» MR, 20#%, 2 ERXIE/4EF (DIGI-AUTO,
B RIEIED R\ TSTD (AST1000, 7Ly o B1-Hl)
FHGWTHIE L 7. pHidlbEE, DOV A Y27 —HT
HE L, 2001 FLIRIEAKE, 5, pH, DO % ZHHAKE
&t (ADR-1000, 7V v 2 BTHE), 20D%, RHOLEEK
BEF (WQX-1, =¥ A tuv oy 28) THEE L. NH-N
DHAMIEFAAT -, ZOHI4EET TSI Y F Tz
= NEIZ KBS, POPIEEY TV ERIZKS
e, 1994 FELIRIZEELESIEE (TRAACSS00,
TIv L= RE) THET R o2 1970FRLIRTO
AMTCREHE T TR ohhhr7ztEL6h5
728, SRIOMT CTIIERREER, MEREEROT -4
BEHALTHAEY, ZhsDRERER» SBEELIm
EFThrk-o7. &b, BHSHL S 1980 FRUZH TR,
N TRAR L 2R EKEARWTEEEB 2 ELZ, 20
7%, ZOHOSTD % £ OBEIC L ABIHME L KL T,
KERRBZOBHTIIIES 2MEDIZ, HEOMOBIZIZK
BOABDIZE S TS AREME2 & B 4%, KT CIIEHCE
BLahoi, EREITEEOmD ¥ v FH4E G TH
E L7,

72, REBEOEEARSL-HIZ, EE (BELF1m)
o DEN»6FEE CKEF05m) DEARKU T, £ELE
BOBEEERL L,

BHME S, HEHEICI2MBOVE, SAE, &/IME,
367 ATy, ARFEE2KRD 7. 36 7 ATy

%ﬁvﬁ

& [ ]
unabashi
31 [e]
35° 30" N —

Kannonzaki—
Boso Peninsula

35° 00" N —

I I
139° 40" E 140° 00" E
Figure 1. Observational stations in Tokyo Bay. Marine observa-
tions in Tokyo Bay by CPFRC were started at 1948. There
have been six large alternations of the stations, and 26 are ac-
tive at present. Data from six stations (15, 2, 3, 6, 8, 9; solid
circles), which have been active since 1948, were mainly
used for this analysis. Open circles were from an intermedi-
ated year to date. Open squares were from initial to the way.

Open triangles are stations that were active from 1966 until
2001.

EFREMTHICH 5 TI9665F & TILRIHD T — 2 KA 9K
W, DRI 18 R W OB EIE T IR, 1974F 0 K El
7 — 4 DA 172 1972410 A ~1976 % 8 A % Hlkk
L7z, SOFRIDERRL E 2 HET 5720367 AE)F
¥, ABO3 r EBFEHCOBTEFESIZK D, BH
EENMEN &R ZOR, ABIO 3 EREFEIZON
TIZ1965EE TOBMBHR T - 28 0WOT, HHAD
AEFALE., £72F x8) &H (y#) OHEHREX2Z
ek U CEBORME 4 72, BAEICEET 5 0EHE
HO DO, HEIHE, BWEIZ W TIBEE YR ORI,
BAEDWERRDOITIRIZ D /-,
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FEET—5Ey ML RIEEEILBT A KEDORILE)

MEOKEBETEHHAODEL

J U T, FAEICKBA18CUTIZ b & AELH
L, 1SSCULTICR 3 ERIBIWRE EDRBEOREND
BB, RELTAETEZIHRTDH . MEBEOKEE
{LOENTIZI, 1967~2001 SEIZMEARAR [LIUBSAL] A%/
) EFEEEHIC Stn. 8 TIT /2 - 724 H O KIBRIEB R % v
T, BEFENICCATH > =B HBLVISCATH - 72
REHERD, 3»FOBETVIYE L%, BREMNCK
0 R HZ B EE & FH 7

