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@:SP1-1~SP4,Plankton and water quality investigation points. The inflow part in four rivers.
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Fig.1 Ogochi Dam Reservoir and the water survey points.
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The number of plankton's at SP5 was obtained from the plankton number destiny in production layer (treble depth of transparency).

The water temperatures observed at SP12 to SP15 are shown in Fig.3. The broken lines show the difference of the inflow layer by the season.
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Fig.2 Schematic diagram of Ogochi Dam Reservoir system including sampling points (SP1~SP12) .
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F—1 HAGBIRARS (SP5~SP7) Ll 5 &7 ARTHLAL (SP8~SPI12) (2.5 [ROFHE | JeAko ) A k
Table 1 List of water bloom for developmental period from reservoir inflow parts (SP5~SP7) and the dam point to lake center
(SP8~SP12 in 1978-2003.

A EEE, W 2 ) 7 R, O Rk, W RS EEE, O: MG, @: AUAUNIT RS, O Wik

316

6H8H~6/21H

7H13H~7]119H

OChlamydomonas sp.,
O Peridinium spp.
O Chlamydomonas sp.,

O Peridinium spp.

A Bacillariophyceae, ¥ : Cryptophyceae, [1: Chlorophyceae, B: Chrysophyceae, O: Dinophyceae, @: Unclear small flagellatae, ©: Cyanophyceae

SH1H ¥ Cryptomonas sp. | SHTH~5H9H ¥ Cryptomonas sp.
5H17H~5}26H | ¥ Cryptomonas sp. SH15H~5H23H  |¥ Cryptomonas sp.
SHTH~5H24H | O Peridinium spp. 6/28H~7H4H | ¥ Cryptomonas sp. | 6/J23H O Peridinium spp.
9H17H~11H16H | O Peridinium spp. 9H21H~11H16H |O Peridinium spp. 10H29H O Peridinium spp.
1H6H~1119H  |O Peridinium spp.
5SH14H~5H20H | O Peridinium spp. 5SH13H~5H20H | A Pandorina SH12H~5H20H  |O Peridinium spp.
7H3H O Peridinium spp. 6H17TH~TH14H | A Chlamydomonas sp. | 6 H23H~6H25H | ¥ Cryptomonas sp.
7H9H~7)J]10H O Peridinium spp. 7H2H O Peridinium spp. 9H1IH~9H22H  |O Peridinium spp.
9H8H~10H27H | O Peridinium spp. 9H2H~10H27H | O Peridinium spp. 10H1H~10H21H |O Peridinium spp. TH14H~TH19H | OPeridinium spp.

8H21H~9H3H OPeridinium spp.
SHeH~SH11H O Peridinium spp.
7H10H O Chlamydomonas sp.
9A1TH~1019H | O Peridinium spp., 9H17TH~10A19H | O Peridinium spp., 9H1TH~1019H  |O Peridinium spp., 9H23H~10/13H | MUroglena americana
B Uroglena americana B Uroglena americana B Uroglena americana
4H9H O Peridinium spp. 49H O Peridinium spp.
4H23H O Peridinium spp. 4H23H O Peridinium spp.
4J130H O Peridinium spp. 4J130H O Peridinium spp.
9H17TH~9H13H | O Peridinium spp. 9H17TH~9HI13H  |O Peridinium spp. 9H8H OPeridinium spp.
9H10H OPeridinium spp.
8y O Chlamydomonas sp.,| TH22H~8H31H |0 Chlamydomonas sp., | 8 F iy O Chiamydomonas sp., [8 H1ISH~8H31H | OPeridinium spp.
O Pandorina O Pandorina O Pandorin
IATH O Peridinium spp. 8HTH O Peridinium spp. 9H14H~9H26H | OPeridinium spp.
4H5H~4H39H | O Chlamydomonas sp. 4H5H~4H39H O Chlamydomonas sp.
8H8H~9H13H ©Microcystis spp. 8H8H~9H13H ©Microcystis spp. 8H8H~9H13H © Microcystis spp. 88H~913H ©Microcystis spp.
7H29H~8H8H O Chlamydomonas sp.
TH10H~7H17H | O Peridinium spp. THTH~TH17H O Peridinium spp. THTH~TH17H O Peridinium spp.
9H10H~10H9H | O Peridinium spp. 9H9H~10H9H | O Peridinium spp. 9H16H~10H9H  |O Peridinium spp.
ZXRSNIEEP (FHEN ANVE N O—H) ThT I BBOEBIROLNLN TN THEL [KO% | BT B ES L or. [ KOEOTEREL
ZCRONEE (FHEN NE N O—E) ThT I8 EOEEATROLNLD, TSI TIHRL KO | 2T A ESR ol | KOEDRHERLL

