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The effect of isolation of the water column on

the physico-chemical and biological conditions

Abstract

Changes in physical, chemical, and biological conditions in the water columns
isolated by enclosures were studied ar Takahamairi Bay in Lake Kasumigaura during
1980—1983. Four types of enclosures were used. Type I (5mX5mX2.2m) and
Type 11 {ZmX2mX2.2m) enclosures were open to atmosphere and to sediment,
Type I'b (SmX5mX2m) and Type II-b (2mX2mX2m) were open only to atmo-
sphere.

In Type I enclosures, biomass and species composition of phytoplankton and
zooplankton did not differ much from lake water for a 43-d period during the
winter and for a 78-d period during the summer except that number of phyto-
plankton species decreased in the late summer. A bloom of Micrecystis was observed
both in Type I enclosures and in lake water. Total heterotrophic bacteria increased
only during the summer. Net system production (P = sedimentation + increase in
phytoplankton biomass + increase in zooplankton biomass} in Type | was lower
during the winter but higher during the summer than in lake water. Due to the less
vertical mixing within enclosures, the net system production was high. Meanwhile,
Microcystis accumulate to the surface water in enclosures. Dissolved oxygen at
bottom decreased during the summer in Type 1. The concentrations of nutrients did
not differ much in Type I from lake water,

In 2 Type I-b enclosure, phytoplankton biomass (Bp) decreased to 2 half within
two weeks after the start of experiment during the summer. Green algae were
dominant and cyanobacteria were far less in number after then. Number of species in
Type I-b was larger than lake water or Type I, but those phytoplankton occurred one
after another in small groups, The mean phytoplankton biomass was 25% of that of
lake water but the system turn over rate,Ps/Bp, did not differ between Type I-b and
lake water. Biomass of rotifer decreased within two weeks after the start of experi-
ment and did not increase much afterwards. The mean zooplankton biomass was
about a half of that in lake water, and its ratio to the mean phytoplankton biomass
was ca. 1 in Type I-b. Cyclic oscillations were observed both in zooplankton and in
phytoplankton biomasses. Total heterotrophic bacteria tended to increase immedi-
ately after enclosed, but decreased to the level of lake water afterwards. Nutrient
conditions were quite different from lake water: Total phosphorus decreased within
two weeks; The concentrations of reactive phosphorus oscillated in June when the
experiment was started and remained at low levels during July—August; Inorganic
nitrogen decreased gradually rowards the end of August. No oxygen depletion at



bottom was observed.

After the start of experiment during the summer, phytoplankton biomass
decreased to a half of the initial biomass within 10d in Type Il enclosures or within
4d in Type II-b. Number of total bacteria did not change much but total hetero-
trophic bacteria increased in both Types II and 1I-b. Zooplankton abundance had a
sharp peak during a period of two weeks after the start of experiment. Ps and Ps/Bp
in Type 1I-b were comparable to those in lake water within this period. Dissolved
oxygen contents in water columns decreased with time more sharply in Type LI-b

than in Type Il during the summer.
As for water temperature and light conditions, these four enclosures did not

differ much from lake water. The biomass ratio of attached algae on the walls to that
of phytaplankton in Type 1 enclosures were 13% during the winter and 12% during
the summer. The ratio for Type I-b was 10% during the summer,

When these enclosures are used as model ecosystems of Lake Kasumlgaura the
maximum feasible experimental periods for Types I, b, 11, and 1I-b are three
meonths, two weeks, 10d, and 4d, respectively. A device is pecessary to Aremlovc
attached algae on the walls of enclosure, when an experiment is conducted for much
longer period even in Type L
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Fig. 1 Map showing the location of experimental enclosures at Takahamairi Bay
in Lake Kasumigaura
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Table 1 Sizes, volumes, and designs of bottom of five types of enclosures set up in Lake
Kasumigaura

QOpen Dimension Volume
Type to

sediment? (m) (m?)
1 Yes 5 X5 x%2.2 55
11 Yes 2X2X2.2 8.8
1-b No 5X5Hx2 50
Iib No 2X2x2 8
Ii-b No 1X1x1.8 1.8
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Table 2 A list of enclosure experiments in Lake Kasumigaura during 1980-1983

25 May-10 Jun.

Dura- Type Treatments,”Objectives Reference
. tion of
- i enclo- Isola- Phos- Alum. Water Fate Fate Zoo- Zoo-
No. Period sure tion phorus  sul- hya- of of plank- plank-
- addi- phate cynth C-13 N-15 ton ton
(d} tion growth  grazing
.1~ 5 Nov.-18 Dec. 1980 43 I 2 1 Chap. 2
2 3 Jun.-19 Aug. 1981 84 I 2 2 Chaps. 2 & 3
.3 27 May-19 Aug. 1981 91 I-b 1 Chaps. 2 & 3
4 22-25 Sep. 1581 3 I-b 1 1
) 17-29 Dec. 1981 13 I-b 1
6. 27 May-10 Jun. 1981 14 I, 11-b 4 1 Chap. 2
7 22-29 Jul. 1981 3 I, 11-b 3 1 Chap, 2
.8 18 Aug-2 Sep, 1981 14 1.11-b 2 2
9 18 Jun.-3 Aug. 1982 46 I 1 2 Chap. 4
10 10-16 Aug. 1982 7 I, Ir-n 2 2 Otsuki ef al
(unpublished)
11 25 May-10 Jun, 1983 16 I 1
12 1983 16 l-b 2 2

Number of replication is shown in the table
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Fig. 2 Design of Types I and I-b enclosures
Upper left panel : A layout of the frame and stages ; A : A cross-sectional view of
Type I enclosure ; A" : Type I enclosure before the experiment ; B: A cross-sectional

view of Type II-b enclosure,
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Fig. 3 Design of Types II and [I-b enclosures

Upper panel : A plan view ; Lower panel : A cross-sectional view of the enclosures (left,
middle, and right show Typell enclosure before the experiment, Typell during the
experiment, and Typell-b enclosure, respectively}.
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Fig. 7 Meteorological data during May - August 1981

a : Mean and maximum wind speed ; b: Incident solar radiation and precipitation.

Data from Atmospheric Pollutant Research Building in NIES.
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respectively.
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Fig. 10 Diel change in underwater irradiance at 0.5m depth in Type [ enclosure as
expressed by the percentage of incident solar radiation measured above water
at the float statiton
Data were collected at every 10 minute over a period of 5 d from 26 May 1983. BT :
Daily total solar radiation {Einsteins m—*d™!).

i) 1 Einstein=0.0286 1~'cal=0.120 A 'W-s, X LARKEOEE M) TH b, BREFOFHER I 512,
1 Einstein=5.12 % 10°cal par (par : X&EERAME) =2.14 ¥ 10°W par sTH 2 (Harris, 1978),
fEo T 198348 5 B 26 R0 28 A ERE RS £ A2 R 256cal par cm=2f i 225 cal par
cn ity b,
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Bl 1bizd EH (1982 € 8 H 10—11 B) oTypellROAPEBEOHEE &R+, KB 1mL
LETRULAEEORERRI LY, RBUK -7 BEORYE, HilvKEroktEI6N
3, HEEREOHER G NEWZ Lo, TypellAKBWTE, BRCE 7o— b RBIZLE S
HDBEACGRIZ NI D051 L5, Livl, 7502 brvBOSZVGECDW TR
SHEBNEET 3,

F3I, HHAERED > b7 ao 7 4 VBEIC L 2HEEF R OKROWENAR A % Type
1, Type I-bDRgEE AR P R U8k & CHg % Lz, £ iz Type [ O BREKRA D kyid ik 4
INES, 0.24 56 0.69Thot, 5 A28 HOMTIEEHT1.4—2 DEATLEARB LD
FEP o2 b OO, KMEBOASODBY £EL TV, 272 Type I bTRFH0.7 L& o
720 BRI CWITERIC L VELT 5 2 L AKEVDY, BRRC2WTRRBETTETH S,

* 3 @A, Typel RBEAKFR (Encls.1-5), BUFType [-bFREEAR (Encl6) &
DHFRFIET 287 A— 5 —{H

Table. 3 A comparison of optical parameters in lake water, Type 1 enclosures (Encls.
1-5), and Type I.-p enclosure (Encl.6)

Site Number of Ze k Chl.a, K
obser-
vations (m} {m™) {mg m %} {m™)

7 Nov.-11 Dec. 1980

Lake water 8 1.5 3.1040.42 122413 1.14+0.49

Encl.1 9 2.0 2.34+0.41 106+ 8 0.69+0.46

Encl.4 g 2. 2.15+£0.23 96+21 0.60+0.37

Encl.5 7 2.0 2.34£0.21 13922 0.24+0.19
9 Jul.-22 Jul. 1981

Lake water 12 1.1 4.36=x1.31 11655 2.04x0.93

{Sts.1&2)

Encl.2 2 1.9 2.5 £0.6 57 1 1.4 0.6

Encl.3 2 2.3 3.0 £1.6 48+ 24 2.0 £1.2

Encl.6 2 5.6 0.8 +0.1 6+ 3 0.7 £0.1
25 May-5 Jun. 1983

Encl.4 21 1.8 2.52+0.35 48_+14 1.5640.30

Z, : depth of euphotic zone {m) ; & : extinction coefficient (m=") ; Chl.a, : mean chlorophyll @ concentration
(mg m™) ; k, : extinction coefficient due to water, suspended materials other than phytoplankton, and
dissolved matter (m™*) {(=k—%. Chl. g : & : extinction coefficient for chlorophyli a concentration, k£.=0.016
m? mgChl.a~! for the winter and k. =0.020m* mgChl.z~! for the summer. Values are mean+ SD or mean *

range when two observations were made.
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Fig. 14 Changes in chlorophyll ¢ and nutrient concentrations in Types I and II-b
enclosures and in lake water during the summer in 1981
a : Chiorophyll @ concentration ; b : Total phosphorus ; ¢ : Soluble reactive phosphorus;
d : Nirate nitrogen ; e : Ammonium nitrogen,
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Table 4 A list of phytoplankton species occurred in lake water and Type [ enclosures
during 5 November—18 December 1980

Species Lake Encls, Encl.
water 1&4 H
Cranophyceae
Anabdaena affints Lemm. + + +
A flos-aquae (Lyngbye) Brébisson + + +
Aphanizamenon flos-aqueae (L) Ralfs. ++ ++ +
Chroococcus sp. -+ + +
Daciviococcopsts fasciclarts Lemm, A 4 ++ +
Comphosphaeria lacusivis var.compacta Lemm, + 4+ ++ +
Micracystis aernginosa Kitz. + 4 + 4 +
Mertsnopedia spp. +
Phormidivm tenie Gomont ++ + 4 +
Syivchococens sp. +
Bacillariophyceae
Cascinadiscus lacusiris Grun, + +
Ciclotella sp.l +++ ++
Cueloletla sp.2 ++ +
Melnsiva granwlata (Ehr.} Ralfs -+ ++ +
M.granulata var.angustissima Mull, + +
M.granulata var.angustissima fo. spirelis Mull, + + +
Sveedra acus Kiitz. . +
S rmmpens Kiitz ++ ++ +
S.berolinensis Lemm. + ++ +
Chloraphyceae
Actinastram hanizschii Lagerheim +
Ankistrodesimus faicatus Ralfs + + +
Carteric sp. +
Closterinm acieedure T.West ++ + +
Chlamydertonas spp. -+ + +
Crucigenia crucifera Collins +
Kirchnerviella sp. +
Micrackinium pusilfum Fresenius +
Mougeotia sp. ++ + +
Pediastrien duplex var, reticulatiom Lager. +
Scendesmus spp. ++ ++ +
Tetracdron spp. + + +
Tetrastrumm stawrogeniaeforme Lemm, N ++ ++ +
Westella botrvoided De Wildeman ++ ++ -+
Cryptophyccae
Cryptomonas sp. + + + +
Chrysophyceae
Chysochromudina sp. ++ ++ +
Qchrontonas spp. +++ 4+ ++

+ 0 <107 cells ml™; + 10— 10" cells ml~F + 4+ > 10% cells ml-.
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Table 5 A list of phytoplankton species occurred in lake water, Type 1 enclosures
{Encls.2 & 3), and Type I-b enclosure (Encl.6} during 3 June—14 August 1981