BERKIOREOHE

DO2.5ml- 1" LI T DA HBEEMDETFICKE LB E L
RIETZ s, ThEBBRFKEEERL W, 1989),
X5, 05ml- 1T BT OWAEER L, RAEEDHIFEH
THMBFEARBL ERLL T, BABEAKEDBED R AFHE
A (2003) DFBEIZHE > TEH L, LEEORHELD
ESICABORAER EMA T, AE, Stns. 15, 3, 6, 9D
DODEBE A5, 2.5mi-17", 0.5ml- 17 BUF DR # 4
ARODBEBEKRBOFRBOREL L, F—2IiTid
1956~2005 £ % TREDRAIE AR L=, 1989 F LI
A1RIDF — 2723 T, ZOMIZIT k- 2PBOKE
WEDF — 2 LI THEHOIF L LI,

FRER R
HRBTRARAREE L CWB L HET A REMEL LT, '
RBREARERERRESH 2005 12k [BRF ) —F
B~FE, BHES1SmBT, 29897 4 LaREDN
SCOR/UNESCO¥: T 50mg- m— Bl b, IBTFERREAFE H
150% L F, pHA8S EAE ), £/, B (1998) 12k D
DEAED 1LSmPT, REEDOMEE NS, KEFET
10° cells-ml™!, /NEFET 10* cells-mI™ ' BI L, Z2aw7 4L
aBEERIEL UEBEFENS0mg- m™] BEE XA TH
%, AWIETIE, 205 5EHAE1SmBT, pH8sSE L,
EBOMRAANE 150% LI EO &M & iz 354 Rk &
U7, Stns. 15, 3, 6, 9, 2, 8D 6RIZDWTH 1 EIOE
T — 226 BE LS FORMAE R L Uk, FEORE
¥, MESHIRNZI S 2 50D, 1966 F LIE IR
AIRIOZFER CEHT TOBRERTHE 206, B
B s R A O A A B IZE A7 EE L7z, LER
HHEDOIEHED S 5 1EHALSRBOBAITIE 2HH »3#
L3l e U, 2B BRAIOBEIEZ OEIERBRIT L
7.

B R

A b OFEEAER SN T 5 Stn. 32 ABIORER L
LT, Kk, RBLIEEBOEEZ=, DO, NH,-N, PO,P,
BB ORFELH #BkD 5 (Fig. 2).

KiE
2HMOKEBERAEL T LiIca b L, ERAKBOV-HEIE
174~17.9°CTH D, R TEWMEAIZS -7z, KREAKE

1315.9~16.5°CT, BHETEWEMIZH 54, KEIFEN
Stn. 6 Tk B{KA -7z, WAL, FEA28.5~32.4°C, K
fEHh1242~288°CT, R - [EfE& LERD S, 15 TEHH
Ehiz., B/MEEL, REH58~6.7°C, JEREH 6.0~6.8°C
T, £BIISM. 3, REIESM. 9ThH » 7=,

ERBTIRT~8FIZ25°CA2 A 5 REKRM, 2 A
10°C % T 2 BAR KB A S iz, KiBEORELH 4+
ABE, MEZEODI~1 HEIZ, 15°CORHMBIRLIZILA
25 1R2AICTIAAT, KEBHAIZER, BHE10°C%
TE 2B AEHES U IFEA L Tz, BB TR HEA
1220°C L LD B EAKIR, 2~3 Bi210°C LU T O BAKAIE S
ExoTn, KEOBRFELEIHEAD L, JKETE 10~2
AEOKEAZIZGRAIZER L, BEF10°CE# T3 Z &4
75 < 5T (Fig. 2).

A BIFEE 03 3 2R E R O AR (°C) 2R 5
¢ (HWEHADAR), £BIX, 1A, 11HOZA, 5HO Stns.
3,6, 8, 929 H®DSms. 15, 2, 3, 8 THEIMIZHERED
EWohiz (Table 1). 1H, 98, 11 AidEMERmTH D,
155720 0.03~0.05°CHIML Tz, LHL, SARRR
WAEE AL, 195720 0.02~0.03°CHA L Tz
EREIZ1IA, HADEA, 3ADSms. 6, 8, 9, L7AD
Stns. 6, 8 CHEEIICHFERE=ENADOH, 1H, 3H, 11A
IFEIMERTH D, 195720 0.02~0.05°CHREIIL T/,
TREBEAMERTH D, 14720 0.03°CRA L T
(Fig. 3).