AKDFEDMERRL 8J129H~10/14H | ASynedra acus
6/18H~7H3H W Uroglena americana| 6 118H~7H3H B Uroglena americana| 6J113H~7H3H B Uroglena americana |6/J21H~10H4H | M Uroglena americana
TH4H~8H9H O Peridinium spp., 7H4H~8H9H O Chlamydomonas sp.,| 7H4H~7H20H O Peridinium spp.
B Uroglena americana O Peridinium spp.
9H10H~9H20H | ©@Microcystis spp., 9H10H~9H20H  |© Microcystis spp.
O Volvox
9J125H~10/13H  |O@Microcystis spp..  |9H25H~10/]3H  |© Microcystis spp.,
O Peridinium spp. O Peridinium spp.
10H8H~11H15H |O Peridinium spp. 10H5H~11715H |O Peridinium spp. 1015H~10H30H | OPeridinium spp.
7H2H~7)J130H O Peridinium spp. 7H2H~7)123H O Peridinium spp., 7J123H~7H30H  |© Microcystis spp.
O Volvox
8A12H~8H19H  |© Microcystis spp.
9H2H~9HTH O Chlamydomonas sp.,| 9 H2H~9H7H O Chlamydomonas sp.,

O Pandorina

O Pandorina

7TH16H~7H24H

8H10H~9H7H
9HTH~10/13H
10H23H~11/5H

O Peridinium spp.

©Microcystis spp.
©dAnabaena spp.

O Peridinium spp.

7TH16H~7H24H

7TH28H~8H1H
8A10H~9H7H
9HTH~10/3H
10H15H~1115H

O Peridinium spp.,
O Pandorina
©Microcystis spp.
©Microcystis spp.
©Anabaena spp.

©4Anabaena spp.

7H20H~7H24H

8H10H~9H25H

9H28H~11H30H

O Peridinium spp.,

O Chlamydomonas sp.

© Microcystis spp.

O Peridinium spp.

8H14H~9H7H

©Microcystis spp.
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, W Cryptoph : Chloroph W Chrysoph O @: Unclear small flagellatae, ©: Cyanophyceae
5H6H~5/]16H ©4nabaena spp.
7TH1sH~8/325H  |OVolvox 6J128H1~8/110H (O Volvox 7TH15H~8J125H | OVolvox
SH19H~9H16H  |© Anabaena spp., 8HI0H~9H28H  |© Anabaena spp., 8HI10H~9H16H  |© Anabaena spp., 8H25H~9H16H | © Anabaena spp.,
© Microcystis spp. © Microcystis spp. © Microcystis spp. © Microcystis spp.
9H16H~10H21H  |O Peridinium spp. 9H28H~10H26H |O Peridinium spp. 9H16H~10H21H | O Peridinium spp.
4J128H~5/116H | @ HEAHIINUEEEHEH 9J122H~9}127H | © Microcystis spp.
10H13H~11H17H |O Peridinium spp. 10H13H~11H17H |O Peridinium spp. 10H13H~11A17H | O Peridinium spp. 10A27H~11A1H | O Peridinium spp.
6J127H~7H6H O Peridinium spp. 6H27H~7H6H O Peridinium spp. SHI2H~5A150 | @ERINIREEHS | 6 A27H~7H6H O Peridinium spp.
7H20H~7/23H |0 Volvox 7HI18H O Volvox 7TH17H~T7/120H | O Volvox
7H24H O Volvox , TH19H~7124H  |OVolvox, TH21H~7)J124H | OVolvox,
O Peridinium spp. O Peridinium spp. O Peridinium spp.

7H25H~10H31H

© Anabaena spp.

7H25H~10H31H

© Anabaena spp.

7H25H~10H31H

© Anabaena spp.

7H25H~10H31H

© Anabaena spp.