3 June—10 June

15June — 9 July

15]July — 19August

Species Lake Encls. Encl. Lake Encls. Encl. Lake Encls. Encl.
water 2&13 6 water 2&3 6 water 2&3 6
Cyanophyceas
Angbaena affints Lemm. + -+ +
A flos-aquae {Lyngbye) Brébisson + + + +++ +
A.viguieri Denis et Frémy + + +
Aphanizomenon flos-aquee (L) Ralfs. + + + + + +
Chroococcus sp. + + + + + + + +
Dactylococcopsis fascicularis Lemm. + + + + +
Gomphosphaeria lacustris var. compacta Lemm. + ++ + + + + + + +
Microcystis aeruginosa Kiitz. ++ ++ ++ +++ ++ + +++ +++  +
M.wesenbergii Komarek + + +
Merismopedia spp.
Oscillatoria sp. +
Phormidium tenwe Gomaont + ++ + + + +
Synechococcus sp.
Bacillariophyceae
Asterionella formosa Hassall + + + +
Altewa sp. +
Coscinodiscus lacustris Grun, +++ ++ ++ ++ + + +
Cyclotella sp. | +++ 4+ ++ + + + +
Cyclotella sp.2 +++ 4+ ++ +
Melosira granulnta (Ehr) Ralfs o + + + + + + +
M. granulata var, angustissima Mull.
Nitzschin sp. + + + + + +
Synedra acus Kiitz. T +
8 rumpens Kiitz. ++ + + + + + + +
S. beroldsensis Lemm. + +



Chlerophyceae
Actinastrum hantzschii Lagerhem
Ankistrodesmus falcatus Ralfs
Closterium aciculare T.West
Chlamydomonas spp.
Coelastrum cambricum Archer
C. sphaericient Nageli
Crucigenig crucifera Collins
Elgkatothrix gelatinosa Wille
Eudorine elegans Ehrenberg
Golenkinia sp.
Kirchneriella sp.
Lagerheimia citriformis Smith
Micractinium pusillum Fresenius
Odcyséis spp.
Pandering morum Bory
Pediastrum duplex var. reliculatum Lager.
Scenedesmus spp.
Schroederia setigera Lemm.
Sphaerocystis Schroeteri Chodat
Tetraedron spp.
Tetrastrum staurogeniniceforme Lemm.
Volvox aurews Ehrenberg
Westella botrysided De Wildeman

Cryptophyceae
Cryplomonas sp.
Rhodomonas sp{?)

Chrysophyceae
Chrysochromulinag sp.
Dinobryon sp.
Ochromonas spp.
Mallomonas sp.

++

++

+ o+ o+

+ 4+ + + +

++

+ 4+ +

+ o+

+ + + o+

41 0.1gCm% ++:0.1-1gCm% +++: >1gCm™

B 210 W B s e (o o

&A



BRICbRERBORE—sNED >, Thibb 6 A 310 ADMIR 7 A 8D Cyclotella spp.,
Coscinodiscus lacustrishE S L 7H 15 B, 6 8§ A 19 B £ T3 7 8O Microcystis aeruginosa
DG LTz, BRORIEHI TR S > B Anabaena flos-aquae = M. acruginosahifidi U 2 it
L Type ] @EEAROCESERIM. aeruginose ODHUEEED Volvox aurens, 7)) 7 FED Cryplo-
monas sp.CHBES I E» -7, Typel DY 75 > 2 b 3BREHEEFENE TREKL DEL
ofzss, THI1SHUBIREHAERU < 0.1g Chle mLlbchiL 7 (K13 a),

Type I-bota 77 > 2 + Y BERE, BEEZ2EAMT0% BRI LZ0®RIBIAETH
0.01 g ChLam™>T% - 72(B0 13 a),, Typel -bTid M. aeruginosald 6 H 15 H LI #0 U2 AR
REUT, #EoEn T2 b oAb bbb D HRT AN RELBEMSEERL L
(®5),

1980 FERHOEM 77 > 7 + i3 Type | DBBEKA L V#AOM THEB R A S 2E i
AERITInoT, b LENE L, Asplanchna priodonta, Brachionus caliciflorus, B. angularis,
Keratella cochlearists ¥ 338G L, BHBEOESEBFCEHEZ -7, 1ASH»S 12A 188 %
TOFEER I Type I ®Encl. 1 T 0.05g dry wtm™® 2 {&2 o /288, fizEncl. 4 T 0.24 gdry
wtm™, UrRALKEnl5T0.16g dry wt m37Eikdrdd 0.18 g dry wi m™* K &R
WiA s ol,
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ZHEAE LT s 2:EM T TType [, WA L@ Lo, igd{EwE THEEL, HET 3
Trikieroiz, 6388 H19H FTOEHHIFRIZType I ®Encl. 2 T2.76g dry wt
m?, Encl3T244gdrywtm?THDEAD2.Mgdrywtm™?r KELBLWiERsad-
726

Type [-bOBE AR Tt LSO P, trigla, Asplanchna spp., Brachionus spp.7z ¥ 550 2 8
ORI IE & A PR L 228, MOBAE, SRS RS ERIEPETL Twiz, 6
B3H»s 8 A 19 B TOVYRERIX 1.2 dry wt m™* THPRDKHSTH 27225, Type I-b
WO 77 b v OFHBER T2 L 208EEELP0.75ETH >, Type I-b
NCToE 757 by e B 777 b DEBERD E, HI16CRT &5 EHORAR
BHLE AEIECIEBHERVET Lo ERENL, EREN TS0 v ORFEEH LS
bET, TR THEEZECHSEHL, 8750 ook s b0k ER v (M
16), fto¥BEHCIIOLIREBRR S ko7 (K 13b-d),
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Fig. 15 Changes in zooplankton biomass in Type 1 (Encls.2 and 3) and Type I-b (Encl.
6) enclosures and in lake water during 27 May—19 August 1981
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Fig. 16 Oscillations in phytoplankton and zooplankton biomasses and changes in

ammonium nitrogen concentration in Type [b enclosure (Encl.6) during 27
May—19 August 1981

29—



3 +— POLYARTHRA
= BRACHIONUS €.
+~— < BRACHIGNUS B.
»—= ASPLANCHNA
=—eFILINIAR

— BASMINA

RBUNDANCE {1068 H-T)

0 S 10 1€ z0
TIME D)

Bi 17 Typell (a) R U Typell-b(b)DREEARIC B 28877 7 + v BEFER
DEEBORFW R 5 — '

Fig.17 A typical pattern of change in zeoplankton abundance in Typell(a) and
Type 11-b (b} enclosure (27 May—18 June 1981)

Typell, Typell-bO AR T, 75 > 27 + v Obt LEOEGFEE 3 EHOMIE—-
DE—7 OB, ARCETFEMMETT 2.9 —rHasnz (|17, 3IBMNU EDRER
b2 EBERATHLELLD, TOBROEER Y — YD TIRTHTH S,

EEH DT 1980 FAHIT A K U Type [ BEEAF S &  2.6X 10°ells mi~'/» 5 5.
4x10°cells mi-' DRI EZEBL, FAEEHBCDOWLTE 41X 10%ells ml 55 7.1x 10 cells ml™!
OREEEH U8, SEK, SEHE L ICHBREE Y — s s kb o, LA HHS
12 A 18 A2 COHK, Encl. 1, Encl.4, BUf) »RE 2RI 72 Encl. 5 W & 2 E L&
FNERN, 4.3X10°% 4.0x10°% 4.3X10°% 3.7x10°cells mI™ P4 FHI3 £ 0 24 3.TX10Y,
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18 1z 1981 EE MO Type I (Encls.2, 3), Typel-b (Encl.6) BRUMADOEEKOE
BT, BIAROHEIE 2X10%ell mli™p e 3.3x 10 cells miT @RS EH L EEA 1.4 X10¢
cellsml™'" TH > 2 DIZXFL, Type I THEBWES 2 P7- LR &<, ¥5EH Enck. 2 T 2.9%10°
cells ml~!, Encl.3 T 3.9x10%ells ml™': &< 2 2B %R L7, $7:Type -b T EH T,
Wl 9 HE & TIxEAkE D& £ DRIBREL ko7, Type [-bD 2O FEMEE 1.9%
10%cells mlI= E AL D B o7,




X 18

Fig. 18

19
Fig. 19

AEDRHARERUEMCRIT TS

¢

’
s

d r
ar : o~ \7%—-4 Enc.6
- ; !
¥ )

5. .
Enc.2
3. i £ Enc.3
Lake water
1

iog{No. mi~')

Jun. 1981 Jul. Aug.

— " 1 it L L : )

0 20 40 60 B8O
Time (d)

198V EFHH (5 A2TH—8 B 19H) @Typel (Encl. 2, 3) RtUFTypel
-b (Encl. 6) RU¥KPOLEHEHEOEHE

Changes in the number of total heterotrophic bacteria in Types I and Lb
enclosures and in lake water during 27 May—19 August 1981
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Changes in the number of total bacteria and total heterotrophic bacteria in
Types II and II-b enclosures during 3-—-16 August 1982

Open square : Total bacteria in Typell ; Solid square : Total bacteria in Typellb ;
Open circle : Total heterotrophic bacteria in Typell; Solid circle ; Total heterotrophic
hacteria in Typell-b.
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DWTREZELE sAa o, M9 1982 FE3 A9 -6 HOERERT, 2O L&D
7Kgt 26—28°CT, Typell i 5 2 EFOVIHEMH L 1.38d7", Typell-bTik 0.94d7'TH
27, 1981 EEE I iTh - Typell-biz2ow (D 7 HOER TIERER 1 BEOMOEFHRD
FEER, 6.8x10%cells mI-' 7D Type I, Type -bRUEIAL b b B E@EERL 22,

3.4 BEOKAROBEMERE

B 20 1L S RE S E S EZ8 &, Type | BEUKTN, RUMIAT QKDL b OEEEE
HOAEH LT, B0 3 AR 38 L CRERESH-THD, BEOEEI AR
KIEU TSR X2 L0 2T A2 e REINTW S, AMEEEFRS G &
Lt DETERERIIT 2 EAERL Tnd, $ab5AES: D OBTERREEEN R
WEGSERTWwEEELSND, 2142 1981 EQEHI W\ T, Typel, I-b, II, II-bof@
BARAOKEYS . ) OBRERRREOELE L FOM O EHLARE AR L 0BG R
T, @ROCSEEEARENHHBICNT 5MERERO BV AT T Type | s8R L {E<,
Typell B B R TR L7, & - ERE MR E 0 oG T 5 EWH Bz Type [, 1-
b, I1'Tit# 30 Einsteins m™3d* T# - 7243, Typell-bi## i} 1347 40 Einsteins m™d™~! & Z\ il %
T L, 1981 EEOES-SEESANRIZE6E, 7A, §ETENRFN2.L 35.7, 33.1
Einsteins m~2d~'CH 70T, Type H-b7ZR R EO R AEN- D DEFEFREZEIRI T
BLOEELLND, £7-Type | OAKEYS ) OB EEERIE, AHBOELCEAS (EE
ahwnlkagbhot,

3.5 KR

# 6 1= Type I 15 Type 1 -b DIREEARR AR O & IREEE L 7§, 1980 482
it Type | HOHBEEZWAD 2L TR TEWERSR S, FhBE LBIAEL 0 Type
IHTHhEDS T, U YEBEOERNBTEROMME bz 584h-o7: (Encl.5), 1981 5 1
®Type | ROWLREBE 3 ¥k L DEOERETR L, 7 Type I-b A TEER TR
UTypel L Dot HBEREERELA N L. 1Ims ' THo T2,

3.6 £REREER

I TARROBESERBRCE 2 BB OV THER 2P T &7, RETILERE
FIeowTHRTHAS, IITREER: L TEERMAER, tobbtBR+EY 77 7
b GRS B ST 0 b B EREINE (Elliotte ef ¢f., 1983), #E 2 5, % T ic Type
I, Typel-b, RUTypell-bic oW TEHEMI 75 > 7 v >, HIBEOREFEREBRMEER %
¥ Lo, AR Type | ORBEAFBIAGHATHERZ S > 2 b ORGEEOET LM~
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Fig. 20 Changes in oxygen contents in water columns in Type [ enclosure and in lake
water in relation to meteorological data during 25 May—10 June 1983
a : Chnges in incident solar radiation and hourly precipitation. Numerals in the figure
show daily total radiation (Einsteins m=2d—*); b : Changes in oxygen contents in a water
column in Type] enclosure and transparency ; ¢ : Changes in oxygen contents in a

water column in lake water and transparency.
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Fig. 21 Relation of the daily changes in dissolved oxygen contents in a water column,
calculated by the difference between two consecutive observations, to the mean
daily incident solar radiation {June—August 198], range of water temperature
was 22-32°C)
a: Typel enclosure ; b : Type I'b enclosure ; ¢ : Typell enclosure ; d : Tvpe II-b
enclosure. Curves by the regression line indicate 95% confidence bands for the
regression and for data plots.
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HizE<{ ko, Type -bTRHE® 7S > 7 b v OBEERZECH T /4 TH - -2 EEEE
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# 6 Typel KU Typel -bOREEKRR CEATORRR K UTREER

Table 6 Sedimentation and its velocity in lake water, Type [ enclosures (Encls.1-5),
and Type I-b enclosure (Encl.6}
Values are mean + SD with numbers of observations in parentheses

Site Type Sedimentation Sedimentation
of amount velocity
enclo-
sure (gCm=td? (md?)