RELEBDEEE (o)

Stn. 3IC kT2 ERBLRBOBEEZDEH +# A% L (Fig
2), RKEBARETZEF IS B, #HERAMEDTK
ZFIZBIUTICEA L7, EEOBEVIEHIIE I IC8
WAEBEOIERL, 1960FH, 1968F-H, 19754ER1#, 1985
FEHIR, 1998 FFIRICKELS o7,

DO
EHBODOEFER T LIZAD & (Table 2), BEDT-HY
B3 6.1~69ml- 17!, EEDOHRKIEIL 133~174ml-17' T,
WThBEBRTEWEBAIZD > 2. BEBOFHEI
34~43ml- 17" Th - 72, KEBOR/MEIL0.0~02ml- 17T,
TRCOPEH TEBEL LIZZTAIGEWIREEIZE 5
7z, kb, EBEOABREKIL 19554 7 AI2HEIE (Stn. 4,
2.0ml-17) TN THER X Iz,

Stn. 312K BEBLIERBODODEE % A3 & (Fig. 2),
FZRB T 1960 FE» 5 EZFIZ7.5ml- 17 %48 2 5 B\ MES
AENB LI -7 1975FEHIZIIE -2 28D, 10
m- 7' ABZAMHEEHY 572, 1980FEHIZ—~HET UL,
1985 FEHBE U EH L 72, 1990FEBUET L, 19954 14
fld EFERAZRL T3, BE T, 19564FHIZ2.5
ml- 1T I T OBBBARNL LN, 1956FLIRIZHEZIZ 2.5
ml- T B ORAAEECT I LS ICh 72, E51T1
ml- 1T LT BB Z L5 AbNTz, 2000F LIk, E
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Figure 2. Temporal fluctuations of water temperature (°C), DO (ml-17") , NH,-N (uM) , PO,-P (uM) , o, (bottom-
surface) and transparency (m) at Stn. 3. X-axis is for year; Y-axis for month.
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Table 1. Slope of water temperature (°C) per annum, obtained by regression analysis of three years running mean of
each month. (*: p<<0.05, **: p<<0.01)

Station 15 2 3 6 8 9 mean
surface January 0.04%* 0.05%* 0.05%* 0.05** 0.05%* 0.05%* 0.05
March —0.01 0.01 0 0 0 0.01 0.00
May —0.02 —0.01 —0.02* —0.03* —0.02% -0.02* -0.02
July —0.03 -0.02 -0.02 —0.02 —-0.03 —0.02 -0.02
September 0.05* 0.04* 0.03* 0.03 0.03* 0.02 0.03
November 0.04%* 0.04** 0.04** 0.05%* 0.05%* 0.04** 0.04
bottom January 0.05%* 0.05%* 0.05%** 0.05%* 0.05%** 0.04%* 0.05
March 0.01 0.01 0.02 0.03%* 0.03* 0.02* 0.02
May 0.0t —0.01 —0.01 -0.02 —0.01 —0.01 -0.01
July —0.01 -0.02 —0.03 —0.03** —0.03* —0.02 -0.02
September 0.02 0.01 —0.01 —-0.02 0.01 0.01 0.00
November 0.04** 0.04** 0.04** 0.03%* 0.05%** 0.05%* 0.04

Table 2. Mean, maximum and minimum of DO (mi-17") at each station in all observation periods.

Station 15 2 3 6 8 9 mean
surface mean 6.9 6.8 6.8 6.6 6.1 6.4 6.60
maximum 174 14.3 14.9 13.3 134 15.0
minimum 1.8 1.6 0.2 3.0 1.4 2.0
bottom mean 3.7 3.5 34 3.5 3.8 4.3 3.70
maximum 7.9 9.6 8.2 7.6 8.2 9.1
minimum 0.0 0.0 0.0 0.0 0.2 0.1

Table 3. Mean, maximum and minimum of NH,-N (uM) at each station in all observation periods.