TH23H~9H23H  |O Peridinium spp. TH23H~9A23H  |O Peridinium spp. 8H9H~9H23H © Anabaena spp. 9A2H~9H23H © Anabaena spp.
7TH29H~10A16H |© Anabaena spp., 7TH29H~10H16H |© 4nabaena spp., 7H29H~1016H 9H2H~9H23H © Anabaena spp.,
© Microcystis spp. © Microcystis spp. © Anabaena spp. © Microcystis spp.
7H17H~8H6H AFragilaria crotonensiy 7 17H~8 H6H AFragilari i 7TH17TH~8H6H TH17H~8H6H AFragilaria crotonensis
8H6H~8H21H © Anabaena spp.
8H21H~8H26H |0 Chlamydomonas sp.
8A6H~10A14H  |© Microcystis spp. 8/16H~10/114H  |© Microcystis spp. 8H21H~10/14H |© Microcystis spp. |9 11H~9H23H | © Microcystis spp.
TH15H~8H18H  |© Anabaena spp., TH15H~8/18H  |© Anabaena spp., 7H8H~8J118H © Anabaena spp., 8 T HH~929H | © Anabaena spp.,
© Microcystis spp. © Microcystis spp. © Microcystis spp. © Microcystis spp.
TH26H~10H% © Anabaena spp., TH26H~10Hk © Anabaena spp., TH26H~10%K © Anabaena spp., 8H2H~10H L4) | © dnabaena spp.,
© Microcystis spp. © Microcystis spp. © Microcystis spp. © Microcystis spp.
A Fragilaria
SH17H~6H7H O Pandorina
61130~ A dsterionella 6H13H~ A dsterionella 6H13H~ A dsterionella
6H19H~8[3H | A Asterionella, 6119H~8/13H  |A dsterionella, 7TH3H~8/3H A Asterionella,
© Anabaena spp. © Anabaena spp. © Anabaena spp.
8H20H~11]th1] |© Anabacna spp. 8H20H~11"14] |© Anabaena spp. 8H20H~11]1K | @ Anabaena spp.
VUA~12H T4 |OPeridinium spp. | 1WA~12H T4 |O Peridinium spp. | 113 F4)~E4E | O Peridinium spp.
WME4E~1H14H O Peridinium spp.
SHIH~ @ FERYYNUHEE R
SHISH~6401  |@ AR NISETHEM, |5 15H~ © TEANYINUEEEHNL SHISH~6 4010 | @ FEANNIHEE,
O Peridinium spp. O Peridinium spp. O Peridinium spp.
6H13H~6A25H  |O Peridinium spp.,
O Pandorina,
© Anabaena spp.,
© Microcystis spp.
6H2611~10H28H |© Anabaena spp., TH23H~8H20H | © Anabaena spp., 8H27H~10H28H | © Anabaena spp.,
© Microcystis spp. © Microcystis spp. © Microcystis spp.
ARER~SHT @ FERHYNUHEE
SHTM~6/14H  |A Cyclotella spp.
6H6H~6H8H @ A NUBEE RS | 6 H6H~6H8H A Cyclotella spp.
TH25H~ A Cyclotella spp. THIH~ A Cyclotella spp. TH25H0~ A Cyclotella spp.
THHE~9H10H © Anabaena spp. THA~9H10H © Anabaena spp. THA~107K © Anabaena spp. THI9H~10H% | © Anabaena spp.
9[19H~10H 4 |© Anabaena spp. © Anabaena spp.
10 g ~ %4 O Peridinium spp. 107 g ~ B4 O Peridinium spp. © Anabaena spp.
HE4E~1 g O Peridinium spp. ME4E1~1 Ay O Peridinium spp.
ARFR~5 A4y O Chlomydomonas spp.
TH18H~ © Anabaena spp., TH18H~ © Anabaena spp., TH18H~ © Anabaena spp.,
© Microcystis spp. © Microcystis spp. 10H22H~11}]14H |© Microcystis spp. 8/J4H~ © Anabaena spp.
8HIH~1114H  |© 4nabaena spp., SHIH~11H14H |© Anabaena spp., © Anabaena spp.
© Microcystis spp. © Microcystis spp. i) 9H16H~ © Anabaena spp.,
© Microcystis spp.
9H130H~11114H | © Microcystis spp.
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Fig.4 Example for plankton's measurement in production layer.
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FH, BENEOEEMEEERICOVTIE, 7 (R’—1). 2B, MIREAOAER 2OV T,
NP ELIHPHLbDREERBIIBITSLT T B AT 404FAC IS B EE BT 2 v CHlIlGE L 72 &8
Y bR ET A, BB, EHHEOIEKED HOFERNS, BHEOMEKEZ LR & BlE L
10 m#% Bk 2 72354, 2L EOKE TR S 7z T, BEETHwTwE (Ry#KER, 1974-
PEIZIomEF L E LTREAET 2. | RICEHAEBIZ 20030 19924F ) .