5 Nov.-18 Dec. 1980

Lake water 2.62 0.45%£0.12 (6)
Encl. 1 I 1.64 0.33+0.06 (6)
Encl. 4 1 1.43 0.31=0.06 (6)
Encl. 5 I 1.60 0.26£0.06 (6)
3 Jun.-11 Aug. 1981
Lake water (St.1)® 1.59 0.30£0.12 (11}
Encl. 2 I 2,78 0.5240.22 (10}
Encl. 3 [ 1.61 0.48+0.34 (10}
Encl. 6 I-b 0.81 1.11+0.46 (9)

a Data from Fukushima ef a!. (1984h)

3.7 BEOTEREROEE

1980 EAHAD Type | NO{TH M¥ER # € 23 1R T, (TESERIOKEL  T% < % 5@
L, O-1mEES OFHFHEEIL 36 HET 23mg Chle m™Tho 7z, ZORHOEXEFES &
femTHN (F3I), 1-2mOIERE 0.8-1mDABFHERUC LRET S &, Typel ORRBEA
R1EL. D OMEREEFR X 700mg Chlekr oz, 24 Type ] OFHES 7S > 7 +
IR, 101 mg Chle m™ (%3, Encls.1, 4DFH) x2.3mx5mx5m=5,555mg Chl.
a, OHI3%TH>1,

1981 FEHD 37 HEHICENL 72 0-1m E2 O EMO N EREREFRE Type I © Encl. 2 T
7.6 mg Chl.e m™2, Type [I-b 0.6 mg Chlea m2Ch 72 12 mES F T I - AROTES
pHEETEE, BEARLEL: ) offERIEType ] XU Typel -bT#h#i1 380 kf 30 g
Chla & %2 b KDY 7 >~ 2 b 83,135 g Chlak P 300g Chla (R 3 L V¥R Dz h
FR12%BKC L% k-1,

PAEE b, Typel, TypeI-bk & HEHM A 2-3 »HOMEY 75 » 7 b vERERCHT 5
MEROBEREE e BRTHE L mote, Typellic L T Type 1 tRU{A% &%
RET 5 LN 37 HRBR AT oS I I RE kR 1 85700 122 Chlab i %, HHY 77



#* 7 Typel, TypeI-b KiF Typell-b OG8N UFRKhOESHER,
THEAESRUCERERMEER (SHBE-EY 202 b roBEng+
BTz o b ORI

Table 7 Summary of mean biomass and mean production of biological components in
lake water, Types 1, Ib, and II-b enclosures during periods of 43 d from 5
November to 18 December 1980, 78 d from 3 June to 19 August 1981, 12 d from
27 May to 8 june 1981, and 7 d from 2Z to 29 July 1981

Mean biomass Mean production Turmover
(gCm™) (gC m=*d~"} (d="
Site Type Phyto- Zoo- " Bacteria Net® Zoo-
of plank- plank- _— system, plank-
enclo- ton, ton Total Total ton
sure B, (Clado- hetro- P, {Clado- P./B,
cera) trophic cera)
5.Nov.—18 Dec. 1980 {»=6)
Lake water 12.2 0.20 .24 0.0017 2.8 0.23
Encl.1 I 10.7 0.05 0.22 (¢.0014 1.7 0.16
Encl.4 I 11.1 0.27 0.24 0.0015 1.6 0.14
Encl.5 1 14.0 0.18 0.20 0.0013 1.8 0.13
3 Jun.—19 Aug. 1981 (#n=10)
Lake water 6.5 2.6 0.0008 1.9 (0.9) .30
(1.4}
Encl.2 1 5.4 3.0 0.0016 3.2 (0.9) 0.60
(2.0
Encl.3 I 4.9 2.7 0.0021 1.9 (0.8 0.39
(1.6)
Encl.6 I-b 1.6 1.2 0.0010 0.6 (0.2} 0.35
{0.5)

27 May—3 Jun. and 22-29 Jul. 1981 {n=T7)

Encls.A—C [I-b 5.1 2.0 0.0034 i.8 .(0.6) 0.35
(1.0) :

a Net system production=(sedimentation) + (increase in phytoplankton biomass}

+ (increase in zooplankton biomass)

v b OB GER% 50mg Chle m 3 x 3 2 L EEEAKR 1 85475 440 mg Chla 2: DS
RRZO WYL T B, Los UEBRHIB &9 288 & 5 LAFERE T h LD dul %,
230£0 12 HADF — % & A REEHREREAR 1 #2470 0 # 50 mg ChleT, Zh ik iy
75y b EFRY 1 570 440mg Chlak LIHBEOM 12 % & & o7z,

198346 6 Ak 0 11 H 2T 6 5 AM, Type LicfHEAEME L L 2 5, 0-1 mDBES DFHY
-, # 200 mg Chl.a m 2O {F58sE o h, Type I DIFE, W77 > 7 + v OBigER % 57mg
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Relation of the daily net system production (= sedimentation + increase in
phytoplankton biomass + increase in zooplankton biomass} to the mean daily
incident solar radiation (3 June—19% August 1981}

a: Typel enclosure (Enc.2); b: Type I enclosure (Enc.3); ¢ : Lake water ; d : Type
I-b enclosure {Enc. 6 ).
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Fig. 23 Amount of attached algae in Type I enclosures during 5 November-i8
December 1980
Mean value of four samples taken from two enclosures is shown with SD{horizontal
" bar}.Numerals in the figure indicate the mean and SD of the amount integrated to
the depth of 1 m.
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007 4 afid RS, TOMOTEREZH23gCmT?THB fEESI BRI 6H
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Fig. 24 Relationship between the chlorophyll 2 concentration in surface water to the
depth of 0.5m and the chlorophyll 2 cocentration averaged over a entire water
column in Type 1 enclosure and in lake water (5t.2)
Depths were 2.0m and 3.5m at Type I and St.2, respectively.




(0—50cm) 7o 7« nadtbit 1—2.5 DEERL4, Type Il HOHHBES hicHiAL b
bED o, FEEBESHBRT LSS, MPREL T XS o BEEN TR, Aotk
BROBBEIREBAOEYM 77 -7 b rOG8E LS L, B 75 > 7 b v OBRIZIETF
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[ DR T EELORBIC L D EBP R T 28551, &R, TEREORT
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2540, INE TRHED S ABTHL S BEBKA S, BEEO b oR—dDEs THL T,
AEFO L OREFCNL T, EREMOHE: 7oy b Uiz, XEPORBRERE A S L LE
BRI Cid e 08, REBER LTI Z L0 T2 MARIERCH 22 #2005,
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Phosphorus inactivation in enclosures of a
eutrophic shallow lake by aluminum sulfate

application

Abstract

Effects of phosphorus inactivation by aluminum sulfate application were studied
using enclosures placed in a eutrophic shallow Lake Kasumigaura from June to
August, 1981. Four enclosures (5mX5mX2.2m) and one bag (SmX5mX2m) were
used for this study. Aluminum sulfate was applied to Encls. 1 and 4 in early June and
the doses were 1.4g Al/m? and 6.9g Al/m?, respectively. Encls. 2 and 3 were used for
control and Encl. 6, the bag was used to evaluate the internal loading from sediments.

The concentrations of chlorophyll-a, phosphorus and nitrogen in Encl. 6 rapidly
decreased and then remained low, while those in Encls. 2 and 3 increased due to the
release of nutrients from the sediment. In Encls. 1 and 4, those concentrations were
intermediate between Encls. 2, 3 and Encl. 6. The release rates of phosphorus from
the sediment surface were estimated as 18.2mg P/m? .day in Encl. 2 and 24.9mg
P/m?-day in Encl. 3 during 9 to 22 July. The rates in Encls. 1 and 4, which were
treated with aluminum sulfate, were estimated as 8.8mg P/m?-day and 7.6mg P/m?.
day, respectively.

These results indicate that the aluminum sulfate application of 1.4 to 6.9g Al/m?
may be able to reduce the phosphorus release from sediments by about 40%. This’
reduction apparently suppressed the increase of algal standing crop. Although, in lake
water and Encls 2 and 3, Microcystis increased enormously in July and occupied
more'than 95% of the total standing crop (average 3.2g C/m3), it scarcely increased
in Encl, 1 which was treated with aluminum sulfate at a dose of 1.4g Al/m2. The
dominant species were Eudorina elegans, Closterium sp., Volvox aureus, and Oéeystis
spp. in Encl. 1. In Encl. 4, treated at a dose of 6.4g Al/m?, Micracystis curiously
became the dominance species (average 1.4g C/m3), but several species of green algae
(Eudorina elegans, Chlamydomonas spp., and Closterium sp.) and dinoflagellates
(Ceratium hirundinelle) also appeared. The algal standing crop was very small in Encl.
6, possibly because of the lack of supply of nutrients from sediment surface.

The species composition of zooplankton was not different in lake water and
enclosures. Rotifers were dominant in early June, and then Bosmina longirostris
became abundant. Although Bosmina longirostris was replaced with Bosmine fatalis
in lake water, Encl. 2 and Encl. 3 in July, the replacement occurred in Encl. 1 and
Encl. 4 after a month. The standing crop of zooplankton between Encls. 2, 3 and
aluminum treated Encls. 1, 4 was not different in the range 2.1 and 2.7g/m3, despite
of a great difference in the algal standing crop and species composition. These results
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may be explained by the fact that there was little difference in the amounts of
nanoplankton between Encls. 2, 3 and Encls. 1, 4. In Encl. 6 the standing crop of
zooplankron was lowest as a result of the low standing crop of phytoplankton. The
results suggest that there is no effect of aluminum sulfate application on zeoplankton.