Station 15 2 3 6 8 9 mean
surface mean 12 12 15 11 9 9 11.3
maximum 407 151 679 108 77 326
minimum 0 0 0 0 0 0
bottom mean 14 13 12 7 8 7 10.2
maximum 89 85 114 52 50 58
minimum 0 0 0 0 0 0

Table 4. Mean, maximum and minimum of PO,-P (M) at each station in all observation periods.

Station 15 2 3 6 8 9 mean
surface mean 1.0 0.9 1.0 0.8 0.9 0.8 0.90
maximum 17.1 4.5 7.8 5.7 6.9 7.7
minimum 0.0 0.0 0.0 0.0 0.0 0.0
bottom mean 1.8 1.7 1.7 1.3 1.3 1.1 1.48
maximum 15.1 7.1 10.7 7.1 54 5.1
minimum 0.0 0.0 0.0 0.0 0.0 0.0
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Figure 3. Water temperature (°C) three years running mean of
each month at Stn. 3. Values of January (solid circles), March
(open circles), May (solid squares), July (open squares), Sep-
tember (solid triangles), November (open triangles) after
1950 were calculated.

DILAEZT2.5ml- 1T DTk 2 Z & Aoz,
NH,-N
ZHIBONH,NZRER I LIRS L (Table 3), FH5fEIE
ZENPO~15uM, BEMNT~14uMTH O, BRTEL,
BOTEL &2 ERAAR LN, RAEIZERED77~679
UM, BERS50~114uMTH Y, EBTOEENEE LD
FLLEro7z, BRIIERE - EEBLLSn.3Th 7.
Stn. 312¥1F 5 RE L IRBONH,-NDEH 4+ A5 & (Fig.

2), EBIZ1962FEHE TlEAE <, 1963FEHL» 5 & EH
L, 1969~1970F-IZR A& & - 7=, 19694F 5 A IZ&HIR &
KDOGTIuM EFLFR L 72, EHICI94FEIIE -2 8 H D,
ZO%ED U 1980 F LI, EFE s uMAisk, £FEPR
%< 10uM THERE U 7=, 2002 F LIEIXFM 28 L Ts5uM
RETHRL THA. BB TIE1969~1970 1213 FEZFIT30
UMBEEDOE KB AL NI, —HEDL, 1974FI2RK
Ll o7z, 1975 ELIBRIRE THERE L 7228, 1994~1998 4
EIZIZED TRMB L. 199548 HICEHBRAD 114
UM % FRER U 72, 2004 DI IZ S uM % TRIZEE A5,
1960 #F-RATF & AFEE ISk - 7z,

PO,-P
EHBOPO,PEFER T LIZA D & (Table 4), I,
EET08~1.0uM, JEETLI~18uMTh D, HELD
BREOAPELS, BRTEWVEMIIS 72, /2, BT
P&, FEEATERMERIZS - 72, mKEIZE
A 45~171uM, BEAS51~151uMTh D, Wihid
VB Stn, 1583 KTH - 7.

Stn. 312b T BERBLIRBOPO,POEE %A B & (Fig.
2), BT, POPD LFIINHNDZH (1963 FLH)
LD ERRES 1965FEICHED, ¥—2131977~1978
FHEIZAL N, KM (7.8uM) 13197746 HICHEER &
Niz. ZOBITEHEAE T, 1990 FR%LLURIIE~EE
WWELLWAL, 05uMA FEIS &S iCk o7z, EETI
HBRIIEL, MEFIIRD TS, ELDRRELS, 1960
FEREE»SEHL, OBEEHIIE -2 B3ARLRZ, %
DH%, WH LR, ERICEWRA O, MEAER
1980 % F2 5 1uM & THIZEA AL, 1990 Fk
FREFELIBAL, 0.5uMETEIZZ &8 H 572, 2001
FLRERERRHEMUL T 5,

