KIEMTERRZE 72(3)  189-199, 2008

FTERET -2ty bPSRERTREICE T2 KEORMEE

A, ReIfdE—, fi%r A

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

Mitsuhiro IsHir®, Ken-ichi HASEGAwA and Jun KAkiNO™*

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
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nowadays no enough PO,-P for the growth of laver remains in the water after diatom blooming.
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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.
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HBIEA A U3 3 AR -2 O KR (°C) % [l o3 %
E (FAOR), iz, 1A, 11HOAR, 5 HO Stns.
3,6, 8, 9L9HMDSMms. 15, 2, 3, 8 CHATANIZHEED
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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 0.01 —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 (ml-1~") 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 17.4 14.3 14.9 13.3 13.4 15.0
minimum 1.8 1.6 0.2 3.0 1.4 2.0
bottom mean 3.7 3.5 3.4 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 (uM) 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.
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MO NH,-N &2 FERH T &12A S & (Table 3), I
EIERO~15uM, BN T~14uMTH D, BERTEL
BT L A2 A A L N2, e KMEIEERE 2 77~679
UM, B 50~114uMTH D, KETORENIEE LD
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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
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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.
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T L7224 2T, 30~60%% CTHiRE L, BRaEAH|
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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.
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Figure 7. Annual catch of flatfishes, bloody clam (Anadara
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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