The present studies indicate that aluminum sulfate application may reduce the
phosphorus release from sediment surface, and standing crop and species composi-
tion of phytoplankton will be greatly influenced,
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The effects on water quality and estimation of phosphorus

release rates from sediment surface

1. dL®ic
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Table 1. Size and bottom conditions of the enclosures for alminum sulfate application

experiment
No. A #Hia EadinE W7 L3 = L
Encl. 1 2.2m 55m? WO EROR O 1.4g/m?
Encl. 2 2.2 55 HOBERORE Pt
Encl. 3 2.2 55 - HWOBKODRE X
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Encl. 6 2.0 50 e b x
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Bl mg/gedry w2 ES W0emZ CHRTALREL T 8g/miD ) 28, 70 2 H2FIE
MALT BHBET L 3 = A L 4g/m*%Encl. 1 12, Z OS2 ERLET 24 6.9g/m? 4 Encl. 4
WAL, AL VS =9 AIERE CpHE B L, 5Ee B L oRIETHA L,
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DT 68 3 E Yy, KRR L . KEHER EAZE 150U 2@Tv, 50 ¢ X200
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0.156 mg/1TH Y, BAPEncl. 2 R U 3 iclE_TEAFNK 50 %RV 60 HOWBE % o7,

LB OREIEE £ MO RBEAS Rk L T 5 X, THOHPS 22 B & TOMIMEREEncl.
170.128 g/m?, Encl 4 T0.185g/m*TH 0, LERMMGFOPIEINFEZ EER TN 9.8 mg/
m2-dR U Umg/mi-dEHEINL, INOD I ENSREET AV I =y LRI L > TERP S
DV AFREASIR A RS S RB ST n o7z, LU S S, TE7 LI =Y AR LS 7




o074 LalEORD 2, PO-PEEST S L) OBREEMAFISECTEEEL TV
e, BRMSO) CBHESMSITELLOELCRRE TR AV ISR,

M5 i TINBEOE/ %R, TINBEOZEB L MACEncL 2 U 3 TOEE L EEL Tk
DEFEREETOE L LTINBED FERBRS AT, 7 b SEEQKH L & b 20l
B 0.04~0.05mg/1DfE £ TIETL, 8 A iZZAREOCHER#FFL 72, E6TIN £ PON
BEOHTRLALTNRECEL 2R T, TNEERIMA®E 2 RU°3 L3R4 -7, Encll
TIRFERMGED o B2 @b L, Encl. 4 TH 7 AR BERIMERE X 417 DSk, iRt
SESMMEER s a5, 0L RERE, BTV =7 ARNBIERED & OIEER
BESZOBHIMMEIL T3 s 2RB LTS, Y VyBED 7007 4 LaBBOEL
LELETELSL b, BEEARNE VAL b BRIBIREF I > Tl alfEMNTL,

4, F B

4.1 ERELHD) AAIRENHE

B AERY SO ORREN, BREES DL TIRFE S (1981, 1984), M1 B - 85 (1984)
DEHAWMERIT->Twd, I TRRBKREERECTHAY YAN OB RETE 554K
LAgEo) »AREEOHEFT . M6 58602 7k ¢, Encl. 2 X UEncl. 302 Y »i#
FREEE s L L, 7TEIR»2 228 TOL Y IR ILEncl. 2 T 27 mgP/
m?+d, Encl. 3 T 37mg/mtd L R T E 1, ZDLY Y ORIIBERY &0 v ERICHET 2
LOTHLETEE, ZOEBEEILEEICERS SAEEEE (Holdren & Armstrong, 1980)
KHBELTHLRPOHCET. 202V YBECHEMCEEROES It 2BEEY 0
e E2zn 50 T2OHEEERINERDH S, M3 S5HK, Encl. 2B TEncl, 3 TD7A9H
75 22 HOUMM TOBEERGE Y o oMMEE+ks % &, #KT 11.8mgP/m?+d, Encl.2 T
5.8 mg/Pm?-d, Encl. 3 T 8.5 mgP/m*dT#H - 72, IRICHBE ) > DL ERO#H S LAh &
EHECIGAT R A SREL 2, PRI 2 n o 7 4 L alBEORMBEERDH 2 L, #AT
11.6 mg/m?+d, Enct. 2 T 12.4 mg/m?:d, Encl. 3 T 16.4 mg/m2-dT& - 1z, ‘KPDEEEY >
EZDUOT7 4 et DHRBBAIBCE>T0.8~5.5 2 TRELELLTEL, 2020
LEROBEEPVCLIBERY) Y ORMETRL ., BEROY Y ERL DT 4 e
BROMBBEHOEET 2RBRMHICI > TELT I e Mo hTnads, Tl 0 1OmEE
ZrzrRarEEgrwEEbhd (BES, 1984), FITI 2T, 7007 4 Aa®iE
WEABEKCIGARAS Y Y OWNER LRI LRET 3, FOHE, BEREroOES L0 %
Bedh Uz ) > OBEHEE R AT 23.4 mgP/m?-d, Encl. 2 T 18.2 mgP/m?«d, Encl.3 T24.9
mgP/m?-d& %0, ¥k TEEY YREOEMEOLE L, SR - MILEE L, Encl
2R 1F 3T 67 %BOMEI % o7

Holdren & Armstrong (1980) '@ k#Lif, SEEBAS AL D @ WBHEEL, EBECS




KEDELEWED S0 FHEEDHEE

B ARERRTH S H, MendotalD 7 AQBRTAIEEATWS, KoDRETH 2 HEOE
MR B EETH B, FBO~2cmBOERT 38~83mgP/m*-dDELHEE 2 LHL Tw
%, Mendota#lDBE, T0L3RBVEHEESAASNZ2ORFELLTTHOBRIELNLT
B0, 0B CHBEHEBEELLET LA, A 0BHEBEIERI A2 BR L TLERY
BELTLHEOELRLL, AERRESEL SN T T TLIREZABEOHEE TS
St ek i, Y OEHEE M EAkbO ) YBE EBEFESE, LREOBHEEHH
EInBFOEREY & kb0 ) VIBE N Img/l - BOHER A THEBECAELETE-
Too MR - ZUHE(1984) 42 L EE » MBERY £ Rh0 Y Y REIRBITILIC 6 BHL S FRSS
ey, TARUR BOEHTIR 0.4~0 8 mg/IOBEMBRHIN TV, IACRE L ZOBK
SABED L, BHDONGE £ A CEROBRE N TR, RS0 LEELADES L,
BEARTEA S AFOEY Y ORBITEE R, ERCERS W HBATO Y v 45, ERED
I ERERO ) Y REESBILELECORMELASPORATETFL LIk, K
KR 2 s e Bl s e it B L HERIE LB,

42 ﬁ&?»::?A$MLJ6EE# LN EHRIROMR

BT N 2 WA%ﬁMLt&m1&0&@41@@W%ﬁ&®%0x%ﬂﬁﬁ@m%f9
8 mgP/m?+d, %ET 14 mgP/m*-dEMIEE L e o 7zEncl. 2 R UEncl. 3 i HEgP L
7z Encl. 2 Rt U'Encl. 3 & BRI iATF SRR ) o OWINER %K L £ Encl. 17T 1.7 mgP/m?+d,
Encl. 4 T0.15 mgP/m;-c_:l'C"Zé DleglZun 7 4 f_l/di%}ﬁ G)i@ﬂ[}iﬁﬁ@Encl.l’(_‘?.lmg/fn“ d,
Encl. 4T 7. 4mg/m*+d& i D, TOREEEBECRAENTY OEINEEERET S L,
Bfen 5 0% 5 £230 &t ) ¥ ORIEREEEncl. 1 5 8.8 mgP/m?~d, Encl.4 25 7.6 mgP/
miedE EE S Iz, JOMiIEncl. 1 Tid e »iBEEOREE S & Kb 1o AERE L izig—8L,
Encl. 4 T3S0 4 -7, Encl.1 ¥ Encl. 4 #8353 -, Encl. 4 OF W7 L3 = v
LAOERIMEDH 5 EEncl. 1 LV Ehof bbb e ¥, Adi EiZEncl 1 ©FHHTHIZIR
Enotr, L LEROES Lot #ERA L 2 8S0E S THE T % L Encl. 4 O A 0HIGIENAR SR
SRy, PHILAER: R L, 7o a3l L, EROBLETELOZENL
WCH L CHEWRETHZOT, &I TRSNEHSmgP/midE w3 Y > OWENEE 3 KL
FERREETTLRESNATHEECH BETH S, M2, MEBRTLIZVLAEE Lol
Encl. 2 RU 3 T0 Y > OREIGHRE £ D, # 14 mgP/m?d3ERSBILIRIRICZ 2 12720
ChUvOBEEEEELLIEHTED,

BE 7 A 3 =7 A L A¥BREOTELOMIRE, WAKFO) w2 KBET AL I =27 400
BeBHxeTRELLS b TAHBE, BER»S0Y »OERL T 2 B THEEFERT
b Tws, Cooke & Kennedy (1981) 13, 1962 EREOEBOWMBIC BV TELLTT A3
S ML AREROTERNE T o P LT 28R E LT Twd, TAEI2 v ARARER




0.5~26 gAVYmBECERARN S LI TH S, SEOERARIZEnCL 1 T 0.6 gAl/m?, Encl. 4
T3.1gAV/m* L 22 D@ AL BEARE LTRDPROATHS . 73w afi ek s
ABEHEZIR L Tl BE S hfindi v, RESNLETRT7 LI oy ABA
OIKEWBR IR I o EREE TS, 2 I Twini Tk, ER,A50 ) »ER L % FH0
WER & =AML EIRTE 0.8~2.7mgP/m?-dx RIEED S A T w7z 0 #8LE8 %13 0.2~0.7 mgP/
mediZFA L7 (Cooke & Kennedy, 1981}, 2@ L9 RERR 7o ABARI R LD

4 I ERE L T2, Funk & Gibbons (1979) & L #id, #oditHorseshoel, Cline’sit,
Medicali], Libertyi1ZETL 7N S =7 AR A L - TARESEBE SN T iz, BiC, Cline'si#
TRy — VY- VERPHFEBSESEROES LHE S L, SEOREARTORR L SHET,
Wik 7 v 3 = v AESERY & OFFRBEREROBEN L bR T 2 AT 2R L, Y
NI LARART AR Y OB LA YMEERRBREY L THOVEREBWTHY, EB
DS N LB IEEEE ) 0B ERREY Y SIIT A0 TEORRREL T I VO LE LA
% (Cooke & Kennedy, 1981),

BEDNTELTEL, HBEFLI =2 AMBERERD SO v alEE2EIT 2 0 ERY
THad, JOLIRMBELERTIHESCRFONMEL L THAATEOHFE E L6 T
RRET SRy, Br@rflcrhld, BRTERASTE M REAVRCHEATR 20K
&, MALRRBEORSSRB r#ACHBRLERCHERL TW3(GHS, 1984, ZDLD
HRETERSPOABEROTEN MR ET > T, TCRFLLERYRBCER IS
foid, ZOMBRFFL LWL LTSNS, ShagawalflDF) (Larsen ef al., 197%) 245
031, MARFELHIES €7 b YMRABETIA S L Z ORMRSEETEVLEE,
FAIZTVAMBEE L > TEOMREHED S T EHNTRETH LI LHNLZ L,




3.2 E£YHEOEL

The effects on phytoplankton and zooplankton

1. Fl®ic

Lake restoration® —20FE LTTF7 A3 2o AREMLTY »2FEHLET 25411,
1960 B2 L D, W8 RBENRE L TH L OWRSTHNT & (Cooke & Kennedy,
1981), 2~ 3 DBI4 (Knauer ef ¢l,1979) ik H 24, SEOEE (FE) 28 ns0EA
ik, FOBEEEEEILEVEY, MAkho ) oFERHB T L B8TEL LS TR
Lick#EZoNE, LALINSOMHEIC X » TURI|FRI s 2 EWH~0BE, 7+
SWRENTES FIHESEE > TWRVOMERTH 2, FETE, AIEORRKARE D
W, 772 b BTS2 b ADERKE DO TIREL, BEY L = L0HK
L DEPHEANDOREIDWTEET S,

2. AF &

WH75> 7 by ‘/‘7‘3114;*[7\]?:% 3 mmE S 2mOTHREAFETHERL 72, 2055 100 cc
A= 0. 2ccZ ML TRSE D, Utermsh] (1958) D F e » THEE I S R LT,
RFE~OBREE, FEOAR L L Strathmann (1967) ORXE AV TEE L (&7 5,
1982), AN EREBE D RE i, R 2208 100 ced 7 5 > B i ARNaHB3CO, 8
ERIEINL TT o2, BN, BWXRRFCEBBERGAPICT, SRCEENTERG AN
1,000 xE/m* s@XE T T, 30 5305 60 SOMNEH S 108, BEFcE LGF/CTl@L,
§2HR L Jo, PC/CH@aMmC ikttt (B87 Ay TE—150) EAv,

W77 27 b D7, RS (EE S mm, RS 2m, FH3.18D &A@k
BEARICEAL:E, NXX13075 2 Ay b (94 pmmesh) TELTHED, ZiiCk
N ) PEERSRICADEIICINAFELRY, BT L CRB U TEEL 7o AE R S iR E
B, B8R (1971 RUDumont ef al (1975) L:{?:E‘D'fco.