EHRE
2HMOZEREDFIME, &AM, R/Miz2#BERI LI
A3 L (Table 5), FHHiX27~38mTH D, BEHTHEL,
BORTEMATNTS - 72, 2HBEOFRKMEIZ ST 89D 19
m, B/MEIZ SN, 15, 6, 2003 mTH -7z,

Stn. 31 B BEHEDOEB) % A B & (Fig. 2), 19504F4K
BEN ST LEED, 1960 LI, HEEIHREIOE#E L
BAH15mPTIE T35 & 512k 572, 1965~1970 4%
BEP1LSmPTFTORIEAZ L, Z2O®%EHEL, 1FIX1.5m
BEick -7, 1980 FLBEE 11 A, 2HBEICSm
DEtoEr@BElchs kOl h-72. 1983FHL
2000~2003 FFEEIZ—IEH B LT3 A4, Ji# i3 1983 4F
1A 10mBlE, #%FIX1999F 11 H, 20004E 111, 12
AIZ10mAi#% 4R L 72720 TH 3.
BEOKERTHFHOEL
Stn. 81T B KEA18°CHEB LUV I5°CHE T H - 7k
HOREZE(L (Fig. 4) A3 L, 18°CHE% M2 eEEIE,
1960FERUZ 1L BHID TH 5720, ZOBRBRLIEL D,
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Table 5. Mean, maximum and minimum of transparency(m) at each station in all observation periods.

Station 15 2 3 6 8 9 mean
mean 2.7 3.0 2.9 34 3.7 3.8 3.25
maximum 12.0 15.0 12.0 13.0 19.0 16.0
minimum 0.3 0.3 0.4 0.3 0.8 0.4

15%C o
- 100
12/20 o (y=0. 248x+57. 3) "E — " nyposic all observations
| o, o A o, L L 907 L ryposic montny
12/10 o ® ° . ./ \./.‘. F2 g e/ 80— - anoxc all observations
-0 ] [ ) o @ - anoxic monthly
11/30 o S ® ® . 2.
1<-f—— —’o"JvL v 1% \. v / %.: g 70
o 11720 @ - 5
& Q o
2 11/10 9—g A Vi g 2
E o
10/31 F < =
s o
E <
10/21 _ ©
© 4=
S ©
10/] .I il L 1 il 1 1 L E
n o n o 123 o 1 o <
© ~ ™~ © © D b= o
o o (=2 (=2 [=2] [=2] [=2) (=3 o o [=) (=] o
= = = = = = = &g g & § & g
Year - = - - N

Figure 4. Changes of the dates to reach 18°C and 15°C at Stn.
8 each year. Three years running mean was calculated from
the values observed from 1967 to 2001 at Stn. 8 by
Shichishiromaru, the watch ship for oil pollution, and then,
last days in the periods of 18°C (open circles) and 15°C
(solid circles) were determined for each year. Straight lines
are regression.

1990 RUZIZ 1T A 10HEE & 5 T 72 (y=0.283x+31.8,
I0H1B#%0&95). 15°CHE% FM3HIE, 19604
INHKRETH > 72012 L, 1990FRIZIZ12A5HEE
&7z (y=0248x+573, 00A1HAZ0L93). Wihi
ETHIS A B B EH 2580 65 7z (p<0.01).
BEARKEORE

1956~2005 - SRE RN T D BB F K I & O R R KA
3 MEEHADR THEZ L ORKBBEIAOENEADB L
(Fig. 5), ABEFRAKIIL 19654 F TIL30% LU T T/hHET
b o7z, 1966~19874F 1%, 19724 & 1977412 20% LA F i
KT U284 T, 30~60%7E THERS L, BEEERAH
AMKREN 72, THIZH LT, 19884 LI, 19884
5 196 F DRI/ < -7, 2000FLUF, BUtE
U7, EBRIAKBILI65EE TEI~2%EETH -7
A, 1966412 33%, 1967 H 12 27% ICAEIC#MmL 2. %
DFIFFITET L, 1970 FIZHU20%II2BmL 7z, 20
B> U, 19804%, 2000 LI RBEM L Ty /-,
HZEwrvub & UTHEAE 1 [T & -0l & FHTicm A
5L, BBEEAK - BMERAKHAELENTI2HEEA6NT
L, BREFAKE - BBRAKBEOK E & 57 DREOUEN
I > TEHBTER T 5 Z LA VREhiz.