R
HERBIIBITLT 707 P BEEOT 5O
F—2 ENIGIAR (19774 ~20044F) O 8 LB 2 EHEOETY), AWM, RAMEDLE
Table 2 Transition of annual average, maxima, and minimum value in transparency of dam point.
1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990
average 4.6 4.5 4.2 5.5 4.7 42 2.7 4.6 5.6 5.3 5.9 5.5 4.8 5.6
max 7.0 7.2 6.7 10.0 | 8.1 8.1 8.5 8.8 9.8 8.9 8.7 9.2 9.1 11.2
min 1.4 1.5 1.6 2.8 1.1 0.3 0.4 0.9 2.0 1.7 2.9 2.8 2.0 1.2
1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
average 5.1 5.4 7.0 5.9 6.3 54 6.9 5.2 5.5 6.5 5.5 5.7 4.8 6.2
max 142 | 9.7 9.2 9.9 8.8 9.9 11.0 8.1 7.6 | 10.0 9.9 9.1 8.2 9.4
min 0.5 1.3 4.9 1.4 3.5 32 3.6 22 3.5 4.0 0.6 2.5 1.7 32
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Table 3 Transition of number and species of Cyanophyceae at dam point at 1974-2003.
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Cyanophyceae Month number of
1 2 3 4 5 6 7 8 9 10 11 12 the year
1974 Chroococcus 2 6 4 1 11
Chroococcus 17
1975 . . ! 10 4
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Oscillatoria 20 76
1977 | Oscillatoria 9 12 | 8 | 58 | 67 | 26 | 103 | 3 13 8 7 152
1978 Chroococcus 1 2 6 9
1979 | Aphanothece 43 57 1 1 201
1984 | Dactylococcopsis 1 35 18 1 2 35
1985 Dactylococcopsis 4 2 3 3 29 1 29
Oscillatoria 17 32
1989 L
Phormidium 10 8 1 32
1991 Aphanocapsa 1 3
1992 Anabaena 1 3 3
Anabaena 1 1 3
1993 Microcystis 1 4
Anabaena 1 5 5 1 9
L Microcystis 1 2
1997 Microcystis 1 1
Anabaena 3 9 19 2 40
1998 Microcystis 4 1 13
Anabaena 2 76 | 122 | 3 1 290
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Microcystis 8 1 23
Anabaena 28 8 17 3 4 28
2000 Microcystis 1 2 2 2
Anabaena 6 7 67 3 122
2001 . .
Microcystis 30 40 144
2002 Anabaena 1 21 7 5
Anabaena 1 120 83 1 680
2003 Microcystis 1 18 17 3 240
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Transtation of Water Quality Class in Ogochi Dam Reservoir in
Terms of Status Changes of Phytoplankton in Production Layer

Tkuyo MAKINO P Kaoru TAKARA 2 Yasuto TACHIKAWA 2)

D Graduate School of Urban and Environmental Engineering, Kyoto University
(Kyoto 615-8530, Japan)

2) Disaster Prevention Research Institute, Kyoto University
(Uji 611-0011, Japan)

Lake Okutama is an artificial lake formed by the Ogochi Dam that blocks the upstream of the Tama River.
Analyzing the plankton data of 30 years (1974-2003) at the Ogochi Dam point, this paper characterized the water
quality transition that can be divided into three patterns and three periods in terms of the increase of dominant
plankton species. This paper revealed that the recent water pollution phenomenon is caused by the third pattern,
which indicates an increase of cyanbacteria. After the enforcement of "selective withdrawal" in 1992, Anabana and
the Microcystis became the dominant species in 1999. The selective withdrawal has changed the flow mechanism of
the reservoir. It was considered that management of dam reservoir operation was related to the appearance of

Anabaena and Microcystis, which cause the water pollution.

Key words : Ogochi dam reservoir, phytoplankton, water pollution , selective withdrawal