3./ g

3.1 @7 I0 b EOEL .
M7k FToRYM 77y P v OREFEEELETRY, 6 AT ETH, Y4 BB
Coscinodiscues lacustris b Cyclotella sp. MBS 24, FOHE S o BEMELELL, 788



Oy, 6 A%t Anabaena flos-aquaed3 % o108, FOEKEN ERETL7gmn6 § Aic
T, Microcystis aeruginosadi#® { iz,

E8 Mok, avro—nELTHWAEL?2 EEncl. 3 TR 7T 7 b v ORERE
fti R, WhEEH 6 HhE E TIE > A BEO Coscinodiscus lacustris & Cyelotella sp. 8 H L
108, RBDOER\CHESTT YEESEINLT. 2o T CEEC IR EE, Micocyshs
aeruginosa T Anabaena®HBRIX, F L AVBEO SN o1, T MicrocystisDREAERI 7243
Fe e, bR TR H 2 R ED Eudoring elegans 3 L7, Microcystis DEFER
REAEREBEEE, FUEORLHD, Allro0ARNEIRO AT, B0 Microcstis®
FERMET A LXTERVEEL 6N,

WRER»SOEFTEZZL THOES Y — P TH-Encl. 6 TOREEXRETRT, £
D TRERR L, 6 BHANL T A B Coscinodiscus lacustris, Cvclofella sp., #BO
Volvox aurens i35 Ut-. Microcystis aeruginosaly 1 BIECHEAT S st 6 AtkEn
B e EEHL, 6HB BRI EB Y BED Ochromonas sp. THIH CiZBHRD
Schroederia Setigerat3st 5 U Tze & OERFHEDSphacrocystis schroeteriibB G L 72, ZOES
B R EREL, BoANEKDL Y MEBCRD s, -7, EREEVERERIR L2
LTk, BEOMicrooystisOFELZ 220, BREPLOMEERCELT S eyl By
O Microcystis DFEA 243, B & OFRFROAIF/IED THETH S LifmS i,

11 L1242, BBE7 S = ASEMLUEncl. 1 (EE7 L 3 =9 AT 1.4 g Al/m*RI)
YEncl.4 ([6.9g Ai/m?) OWB7S > 2 + v ORGERELS57Y. £ FEncl 1Tk, 6Ath
BETE, 2> ro—AOEncl. 2 & Encl. 3 = @8R Coscinodiscus lacustris, Cyclotella sp.biB 5
T2, KBOLER Y & bICEEOD Endoring elegansfii> T Closierium spiEL {HiIL 7, L
L EDET IO ORIIEY UIREO Volvox anreus, Odcystis sppZBM LTz, Microcystis®D
RERG S ABE NI/ M Ice s/ L ¥ % o7z, Encldld, 6 AWif, 1 H0
Coscinodiscus lacustris, Cyclotelle sp.3BE L Twiz, 6 A 8 BB Volvox aurens (I8
bot, FLTTRATEEFT A 8D Coscinodiscus  lacustvis s TIHFBED Endorina elegans
Chlamydomonas spp., Clostertum sp. 7 X~ BB Ceratium hirundinella’s ESEREL 7z, %
F2Encl 1D S EO 7L I 2 ARMA b b 5T, Microgwstis aeruginesa 517 AAH
LIEAL LD, HERKTEE CEELLRERSBELTOR, LoL, THIA»S8E 19
H % T Microcystis DFIEFERE, 1.4gC/m*Ta > b2 —ADEncl. 2 3.3 g C/m® Encl.
303.5g C/mMO A0 %icT Ehd oz, Encl 1 £EEncl d TOEMBOEVWRI LTI 2w
B, BT Aoy AREINULEHBIC LY, BEOMoocstis@REER T2 D iNE 2 h, K
P P St Y (T T

Y B B#EFETWEncl. 1 —Encl. 4 B 2 EBRPERD O S5 v 2 b UER2CTRT. #
kR UEncL 6 iC oW TRE2EEERBSN L,
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Fig. 7 Changes in the standing crop of phytoplankton in lake water
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# 2 FEncl.?2 & 3, EnclL1 BUEncl. 4 B 2¥M 7727 4

Table 2 A list of phytoplankton species occurred in Encls.2 & 3.Encl.1,and Encl.4 during

3 June-19 August 1981

3 June-10 June

15 June-9 July

15 July-19 August

Species Encls. Encl. Encl. Encls. Encl. Encl. Encl. Encl, Encl.
2&3 1 4 2&3 1 4 2&3 1 4
Cyanophyceae

Anabaena affinis Lemm. + + +
A fos-aquae (Lyngbye) Brébisson + + + + + + + + +
A_viguieri Denis et Frémy + + + +
Aphanizomenon flos-aguae (L.) Ralfs. + + + + + + +
Chroococcus Sp. + + + + + + +
Dactylococcopsis fascicularis Lemm., + + + + -+ + +
Gomphosphaeria lacustris

var.compacta Lemm. + + + + + +
Microcystis aeruginosa Kiitz. ++ + + + + ++ + + o 44+
M wesenbergii Komdrek T
Phormidium tenwe Gomont ++ + + + + + +

Bacillariophyceae

Asierionella formosa Hassall + +
Atteya sp. + +
Coscinodiscus lacustris Grun, ++ ++ ++ + + +4+ + ++ ++
Cyelotellz sp. 1 ++ ++4+ +F ++ ++ + +
Cyelotella sp. 2 + 4 + + + +
Melosiva granulate (Ehr.) Ralfs + + + + + + +
M. granulata var. engustissima Miill, +

pIEAGIE 7S



£ 2 (27%)
Table 2 (continued)

3 June-10 June 15 June-9 July 15 July-19 August

Species Encls. Encl. Enck. Encls, Encl. Encl. Encl, Encl. Encl.
2 &3 1 4 2& 3 1 4 2&3 1 4
Nitzschia sp. -+ + + + + +
Synedra acus Kiitz. + +
S, rumpens Kiitz + + + + + + + + +
Chlorophyceae

Actinasérum hantzschit Lagerhem +
Ankistrodesmus falcatus Ralfs +
Closterium aciculare T West + + + + ++ + + o T aE
Chlamvdomonas spp. + + + + + + + +
Coelastrum cambricum Archer +
C.sphaericum Nageli -+ + + + + +
Dictyosphaerium spp. 4 +
Elakatothvix gelatinosa Wille +
Eudorina elegans Ehrenberg + + + +++ ++ + + 4+ + +
Golenkinia sp. +
Kirchneriella sp. + 4 + + +
Lagerheimia citriformis Smith + +
Micractinium pusilium Fresenius -+ -+ + + + +
Mougeotia sp. ++
Odcystis spp. a4
Fandorina morum Bory +
Scenedesmus spp. + + + -+ + + + + +



Schroederia setigera Lemm.
Sphaerocystis Schroeteri Chodat

Tetraedyon spp.

Volvox aureus Ehrenberg
Wesiella botryoided De Wildeman

. Euglenophyceae

Trachelomonas sp.

Cryptophyceae
Crypfomonas sp.
Rhodomonas sp?)

Chrysophyceae
Chrysochromuling sp.
Dinobryon sp.
Ochromonas spp.
Mallomonas sp.

Dinophyceae
Ceratium hirundinella
(O Miill} Schrank

+ +
e
+

+ ++
+ +
+ +
+ +
+ +

+++

++

++

++

+

pIx-AG A ES



F 3,

TH»e 8 QI TOEBEEAR (Encl.6 <) ToEmM 77 vhron
Z A NaS D DRAEEEEE L FOROBERLTET, 8 B 19 HOEncl. 2 TEED TEVHE

R, BUREARORTHE, HWE7 A =27 AREMUEALR, BuEzxrli,

3 BREEBEARCBUIBRIOCEHREE (gC/gchle-h) & ZOEFOMERRK
Table 3 Assimilation number, Prax (gC/gchla-h), and species composition of each
enclosure
date 7.22 7.29 8.12 §.19
Encl. 2 6.91 — 4.39 0.41
Microcystis 97% Microcystis 969 Microcystis 97%
Encl. 3 5.93 6.78 5.02 —
Microcystis 99% Microevstis 96% Microcystis 98%
Encl. 1 4.35 — 3.23 2.53
Closterinm 97% Ovcystis 49% Microcystis 60%
Closterinm 34% Closterium 38%
Criptomonas 8%
Encl. 4 3.22 4.11 2.75 1.94

Microcystis 75%

Microcystis 69%

Microcystis 52%

Microcystis 50%

Closterium 149

Coscinodisens 5%

Chiamydomonas 13%
Coscinodiscus 7%

Ceratinm 17%
Mallomonas 17%

Ceratinm 30%
Eundoring 9%

3.2 BTS2 b rnE(L

13 EBRBEOEA L BRBEAAACHER L FREEOHRE R~ T .87 2 b D
RO ZE, Wik EEncl. 2 R UEncl. 3 TiRED T LSBT Wi, ¥4bb, 6 AFROER
BREERRIC b & LSHO Polyarthva  trigla, Asplanchna spp. (A. priodonta, A. siebordi),
Brachionus spb. (B. calyciflorus, B. budapestinensis,B. diversicornis) Filinia longiselah’ 845 U
Tuwtzdd, Ok, BAED Bosmina longirostris, Moina micruradi% { b, 7 Hhaicizb
tp LA Tt Keratelln spp. (K. cochlearis, K. valga) FiAEIE Bosmina fatalishi® { v »iz, &
72, ¥ ABMO Digphanosoma brachyurum & BEHERORTT R, EBHMEBEL /&L HFHE
B Rt o Tee BT V3 = A ETRAIL 72Encl. 1 L Encl. 4 TORBROZIL, bir L L5
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Fig. 13 Changes in the abundance of zooplankton (numbers/1) in enclosures and lake
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Fig. 15 Changes in the chlorophyll ¢ concentrations of total phytoplankton
and of nanoplankion { <20 xm ) in enclosures and lake water
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Changes in water quality and plankton during the growth of

Waterhyacinth, Eichhornia crassipes (Mart.) Solms, after the transplantation

Abstract

The effects of the transplantation of waterhyacinth, Eichhornia crassipes
{Mart.) Solms., on water quality and plankton were examined using enclosures
(5mX5mX2.2m) to find the possibility of the transplantation of waterhyacinth for
the restoration of eutrophic shallow lake.

During early summer, the relative growth rates and doubling times of water-
hyacinth ranged from 8.5 to 13.9%/day and from 5 to 9 days in enclosure, and
from 6.2 to 8.2%/day and from 8 to 11 days in lake water. Although they were not
low, phosphorus and nitrogen contents of dried waterhyacinth were extremely low,
0.216% in phosphorus and 1.49% in nitrogen in lake water and 0.238% in phos--
phorus and 2.13% in nitrogen in the enclosure, which were due to low levels of total
phosphorus and total inorganic nitrogen concentrations.

With the growth of waterhyacinth after transplantation, transparency increased
from 0.5m to 2.0m as the concentrations of total phosphorus and chlorophyll a
gradually decreased in the enclosure. On the other hand, pH slowly decreased from
7.6 to 6.4 and dissolved oxygen also decreased due to surface coverage of water-
hyacinth and the decrease in photosynthetic activity by phytoplankton. However,
anaerobic condition was not produced in water.

During the growth of waterhyacinth, species composition of phytoplankton
drastically changed, especially blue-green algae disappeared within 10 days after the
transplantation. Consequently, species composition of zooplankton also changed
with decrease in biomass. Since great changes in species composition of phytoplank-
ton occurred with only 25% coverage of the surface by waterhyacinth, these results
suggested that waterhyacinth may secrete some organic compounds to suppress the
growth of blue-green algae, rather than interact with blue-green algae as competition
of nutrient use.

The present study indicates that the transplantation of waterhyacinth may
change species composition of phyto- and zooplankton with the recovery of water
quality.
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WAL 7 7 RLI 8D TH S, #213Encl.3 Encl. 4 0B 2 7~10 B2 L 0N
AR & RN % R 7. Encl. 3 THABNER BRI 7.1 %~13.9 %/d, S5 ~10 HTH -
OWSLT, Encl.4 T2 6.2 %~8.2 %/d, SI0EME 8 ~11 A BuwEnGsins, 2hs
DEOEBEHIREFH - —H L TW 3 L5 0RA2, ThHLEERSTEL D EVE KA
BOLBICAS SAMRERSNB SN TS, Encld D 7TH 19 305 27 Bic B 2 HMREE
YoDREEESREOTH L REER Y AL OBSEENEL - LHRE N L S,

FEBR TR O N RAHMBRE 8.2 %~13.9 %/d% BRSO ORE i+ 2 L, HEH
0 32.9%/d, BED29.8%/d (¥, 1981) L iz biEl, RXE7a v FHNTOE



EEBIZBIT S 1.5%/d (Centrer. & Spencer,1081) & D REEEVEEZ-TWwE, £V 8
BEERIM0 Tk, HrBHBEAOHH 1/2~1/10 LEV S, BEERUCERIIOEILLH &
LT, KEZ7o)FSMOBERER/ — AL b A7 0l FHOEL DIZRE <, F0HHAE
BE & Tz,
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Fig. 2 Anomaly of mean teﬁ:perature, Fig. 3 The growths of waterhyacinth in
duration of sunshine, and amount the initial growth phase in
of precipitation during the enclosure and open lake water
experiment
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Table 1 The growth equations of waterhyacinth in the early phase

1% A & 3 B R b R PR
i WO (A) Wr= Wyee T 0.962
(19814) {18~30°C)
( B) H/r= u/ﬂ.eo.osm.r 0.957
Fodii Encld (23~25°C) Wy = Wyreoo7T 0.999
(19824)
Encl3 (23~25°C) Wr= Wpee21027T 0.995

W, THRoREREE T PEERE)
W, © R o R R A
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Table 2 The relative growth rates and the doubling times during early summer, 1982

Encl. A AR 6/25-7/5 7/5-12 7/12-19 7/19-27 6/25-7/27
; R/ H) 0.096  0.086 0.139  0.071  0.0%7
& fin B MICH) 7.22 8.15 4.99 9.76 7.18
4 AR EE(/H) 0.075 0.062 0.082 0 0.055
5 I &5 RI(E) 9.24 11.2 8.45 0 12.6
Relative growth rate = M::lni)(u
. . _ In2
Doubling time = R GR

Where Xo is the initial weight, and X, the weight after / days.