<

ear

Figure 5. Change of annual maximum of the percentage of hy-
poxic (2.5ml-17!, gray and light gray) and anoxic (0.5
ml-17!, black and dark gray) water mass in the vertical cross
section in Tokyo Bay. Gray and black show the results from
monthly fixed observation only while light gray dark and
gray for data since 1989 show all observations for each year.
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Figure 6. Annual changes in the number of red tides occur-
rence defined as when transparency was less than 1.5 m, pH
was more than 8.5 and DO was more than 150% at six sta-
tions (Stns. 15, 2, 3, 6, 8, 9). If one factor was not observed,
the other two factors were referred to for judgment. If two
factors were not observed, the data were excluded. The data
were totalized by an odd number months from 1952 to 1965,
and in all months since 1966 but 1974,

FBORERY

6FRE R TORBOFAE (Fig. 6) ik, 1954, 1958, 19614F
WIZERFRIET DAL, 1962FLIRERHL 2. &
LD o DL 1968FED 22T, RFEIZWHAH L =H,
1986~1988 SE M 34X L4 72 (9~161F). 19894ELIFE

— 195 —



HIOtE, BENE—, T i

1990 FER BT I DB VIR X |, 1997FE» 5 R E
VRIS TV (A~111F).

£ =

MEZOKBERETORE

AFRICK D, RRBOKBRORHAZEIL, 367 AH
TR FRERSED b, BERIZR-> TR LAS
ETERICS D, M~EAFEOKIR EFRIZ K - THEMPHE
DEFPRE TN I bl o7z, 2O LIIRREEL
(2003) D 1976~1998F- D T RE R R /AKIE 2> (2004) D
1960~1975 4 & 1993~2003 FF-DLLEHER  (—E85 10D @Ak
F— a2 hkED) E—HLTWE, 9A, 11A0KEB LRI
MEOKRETESOENE 2D, 1 ADKE EFIIRIK
KO LHRELS, FRICTHICBEB SN ZEEZOKT
i, BRBAKEBESMETEAZRLTWEZEEHEBRLTWS
EEIONZ, —F, MEEOEERIGZA ML, &
FIIHEIRADBIHR I NS,

MEOKER EFIZ, KEORBML, $#HERADENIZD
BHRD, WRBOWBERETKEAMEL K-> T 38R
FARBOEHL, ERHOEBNETERI LTS, &
B OMHER, S, HEI0ADKBLIRBOBEE XN E
HL T304 T, 11 HDEBODOBME T LT3
ZEMWRENZ, WHIZE ST HHIZEERAD TH
N, BERRKESEIKE THKT 52 &2k 3,
FRBTIE, ERIAVETE CRAELEY P ERIREIZ L 5
2, BEBRFAMOBHBEORIETSZEP/6N TS
(R=ZH, 1983). BEMEONEOCZKERSTHA BEDS
BT, ARFAKABIEDIEICSBENEDOFES LWL,
ZOEORIEIZLED 28, BIEFRKILO MG OELE L
JRAEAMOBAEEIZRELSHET .

FBBRFRNMICKDIEEY? BT 5 PO,PI, BUEAN
BOEIKEBICZ S AL Tz, Zh SERA DR
PBEL G770, HAICEIMERE b2 60
3.