3.2 wTFA 7HA DERICHE I KEEL
KF 4744 OERCHESBERERY 7007 4 ValBBEOEL R 4T T, K74 744
’i@ﬁﬁtﬁﬂo?‘:l@ncl. 2T, Y EET 4 LB 2 BETRELEOIEEs LoD
E L, Encl3Ti R 74 744 QMR E £ 12, 7 T 07 4 Vel EF R R Lk HIEA350
%otz ot T 12 BRI 20 %D L B S, R T 4 70 A Bl 10 BT 28 e R,
WEL00% -7 TRI9BTEAEO 2miZt oz, FRNL T, Encl. 2 T 7 » BHOH
Brebizt L AEHERET L, @5de) Y RUEESY) Y IBEOELERT, Encl.3i25B
Fae) LBEOE IRy oo 7 4 LaRBEOELEMIGL Tl L L, BFERY i3 29 ug/
T D Lo 72, — 75, pHOZEALIEncl. 2 R UKBEOMACREY 77 > 7 P vick
ANESHREHOBREE LT, EAL/-OEHL T, Encl3TiR K74 74 4 OB E L HITBR I
WAL, £BTUTw -7 (H6), FEf/ciERE, Schreiser (1980) K &> ThEE SN T
Bkt RTAFTAAOHIEL & OIWOKRERAEAEbN, W77 v 7 F ric X 32X EHEFHO
By &b AEREORE BTSN S, BT ETRT &3 REBTEI~EICH L,
2mETIRTH 9B 1mgO,/INTFICE TETL 2, L L 2 OfERZETE, BhEowk, R
UEncl2 THEEsATEY, *OFEEIZ 18, 19 BOMAGHFYEHE 2mblT, EICAR
BRI LR TPV E WS MERNER > n L EZ o hDd, KR RBBEFLERRUT v €=
FTHEHBECELERT . HEL—R, A7 AT7TAAOREME L b ZHPL TR L R
%45, Encl. 2 THRBREAMBR SR E D, K74 741 OERWMD AL 2 ZWED &
REbREL,
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Fig. 7 Change in dissolved oxygen
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Fig. 8 Changes in dissolved total nitrogen and ammonium-nitrogen concentrations
—o—, —0— ;DTN and ammonium-N in Encl.2.
—A—, —A— ;DTN and ammenium-N in Encl.3.

3.3 WEMT S0 b o OEEREL

™9, 10, 11 :3Encl.2, 3 RUVfHIO#EAGTO#E 7S > 7 F rREBHEROELERT, £
EABHIG (6 H 25 B) 804k, HWRRTT EEO RS HEED % <, 7 HdhAnz £ TEncl. 2,
AT 2 ~ 5 (S ML t. £ D D B Microcystis aeruginosad’ i 28| i4Encl. 2 Tit 8§ ~ 9
#, MATIEI~0FTH o7, FHEXNL T, Encl. 3 Ti3 7 w88 7 A 12 AT L & <
ot 7, MOBELEncl 2 RUHIRICEERTIER D07z, Encl 3 B fii e L T,
FOEESRTFATEAPKREEEE 727 H 29 B i BA L EEESSYnura sp DI TH
ot INSOEA, Thbh, ERF 70 b CEERERRUZ VEBREOEESRFTA TS
A RBEEFOREBREAS SRILLLDEEZ GRS, ThoDRER, XEOEY, FER
OB L A%, AU Y EENEIEHYEOREREZ SN2, 12 3#E 100%D 7TH
19 H B YEOTEREE 2 AECHRTH 2, K74 744 OB L T2 WEncl. 2 Tk, 7 54
DEBBemIZERML TV, LAKRT A 7241 B5HEH 100 %DEncl. 3 & FlRE MR %
T LI oTWAILERLTWA, FNY L, HKFMFE T EUAOBERIINL TE -
R E AT b, ERNRR TSR CERBE S ROME S 7 B 12 AL, B
U, Encl THRRTH -7 (R13), Lo, RFATAA L2 T HEiNEmE
OO TEEEIEF E-TL 3,




RFATHAL BKEEN—KER T T 7 b v OBE{E—

Encl.2

5
4 | BLUE-GREEN ALGAE
t
3 d
2 - ‘!a | 1 ,
y [MI(:I‘OC}!B“‘ "llﬁlﬂﬂll-?”
1 P | A
" ;
03 DIATOMS
T 04 -
E
~.
g o
0.1[ GREEN ALGAE
.f—————*‘-—____‘
1]

CHRYSOPHYGEAE

'3] cnypTDPHVCEAE/\",’«

0-1[ DINOPHYCEAE
0

0 10 20 30
(82s) (V) (T13) (Tas)
Time (day)

9 Encl2iB3@Y77 0 b EEEOENL

Fig. 9 Changes in phytoplankton composition and its biomass in Encl.2
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Fig. 11 Changes in phytoplankton composition and its biomass in open lake water
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3.4 BTS20 b o OEHEBER(L

B114 icEncl. 2, 3RUHEDMATOEY 77 > 7 b OEERORLETRT,

Encl. 2 EEAOQEW 77 7 b vy OBHBROELRZILALRBD S h o7, Thbb, b
ir LEE TR Asplanchna spp. (A.siebordi, A.priodonta ) & Brachionus spp. (B.calyciflorus. B.
diversicornis) 7T A 12 BETE L O HD, FhllgIE Keratella spp. (K.cochlearis. K.
valga) DIEIG L 7o 3 ¥ 0 2 E T EEERE T £ b2 - 7 Diaphanosoma brachyuwrem O{EEE0T
RE A L, P8O Bosming longivostrist MR L, ¥ Bosming fatalisH @M Uko i, ¥
EYVARETREOBSKIT VS, PPRPEAE T LIz, —7%, Encl 3 Tix#3¥ Bosmina
longivostrist8 KRB L7208, fho@BH 73 v 2 P v R EOHELEL LI LA,

Encl.2, 3 RUBIKICE 5 Bosmina 2EOHBEHOFEE2H 2 L (K 15), Encl. 34 TR
B longirvostris DR 570 & B.fatalis N b - - 0H b 3,14, Encl. 3 TR B fataliso BBV
BUCHW & VD Blongirostris 3 RE THREFE TEL L, BEMBTHER 3 LUADKRTIX
Microcystis &5 L 7:2%, Encl. 3 T3 Microcystisiz2 T A S HEBTRESREELTLE -1,
Bosmina 2 BOE G FEDE O Microcysiis O BB & BIEHH 2 O 4Tz« (Hanazato ef

al., in press),

Encl.3 Encl.2 Lake Water

oj Asplanchna spp.
{ | i, A,

0.
0
0.
i‘ Keratella spp.
° 0 i I\IIII:IIl!lmnml\IIFH"‘Imlml”l”Iml”lﬂalmml\|I||u.‘. ....munmm||II\II\IHII\||H1|H]|H|\|!H|\|ii”||\||\m|m.m‘.

Diaphanosoma
brachyurum

|

-3

Dry Weight g/m

°~21 Bosmina fatalis

Q.1

(o]
Oj Gyclopoid copepoda
0.

[s] it e
0'? Nauvplius
%EMMMM_ MMmmmmmm MMMMMM_

B/25 Ti5 712 7119 7,27 6/25 7/5 7412 7118 7127 6/25 7/5 T2 79 127

N 14 BT 5 o b ofEEREE L

Fig. 14 Change in zooplankton composition
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T
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1@ 75> 2 b v OBREROEETT. CNOOELR AT A 7A 4 OHEBICLSHE
BEOEPEBru LG, BT 7 2 b rORMELTOREY T T > 7 L v OERUEHEREL
RS MR R EEREZINETHS I,

3.5 KFAFTAAICEB) Y, BEROMYASHE

FE3RRTATAAHORE, EF, JrHEEEETRT, Uy, EXFTERIMETCES, =
ELEAE L, GREFESEREIZEEMCREO 1.7~ 2 fEX b A>Tz, Tho ORI, B
EEROERY L —FL T3 (Ower ¢f al, 1981 ; Sato & Kondo, 1981 ; 7« F(l, 1982),

Fie, A (1978) RtFie (1982) i L AEFEBTHROATHIAFD ) v, EFRRE
E, EFA 744 OEERPDY) v, EHREFRLOFELBERE, BrEAETORSNS &
3THb, Br®iTRELIRTATAAHOY v, EXRFERE, EROBEOFTRLE
HiclB+ 2 (Boyd & Vichers, 1971 ; Boyd & Scarsbrook, 1975),

EnclL3wsidayy, BEOWNEAR2EKXL4DEITHS, kP02 v, REEREROD
HORERTATAAPCIRAERLY >, BREREET S L, £ OHBTRIORIE
INEFATAAREC L DR AZREROLSEL, BRPSDY) ¥, BROBEHETML
Tz,
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Table.3 Carbon, nitrogen, and phosphorus contents of dried waterhyacinth

BB W BRESRG) ERAE VAR Afamw) TAN/ RS

(EH)
£ o % ¥ O® 32.4 2.1 0.158 — —
(565FME) iR i 32.9 1.2 0.138 — —
- E OE OB 32.6 2.0 0.223 94,7
fealE 5
(574 i B 30.4 0.95 0.208 95.5 1.058

] 31.5 1.49 0.216 95.1
- EANE i 31.8 2.7 0.267 93.8
“ 5
(STER) b & 2.8 1.6 0.211 94.6 +.930
o 32.3 2.13 0.238 94.2

T OREERARME 1 80°C, T2REM
** R B B iEs7H 7 B27H, BESGEES A20E

3.6 RTA7HAREMICET B - BEROGBE
#53Encl. 2 RUEncl. 3B 2 UMWHTO ) > - BRETE» o HE S h 2 WEO UL
BEETT o KT AT 44 ZBHL /zEncl. 3 DUBEE I, KHOMY7F > 2 b >~ #4%Encl. 2 i

# 4 BEEARKNORTAT7AADY v« HEROWMD AL

Table.4 Phosphorus and nitregen uptake rates of waterhyacinth in an enclosure

MM

W = 6/25-7/5  7/5-12 7/12-19  7/19-270 .
BT AT A A DR AT (mg/m?-d) 5.2 9.8 36.0° 17.8
o RO EA &t (mg/m?d) 3.7 19.4 8.5 2.0
I SIS R (mg/m?ed) 1.5 —9.6 27.5 15.8
FF AT F A GRY ARG (mg/m?d) 46.8 88.0 323 172.5
% # A DA a (mg/m?-d) 108.4 109.2 15.8 0
HHE X B (mg/m2d) —61.6 —21.2 307.2 172.5

1 7HIOR/ 2% NHEEE: L oo IEL Th 5,
2) #wHETIA, w1 >R,
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Table. 5 A comparison of the sedimented rates of phosphorus and nitrogen estimated hy
sediment traps