KEDOEBHETLICHED FOMDODKEFEREANOZE

TABXUVIADRBRKEERBKOBEXT AbHRED
ML, 1960FFUE, 19684FHH, 1975 FRitR, 1985 F-Hitk,
1998 EFI RIS K E W, —%, HIXBHWHE D MDARE
KENA1Z 1965F~19774F, 19854 R/, 1990 F1R %1z
KELE-TED, KBORI LMWL THEZ LHED
hiz. EBBKEGOBEIL, BHERREREGRLE S
BT AMEEATRL Tz, BN L, FRRELSF
L Hh - 72 1960 FREIEH 6 1970 FRBA, 19804FK
%BEEB L2000 5 HDOEBBEKRENAIEE» 572, 2D
R R B IRE KO BB RILIC K - TR, 5B T 25
PO,P % 11 HIZHENMER TH > 7z, [BEKHDPO,PAE
W EIZDWTR, BRICERME WY VHARBRRIRET
DL EIC kB30 ELIONS. F72, 19804

REFH 5 1999FKD7H, 9 ADIERED PO,-P DT
BIEMEARL TS A, ZORIREREKEE (Fig 5)
BIETLTHY, BKBOPO,PIIEBREBEKDOFRELREEL
TWBZ RIS,

FRED R A D b 5 72 1980 FARATF I & V71989
F~1990ER1Z, BBLERBOBEEZENNX L, REOE
WA 722 &R, BBEAKEEGENEro7Z L, &
AEOREED PRPE» 722k EIFIT R/ LTE
D, ZOE () OBREFICE > THEIh I EREN
DORBICX > THRHORERBBRE 722 L 2EbI
5.

MEOKE LRI, RRBEOEERETH 5 / ) ERHIC
MEEE5 3, HRBICEIT B VEBETIXISCLTIC
BAHEEEFRBL, ISSCUTICAS LRENVRAEED
REOREN L &, ZOKEBEEILE L TEET
EHHRE LD, 18°CH % PHEISEEHIL, 1960 D 10
AEH2 5, 1990FRD11 10 HEIZZEL L, 15°CHEET
|5 HiE, 1960 XD 11 A20 HES 5, 1990FRIZid 11
AREEONTHENIOHBEN -2 LIl 5. 2K
KEOEFIE, HE)VOAEL THEL > TVWELE
DEEEARBIIH LTS, HEOHEHERE OB et A
Zzoh T3 (W), 2002 ; E4AK - SEE, 2003).
EXRE(LEERR DOEIR
KEREOBNE A S L, KEKDNH,N I 1965 FHH 4
5 EELU, 1970FRBIZE -2 AR, ZOBIIERE
BOBRBLEHYS, WAMERETRLTHEYD, REBENSEL
7o T2EEEDIRTOM & th R B &, 1960 B AT F-HD IR EE
EFCHEELAEZEIZAS. 1960 ER %L 5 1990 FRH
FETIE, SBEEETCER» b RB\MEAZIIHBEE NS
PO,P 0.5uM Z# 4 Tz, EFiE1 B0 SuM % T
\Y, 3HEICEEL WAL, /) BEFEICRESH T
ETW5, 19904 & THRMH L 2=EBFH (1995) 12k % L,
ARUGIKD PO,-PIX 1 uM AT THERE U, EMZEAL PR T
BNEBRRTWE, LrHrL, SEHOHERS» S, 199144
PO PIXELITIHALTWBZEWREN, —F, K
J&KD PO,-PIIEBAKD Z h & [FkRDEBE & 78 L T
AH, KEKED LWAEEINNE W, B, o DARE
ICRELSHERZZIAEBLIZRALD, KR, 6 DEHI
WEEZT 570, BEEFEKENBEERIZ NI &R
KEEZohi,

FEED &S ERFEBONE # & X2 LBHE & OBKR TR
AMZAB L, NH,N & PO,-P BE D - 72 1960 SR 1T H
51970 FRETIT T T, EHEMELS, FERESK
NEL, ERBHRFTH M TR EN-EBREKINALH
Mol ZTDH%, BREHEICK S, DER, VYV,
CODEMEHIEDEIZL > T, KBEIKFEEADDH
BZenbhrd. e, ThoOERENICELLHEE L,
FHOBREMIC L ->TEEHT 52, ZO&S LEEHT

— 196 —



TEREF -5ty b REEE LB 2 KEORYES)