AR .
- 7/5-12 7/12-19 7/19-27
Encl 0w iR (mg/mied)  17.0 (4.2)Y 17.66 (9.1) 8,96 (0.9
ncl.
LHREBET (mg/m*d) 33.0 87.6 34.8
Encl.3 ) v R (mg/m®-d)  53.9 (34.6) 53.8 (12.9)  28.7 (6.2)
net ERHBE (mg/m?d) 185 102 53.8
Fncl3 @1 v (ESERURERTEEYT 6.5 32.3 14.4
BEOMNSTY  HELED 34.6 12.9 6.2
(mg/m’+d; SRS & bato 12.8 8.6 8.1
1) { )izaw7 n—aZHEs,HOHEE,
Y= 1.44-X — 20,88 X:ruu¥qgli (Otsuki ef al., 1981)
2) Encl.2 ¥Encl. 3 0EREE E20 B (mg) MEIL TH -7 L BRFG S L2, HITHETE
BOHEEH,

AT B (4D sedbbsd, JoaLLTHIE, EBXELLT1.7~5E0%
ol EL, IheOUBPEPCHPEROSES b3 ) i@MBBEAL T d i, BR%
fHiCZ > T3, ], Encl, 3B TREVHEELLIBHEL TH7 4 74 1 DRGOERELR
BECEIT(HRRIEROTELE L s d, DT, ZOEFHEELTRL I,

HOMETORBRNEEONEY, LELEEHC L IHERCEE EnDBROLDICE Y
fEEehd Lo TWA T AL, FiEEMERT s LTEm > 7 b X h kb
EDREEDS LW, ERENO o  heSBERHEL, BEWMhOr oo 7 4 LalEE
EVBELOMEBEERAL THEREHRYOEE LNV A HET 2H AR INTH S,
5 OTEIENC 2 £Encl. 3 L& & LR DHMELR U Tho DIREO D LT, Encl.2
DHEEX WD HRELBGT, Encl 3HOMERRRONEREEHEL LD THIZ, £ ik
Be D 12~60 % % FHFERIBEHP D) 3502 Z LB HEE SN, Encl2 DR EE 1 HhbH 2
LRI ATAAOBEEAPD) YERINLTEREL, £0—8MiIEREShoY v e LTH
EEEETWwA I3 RLTWE, Encd. 322456, B4R 13k, HELS
BELTLB V2 BINT 22 LhD, —HCERCY »2HBsETWwE It s, &
BET A TA A DRI BICRESOEBS S0 & 5 2 BB L IERIC T BN L E
Wiz A, HEILRY,




BFATFAC LS REME—KGRVF TS 2 b+ v OEE—

4., BERUILD

RT A4 T A A DBR L EEERHTFE (2 idSustroutomo et al., 1978 ; Ultsch, 1973 ; Mitsh,
1977) %Bx< &, HROFTA T A CET2HROBNRAZLZDICHT N E Y. —Di
B, HBAFHMACENAERLLTDRTATIA 2 nhicHi#lT a0, iIRkFA 7440
BORVWEENRFREL T, REFAKL 2RAERC ST EFECREFR LTHAVL R
BOFRTH 570 KFREGEOTRE & 510D THEEEL L - MBORIELCHAL >
LHhOHREEBEILTHE- T,

HEXROHEILERT, HEPERBREFOBCEH » HRBEACBEVWTLRT A 74 4 3REE
Y2 ARG, BonEEVIEORREEERBEARANT0.1027/d, #XT
0.0722/d . F1l 5 (1981) #REBR U ENICHAT 21T, EEHICB78 (0.106~0.130/d)
ERIERILKE S Thotze LLENS, T4 744D Y >, BHFRSHFRZAIOZAS
OBEFZRMLT, BRTHOHH, VTl z0H /I EVERETH -,

BT AT A A QR fF e, AKFOEHE ML, &) > 8@E S 24 HHTIRiZ 1/3 282 L,
70U AN aBED /10 ATICR 572, A, pHik 6 ~ 7 BT L, BEBRRESREDL,
Encl. 2D 1/2~1/3 1% -1, LIvL, BENEFCRES 2o, Zh 6 OFERIISchreiner
(1980) DEER = & —BL TV, Bz, 74 741 ORF L 3tic, MWT5 > 7 | v OWER,
BEUBERBEAEZ(ELRT 22 E8Honc A >, BT, Encl. 3 Tit 7 B, 74 74
ADBFE LI, HELTW ZeBESH, EREL LA TOERNCBTA2RTF4 74
A&7 VEREOHEERESHORE S AME L 255 (Hogetsu ef al., 1960; Phillips et al.,
1978), B 77 > 7 r v OBEREBRERCLRELERSRSH, s 0RERESZORY
THHENT 7 7 + v OBEMER, RUREEECEISb0LEzonk S,

ARBTHO N HRIRE W= W X2 AL TE »fgEACBWT) ¥, BESNS
LZ2EDLSVERETEMIMIEL TA S,

£, 1,000 kg H 7 4 7 A4 A ZEHEL,100 R ERE L, WL 72 £ 73 L SERT 1,330t
wizh, CERUEBEROI% T LER6TtERD, VY, BESHBEHH2%, BT
1.5%Ld5L ) 134kg, BFELUS5kge %2, HAMBRETHT {744 OBERIEE
BTS5~10kg/m* B o TwEZEhd, FHSkg/mM ERET B ERT AL 744 530.27 km?
BB WD, e, VrELTO0.5~1g/m?, @#: LT3 7~T.5g/mEBRETII LM
UHETHLLEIND, DIEREHT, K74 744 AWk bTHET S Z L2 RELTWS
B4, SEIOEncl. 4 TORBTH, 5> v HEOMMEBBP TR RT 4 74 4 OERTHE R
SHRUBEINR TR (R2), STEEOERE, H2Rohd L3 FELD 2~3°CEW
RRTH-2 T e®2ELHE, BUBIMEBRSLETHS S,
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Preliminary study on rainbow trout introduction to control
opossum shrimp ( Neomysis intermedia) population

in Lake Kasumigaura

Abstract

In Lake Kasumigaura, opossum shrimp (Neomysis intermedia) becomes very
high standing crops {1545 wet g per square meter) in spring, possibly because of the
lack of their predators during winter, and seems te play an important role in phos-
phorus cycle in this lake by releasing phospherus from lake bottom through their
feeding activity during spring to early summer. Therefore, a rainbow trout introduc-
tion to this lake is proposed to reduce the phosphorus regeneration,

The rainbow trout was cultured without feeding in net pen (SmX5mX2.5m)
from March 16 to April 16, 1981 in Takahamairi Bay of Lake Kasumigaura. They
survived all and grew well. The stomach contents were mostly the opossum shrimps
which entered through the net and the silver color appeared their skin when examin-
ed after one month. In order to know a feeding rate and feeding efficiency by
rainbow trouts, laboratory experiments were made using live opossum shrimps,
caught from the lake, or a commercial food for.trouts in glass aquaﬁa at 10—13°C
for a week. They fed on the opossum shrimps of 9.7 dry weight percent per their
body weight per day and the feeding efficiency was 47.4 dry weight percent much
higher than 27.4 dry weight percent in the commercial food.

These results suggest that rainbow trouts, if released, into this lake, can control
the increase of opossum shrimp in spring and furthermore can reduce the regenera-
tion of phosphorus from lake bottom by the opossum shrimp. The growing rainbow
trouts should be taken out from this lake by commercial or sport fishing before
summer when they die out due to high water temperature.

(LI

B MOERE(LL 1965 FAEIC L TAHIH#L, ZORBICHNOREORBIEIC L 28N
FEHEEOELL A @G TBERORBEMES > T2 ((EE » #E, 1976 Toda o al.,
1981), EHH - #H (1976) 12 B » OB KBS WMAEYHOEL, T2bLEFEATHZ VA .
VIEUACEY L, BA, Y o CEHOEINC L DER SORBEORRBANATZI L
LD LEERELL, $EANRl)RAFBRORECLY, BrBTIEBRESED TH L,
FERORVEMOHREL I LAERE, EWMOORNELNY « 2 A FHFT 2R EORE
MPRESEMLTED, MANEMESEL KL THa L2 ERLE. FRCEHOA %7



SOHERES, O FT ICKRBEENTFT AN, FL0FIOUTEFEEL2TES 2
X DERARBHENZERD TR, FORELSBER OFEELERES LA OEEET
LI S BIEBEA 3H7 I RV AP FFACHEOBEETHAEL D TEFASZ VAL,
VAV Y OMHARCERSEELS A TE Y (FEH, 1982), 749 F2FE e Lo EEBREH
ERELTWAAHEREZTR LA, IOBLAH7 2 2T 2 0 R ML BERICKENTD
NBWKAD YT AOE »y AAOBEBIRES R (BH, 1981b), ZOWETII=Y VAR
WOWREM =Y v AL 24997 S OBHEB L EAERIC L DR L7,

2. ®EERE

(1) MNEWITICL 3=y AETER

BREARR 70— AT - a ikBBECR BT TERE L, @il TORE2E5 X
5m, H#22.5mTREBEL.0cmD >4 U L BHTH 5, KFEREREETH 2. 2mTH -7, BRE
SNz 1981 FE3H 16 H, BX&E, ERHAIL- =Y~ 228, BEHR4,086g% AN,
AEBREBRTLT 12 ABO 19814E 4 H 16 Rl ETEXE, B HAIL -Foa0EN
Fe@~d, 23R VVHELAA I HCBATTOEAYDAREOA 7 I HEEYHOS
0.5x0.3m, FHENGG42, B3 1.5mDA A v MY ) 2D 180mM & 4 447 t OWRFEES
HEE L 720

(2) =¥ ~vAOAKENAEEER

60X 30 X 40 (5 & ) cmd 7 5 A KRS 3 1Buz 1 %6k & L 2 STEA60 1% J0 2, ESFH KD %7 &
TOBRAEE I EFERIEEXE, AERHAIL=Y AR SEBE AN, KiiCidy
—A b= & BEEETo, BAEO e 20RAKERNINgE 2 L3 1TL, HiZl
BEDEE/ A FF7 2 2AELY020gR 10, 2w ABY 727 VACE (BRESEE
KK) £ 4g5 27, AYHF7 120gRU~ ABHSAM 4gd FREBICLDFIZIHH-DOMH
AETH2, FEHMER 7 A TKRERI~IFCOMIEH 272, HARBEHRI BV,

. BB

(1) HPIEE T TR

EEAREEPF LICFR LT, EERFHERROKER 8.8°C, BT 12.8°CTH o1, LIFTOE
ADAYHFT7I0EEZIABHCIBEET1.86g/m%, 4 H16HTI2 6.99g/m TRTH
OFHBEEEEr T, =V T ARKRRMBLZE T ORIXRIIFEE24.67emT, BEXEDOE LD
Fi3/hE L, SEKROKESIHRS F2 5T, KEIZFEI8S. Tg CEHEEMHE ([RE X100/
BXE)21.24 Th-otz, EBEETOAOED LIFRIC 1 BEAB L 038 21 BTiTh
i, 1FMCFECLEb0REL, 416 HOBXKZIIFE26.11 cm, FHEE 212.1 g,
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Table 1 The Results of Net Pen Culture of Rainbow Trout (Salmo gairdnerii irideus)
in Lake Kasumigaura

Initial State Final State
Data March 16 '81 April 16 '81
Water temperature 8.8°C 12.8°C
Individual number 22 21
(escape 1)
Total weigth 4,086g 4,240g
Fork length 24.67+0.93cm 26.11£1.00cm
Body weight 185.7+£21.2¢ 212.1+21.7g
Condition factor 1.24x0.09 1.19£0.07
Survival 100%
Gain Fork length 5.84%
Body weight 14.22%
Stomach contents {#=5) :
Neaﬁzysz‘s inlermedia 10.4+7.64 ind.(6—24)
¢.11+0.09g(0.06—0.27)
Net pen size 5X5%2.5(D)m
Water depth 2.2m

TS 1.19 TREBEXET5.84 %, KET 14.22 %5 1, IEMEE P RET L Th i,
FUEDEE L EREMENC 5 5 hix i - 1 BRI B LMK TH B N,

BARSEL S BRSNS TOEENA Y F 7 30ATHEHOONEBRAGNT, 1 H¥F7 3%
6~24 (B, BRET0.06~0.27Tg&xshTniz,

@) AfErEE

KEEBTERTER A Y7 S @R FER(HET 2 LB ETH I LD ASERSE
MOB TR, 20725 80°C, 48 FMEMRIZLD 13.2% Lk oty $h = U7 AFITHRE
BRETRERERIEERD 2.5 % Th-7c, SALHERRERERTIR Yy, 19
7i2.64g 1.32g, FHRESERT3.60gTh oz, SAEBREAE Tz TARDL
tzo T AMOHEERHRNC S 2 08RG LAY DEEET18. 48Rk 159.24 g, THRELAEIRIT
25.83gk 73,

A HHF I REHENgRS 2 -BAR TIRESEXEIL2. 90cm» 513.77cm & 2 B 6.7% D,
FREEIETE23.87g05 31.10gk 2 0 30.3%DEMAASNDL, A FFTFT 2E 1HYRD
Wegkz /-8 (BE) TRIEHEXE 12.98cm» % 13.43emT 3.5 %, FEEKEIT 24 .04 g0 5
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Table 2 The Cultural Conditions of Rainbow trout (Safmo gaivdneri irideus) in Glass

Aquaria
Food
No. of animals Water Water Experimental
examined volume temperature period Per day Total
Fresh w. Dry w, Fresh w, dry w.
(1) C G ltem {g/d) (g/d) () (&)
A 5 60 10—13 T Opossum shrimp 20 2.64 140 18.48
B 5 60 10—13 7 (Opossum shrimp 10 1.32 70 9.24
C 5 60 10—13 7 Commercial food 4 3.69 28 25.83

27.90 gk it b 16.1 %DM A S vde, MRELE RS (CF) CRTFHERS 13.31cm
;6 U.0lembe D 5.3%, EEAEMN 24 40g s 30.32g8 %D 24.3 %O & 5 Rz,
FEEiE A « B+ CBEZh 2 6.3%, 5.8%, 3.6 %0Wmaasni: (R3),

F* 3 ZURAOS T AKEANFETORR 1
Table 3 The Results of Labolatory Culture of Rainbow trout (Salmo gairdnerii

trideus)-1
Initial State Final state .
Fork length Body weight Condition factor  Fork length Body weight  Condition factor
{cm) (g {((BW/FL?) x100) {em) {g) {(BW/FL?) % 100
A 12.90+0.42 23.87£1.97 1.12£0.11 13.77£0.72 31.10+3.71 1.19:+0.12
(1.067)* (1.303)* {1.063)°
B 12.98+0.29 24.04£2.38 1.04%0.07 13.4340.25 27.90+1.86 1.100.06
{1.035)" (1.161)* (1.058)*
C 13.31+0.36 24.40+1.54 1.11+0.06 14.014+0.42 30.32£2.13 1.1540.05
(1.053)* (1.243)* (1.036)*

mean+SD. *gain

BIEAREE (r) 2 TATKD,

2L Wikt BB OAE, W IPIREHE, (HERTH L,
ABTRBMREEY3.78%, BR2.13%, C#3.10 T I, KT & D EEREE
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Dry W, — Dry Wo
£
E) Dry F;

E =

BLDry Wiz /ERDABOEEAE, Dry W, AEOWIESEE, Dry Fiu2/H80KRER
DEREBHTH S,
ABTIIEERENRIL 44.39%, BRI 4T 4%, CETR2TA4%TH -1,

I+ 4 ZVURADN T A KT DEEE— 2

Table 4 The resuits of laboratory culture of rainbow trout (Salmo gairdnerii irideus) - 2

[nstantanous
growth rate Feeding efficiency Gut contents
(%/d) {dry weight %) C {wet weight g}
A 3.78 44.3 0.34+0.12
B 2.13 47.4 0.18£0.09
C 3.10 27.4 0.41£0.13

ELEBRAOBERANFTD2BE IR LR BLEREHHIL 2, YOBROBRC LIk A
ST ETENCBEL Twi, BENEYIARTIREY D T0.34g, BEET0.18g, C
HT041gThol, 2SR DINLSARA Y P T i RENTREBEATFORRD K {,
TRE SRS TREARTA 47 S R5HICtE~EL o1,

4. E K

B BTO= Y7 ADEGO TR B FRBAATATERES (197) 1 4 D 8&EShT
BEDEIE»SSH T HECHOITTTHE SR, 1855 383 CERWERERLRE
BHRLNTVS, L L IORBIEEETOERETH 5, Shiofkc OFBOBEE, 163 g/m?
EVWIEEETHEGEHEAETIC Lo TL oY AR E - B TEEAGETHD, 250hTVOBRE
prs iz, HIC 1 »FOEEIC L VRBLENA SN, RECORATE ZIBBEECEFSHS
N, $LENEMCEL DA F T INGINTOR I EREs TV ANERET 510
W FEL, £ THL L2 R, L=V YAOERATHRA G FT 2 DA
THEDSH, =Y TARAHHFT I 2 ERUCHR L THH I LERL TS, Br#ioAd vy
TIOFEEIE3IACL1.86g/m%, 4FIZ6.94g/mTH TSI OEEIIEFED (1981a) 2R L7
LA RO 56.76 g/m*Toda ef al. (1982) 23 L7: 5 B D 40.7 g/m* D & lh~FEL { Ak
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—HAYHFT I OEBEIAEERICLD 474 % VI ED THOENES Rz, - O
BRH TR ZO 120845 25N BETESATED, #8323 2 Lo ERaE LN
LHBALAEWVIEERLTWS, FRHERO= Y~ AFMAROERZIRL O 1447 £ O
SENEL RS, BERANEYLLANS LA 997 S8 ERROECBOIRTHE L
Wi,

B BHOBELA Y47 SYRENFIO DI = 2w A4 FH7 2 2 BIRRICHaL TEDH
Rislitdan s, tOHAREMARCEERBR T 2L IAYA DY ARBKED 9.7%
DAFFT L EB\ATEIENTES, BHUBID BEELZ=Y A0 1 B4 D HEERA
HYELD DR T A RFREBENBESN BV EERET A LR TS % LR 5, 2YFARIS
A VYT 2 ORHEE 20 %613 SEIOEHBIE 44.3~47.4 % & DFEL < B0 Lo LN TIEE
BHH S AERRIAEERLDEC LI THD D, AKBEMETTA LV EEEL Y
T ADRHBO Q28 2.8 LESINTH 0 CRERAAR, 1971) 24 b B EL R BATEEM b
HORHEBLETHS I, BT L TY =Y~ ADKRMEREIC IIEE, B4 X, 4
HHT I, =Y ALLAORNBRFORFRES O GETSLE L SRS,

CORNHRETHE 2V ARTRRIBOLOER»H S, EFE IHBEEHE LAY
7 iOHERFARLBEL o KBERONROREEASEVORE IR TEILTHD, F
A FT IR LAY OPBEBRNEXEIET 22 ThH 5, 85 BERMED D
BouAYF7iEoyvRCiigs e, J0MEOBVRE L TRY L, BEEsACHE R
B Fro@uniifEz L tHRNT 2235, ChBOBHNOLOD =7 AKK
BE— BLORTH=VRARA YT i 2ERTZ2IE0S, FLEZ0ETRAVPFT S
55T AADEHERYEINED T, —V-AXRET LI 0L D IER Sy
ERT 2 EHBTEEI 0B rBOEERER I 2WOSERFHCERTHZLELD
n3, ’

AT 72 D R ERER B A RIS X RICIE = Vv A AEOEE 2B o T i 0l o
I Tt & R 3, '

5 Fr®

i Br@iTlOITCLIA=IvAEEXIBIEIRI6HLVEELR 6 HETITVE
EERERL, HEDRENADN, A HF7 IRHALTWS I LEES W,

i SYTRADAYFYT IRMEETIREFETERICLY, YA 0 I b n A HFTF 2
PUREELTI.THERL, TOMEBEE (EMEZE) 3474 % bEL,

i CheOERIVEyHOBEA YT L OEBEMH, EroHrI Toy s ¥EHE
DK, AT IRERSNIYED =P 7 ADERICE » iD= 97 AMBEHEHES D
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1976, (1977)

No. 2* Studies on evaluation and amelioration of air pellution by plants — Progress report in 1976-1977.
(1978)

[Starting with Report No. 3, the new title for NIES Reports was changed to:]
Research Report from the National Imstitute for Environmental Studies

No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus
(Diptera, Chironomidae). (1978)

No, 4* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977, {1978)

No. 5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. (1978)

No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1978. (1879

No. 7 A morphological study of adults and immature stages of 20 Japanese species of the family Chirono-
midae (Diptera). (1979)

No. 8* Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1979)

No. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1978. (1979)

No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1978.
(1979)

No.11 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980}

No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980}

No.13  Studies on chizonomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollution
with sewage water.
Part 2. Description of 20 species of Chironominze recovered from a tributary.

No.14* Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978.1979. (1980)

No.15* Studies on the biclogical effects of single and ‘combined exposure of air pollutants — Research report
in 1977-1978. (1980)

No.16* Remote measurement of air pollution by a mobile laser radar. (1980)

No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion pﬁenomena in the coastal region — Progress report in 1978-1979. (1980)

No.18 Preparation, analysis and certification of PEPPERBUSH standard reference material. (1380)

No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979. {1981} ‘

No.20* Comprehensive studies on the eutrophication of fresh‘water areas - Geomorphological and hydrome-
teorological characteristics of Kasumigaura watershed as related to the lake environment - 1978-1979.
(1981) :

—_ XV —




No.21*
No.22*
No.23*
No. 24%
No.25*
No.26*
No.27*

No.28*
No.29

No.30*
No.31*

No.32*

No.33#*
No.34*

No.35%
No.36*

No.37*

No.38
No.39*

No.40*

No41*
No.42*

No.43

Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutrophi-
cation effects on main utilization of lake water resources — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of Blue-
Green Algae, Mycrocystis - 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Summary of researches — 1978-
1979. (1981)

Studies on effects of air pollutant mixtures on plants — Progress repot in 1979-1980. (1981)

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in relation to the pollution with sewage waters.

Part 4, Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal matine environment — Progress report in 1979-1980.
(1982)

Studies on the biclogical effects. of single and combined exposure of air poliutants — Research report
in 1980. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary poilutants formation mechanism in the
environmental atmosphere (Part 1), (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
ion of atmospheric motions and diffusion processes — Progress report in 1980. (1982)

The development and evaluation of remote measurement methods for environmental pollution — Re-
search report in 1980. (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring - Progress report in 1980-1981.
(1982)

Study on supporting technology for systems analysis of environmental policy — The evaluation labo-
ratory of Man-environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)

The development and evaluation of remote measurement methods for environmental pollution —
Research report in 1981. (1983) . ‘ ' ’

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1981. (1983) L _
Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
Experimental studies on the physical properties of mud and the characteristics of mud transportation.
(1983) ‘ "

Studies on chironomid midges of the Tama River. (1983)
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Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream in the
June survey.

Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-pitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atomosphere (Part 2). (1983} )

Studies on the effect of organic wastes on the soil ecosystem — Outlines of special research project —
1978-1980. (1983) .

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 1.
(1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 2.
(1983)

Study on optimal allocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental pollution —
Research report in 1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters — Estimation of input loading in
Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — The function of the ecosystem
and the importance of sediment in national cycle in Lake Kasumigaura. — 1980-1982. (1984) -
Comprehensive studies on the eutrophication conirol of freshwaters — Enclosure experiments for
restoration of highly eutrophic shaliow Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes of the bio-
mass of fish and crustacia in Lake Kasumigaura and its relation to the eutrophication. — 1980-1982.
(1984)

Comprehensive studies on the entrophication control of freshwaters — Modeling the eutrophication-of
Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Measures for eutrophication
control. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Eutrophicationin Lake Yuncke.
— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of researches, —
1980-1982. (1984)

Studies on the method for long term environmental monitoring — Qutlines of special research project
in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha- -
nisms of selected organic compounds — Research report in 1980, 1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Formation
mechanisms of photochemical aerozol — Research report in 1980, 1982. (1984)

Studies on phetochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Research on the
photochemical secondary pollutants formation mechanism in the environmental atmosphere, —
Research report in 1980, 1982. (1984)
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Effects of toxic substances on aquatic ecosystems — Progress report in 1930-1983. (1984)
Eutrophication and red tides in the coastal marine environment — Progress report in 1981. (1984)
Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)

Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studjes on unfavourable effects on human body regarding to several toxic materials in the environ-
ment, using epidemiological and analytical techniques — Project research report in 1979-1981. {1984)
Studies on the environmental effects of the application of sewage sludge to soil — Research report in
1581-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
chironomids in lakes of the Nikko National Patk. — Part II. Taxonomical and morphological studies on
the chironomid species collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984)
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