ERELRBOBERILLIRBORI L EEELTHA T
LR N,

L2 L, EEOEBFEKEEOEMIZ, NH,-N, PO,-P
O EFBREFE ORI TZRIZERDS L TENT
EDRSROMMICE > THEA L2, bdL72& 5z, &8
FARORA, FEIZET 3REORE B L OWBIRIZ
T HRICREDIET R L BHEIZEBRL T3, FREoRER
Felgkh 5 DERL U v OMEE KOk BLIckTT 5. 2
OS5 BHETIE, 8%, VY, CODWEOATEISHD
LT3, LaL, BMEEKBRO EFIZ X - THRE B
IZE BT AR A R L TWB I &, BENER LM
HTDEEORILREDEREBOAMIRICENR BN &
n, BBEKEAEPHED U AN LIZKE<SBERLTNS
CiEEE NS, L2rLAasrs, 1999FRIZA-%, K
B AEEIC L 3 BHOARBANOWERSOREGEIZD X
{E->T\3 (K%, 1986, 2006). B FARE LD
B ESRIEEFMZX 579 OKEBRTHE LD K
ol en b, BREIZKDPOFHLMIREEHERD LT
LUl E LN,

BHEIIODWTIE, REIOMENETHBIEEDTH,
oI ENTERML ARV LT, 11, 1/, 3
ATREMERIZS - 7. R, 1999F LI, 10mPl L
DEVEHESBRI XN TS, MEAZOMOEIRA Y
Mid, BREZHFOREEEOHEBAHH <, b
(2003) 12 & B LR B ORI LG ICEEN
ZREMEICEE2 2N TEFICTRICERS R, HEsH
HlaEhseEZONTWSE, ZOZEREAFIIBVWTER
BB OBEEKS WP LT BT L %R LT
5.

RRBOBARPEE & RE L OBF

WHBO, BEAGDREREERIIRD 225721950
FRALD 5 1960 FRUZ 2T TR 16 Tt TH 57248, 1993
FIZF4 TR TESZ ETRAD L GERIEBEARERR
-2y g—, 2004), BLPEORLELVDIZ KA
HTho, ZO3BMAICERTETAHA, MYFA,
PRGBSI ONWTIE, BEMISES LT, BE
KOBBREMTH D H L A HIFEREDORADIEKEL, 1970
B 5 1990 FRABEF £ Tk 1000~2000 t I X I 7z
OB, 1999FLIEIZ 500t I TIZIAA LT3 (FEK,
2003). AVAKH, TAHNA, bUFA, HEIEHOWE
BORELL BIRBBETERBEEBEN, 1959-2006)
EHR U 72 MR ARG A OREDRAEORELL
(Fig. 7) A5 &, L 4 i 1960 FE%1IZ1E300~1000t D
WD - 7=n, BEBEFRAKIAASPILAL 2 RFERIC,
100~200tiZ¥Ik L7z, 2 D% 19734 DIFEEIE L, 400~
1500t THEE U724, 1999 FLIFERA L, 200tH THERE L
T3, THHAE, 1969FLEDT — 4 Lk,
1969 €12 5000 t 1M X 7=, WA Litid, 19804ELIKET

1600 [ =—®=—Flatfishes - 40
1400 } anoxia
1200 |
1000 |

800 |

)
600 | \-_/.\_l

400 |
200 |

10000 === Bloody clam 9 40
anoxia

1000

100 |

10 F

Catch (t)

10000 [ ==— Japanese cockle 9 40
anoxia

1000 |

100

250 p—s~— Swimming crabs 1 40

Annual maximum of the percentage of anoxic water mass (%)

anoxia
200 |

150 |

100

50 |

1950
1960
1970
1980
1990

Year

Figure 7. Annual catch of flatfishes, bloody clam (Aradara
broughtoni), Japanese cockle (Fulvia mutica) and swimming
crabs and change of annual maximum of the percentage of
anoxic (gray line) water mass (after Chiba agriculture and
forestry fisheries statistics annual report).
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