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Abstract

This volume is the sixth series of progress reports on the project carried out
during fiscal 1985-1986. Twelve studies concerning the ecosystems of river mouths,
littoral and pelagic zones of lakes are included.

The results obtained are summarized as follows.

The field observations and numeriecal simuration for deposition and resuspention of
cohesive hottom sediment in lake Kasumigaura were studied., The calculated turbidity
showed a good agreement with that obtained by the field observation, The dynamic’
changes in water qualities near the mouth of influent rivers were measured in
Takahamairi Bay in Lake Kasumigaura. Near the mouth, the concentrations of several
substances (metals, nutrients and chemicals) changed seriously and inside of the lake
most of those varied longitudinally in proportion to the log of the volume up te
reaching each point. These substances in the sediment of lakes in Japan were analized.
The longitudinal changes in the sediment would express cone of the estuarine
characteristics by reflecting the spetial variation of the suspended matter and
water quality. By the three-year observation of nutrients budget for Lake Teganuma,
nitrogen and phosphorus concentration in water decreased gradually from the mouth of
influent river to the outlet of the lake. The retention coefficients of nitrogen
and phosphorus in lake water defined by Vollenweider were 0.34-0.38 and 0.44-0.56,
respectively in Lake Teganuma. An ecological model of Lake Yuncko was developed to
assess various program for eutrophication control. In the case of 50% reduction of
external phosphorus loading from the wast-water treatment facility, the annual
chlorophyl-a concentration in the surface water decreased to 789 % of that of the
control simulation.

Water guality and aquatic plaants in the liitoral zone of Edesakiiri Bay in Lake

Kasumigaura were surveyed. The maximum phosphorus and nitrogen standing stocks of




aguatic plants were 0.6-2 gP m~* amd 9-25 gN n"°, respectively, in the littoral
zone of the bay. A large amount of Microcystis sp. accunmulated in aquatic
macrophytes zone in summer and autumn, And dead emergent macrophytes accumulated in
winter. Dissolved nutrient concentration increased in autumn and winter. Benthic and
periphytic macroinvertebrate in the litoral zone were mainlly composed larvae of
chirononid and oligochaeta. Biomass of chironomids and oligochaeta in this zone was
highest in early sumper.

In summer season, Bosmina fatalis predominated in Takahamairi Bay ef Lake

Kasumigaura. In cthis season Microcystis was dominant phytoplancton and Bosmina could
not utilize Microcystis dilectlly. Cladocerans may utilized the decomposed
Microeystis and bacteria.

The effects of dilution of lake water by a heavy rain on the ecosystem of Lake
Kasupigaura were observed. After the rain, Neomysis population decreased dramatically
and then the zooplankton biomass increased. Phytoplankton decreased following the
zooplankton increase in the lake.

The outdoor pond experiments were carried out for analysis of relationship between
nutrient loading and phytoplankton standing crop and of the effects of zooplankion on
phsphorus retention. Phytoplankton standing crops reached the maximum values on 1 to
2 weeks after begining of experiments. Apparent setting velocities of phosphorus
showed almost same value unrelated with areal water leoads in the periods of no
zooplankton growth, Apparent setting velocities of phosphoruous were promcted by the
existance of zooplankton. In the same experimental ponds, continuous measurements of
DC, DIC and pH were carried out along the course of growth stage of the phytoplanktons.
The carbon and oxigen metabolism of the phytoplankton were analyzed on the diurnal

changes and in acidification of the pond water.
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-1 BEEOBREAROTBMBRARUENIZaL—Ya Y
Field Ghservation and Simulation of Deposition and Resuspension

of Cohesive Sediments in a Shallow Lake

AEEE - HAEEE
Kunineori QTSUBQ' and Kohji MURAOKA'

E 5
HrggEAexdgeL?, EROBRLHERIIETIHHBART I 2L -

varvEfFok, Bk, AW BE, RRRUEEOBNBEREZL LI, By #EC

BUHZEROEBEZLE, BHRTELRL, BLIUBESHERRE IS ERRIY

. SEDYIalb-23ar0OERBER, ABTORTRANIGOORERI 2 E

ZEBELIIFNELESSE, EVHRBOEREOBEFRAELEERL AT

5. WEIIALTRETOFEE2HEL, BIUALTRIZOLESEZELMILE.
| Fh, BEEMSLLT, Z00EBEAMICHTLIERR LM TIHRBREEY Y
i TERMEHLE.

Abstract
The main purpose of this study is to present and discuss the results of
field observation and numerical simulation for deposition and resuspension
of cohesive bottom sediment in & shallow lake. Field data taken in lake
Kasumigaura, such as lake current, wind velocity and direction, water wave,
and turbidity, are shown. Based on these results, we discussed how
sediments were suspended in this lake and established the procedure to
estimate the bottom shear stiress causing sediment resuspension. This
procedure was used in the simulation and also used to determine the
critical wind velececity (Wind over this velocity makes the sediment move
‘ from the bed.) for the twenty five points in Lake Kasumigsura. We adapted
the one-dimensional (vertical} mass conservation egquation in the
I simulation to express the behavior of the resuspended sediment particles
in the currents. ke studied the effect of vertical change of water
contentof the bottom laver in the sediment resuspension rate, and this
effect was taken into consideration in the simulation. The calculated
turbidity showed a good agreement with that obtained by the field
observation.

1 & B
AFEE, Br@EEACSIZEROBEECBTAREBMRUY IaL-vIiion
THAEDDTHD, BARWEEROHELOEMERET S ETETRTHY, WETFI

I, EAEREN KELBBEEHN T30 REROEHENFIIEE?
Water and Soil Environment Divisijon, the National Institute for Environmental
Studeis. 16-2 Onogawa, Tsukuba, 1baraki 305, Japan.
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3, BERFOREBEFHOAZAOHBREZHEL Y, BERLBL - HEUNEZ2HHTTLET
DHNLFHE L5, Sheng & Lick (1979) BRI U —#MEXSI0, REBICIZEROBESZ LY
FhICESEEOREELEEHELE. BECREFMOLEADPERBEO S KLOBE T IL
BUL, BEMLEEOKESHREOEFRERMLE, BEEOER - ER FICETHEEFTL
DEFINE, BE2DH T UASLANERLLLBEFLMALETSS. T2bb, 1. ERO
RABMODERTCULE, 1. ERBAOSAKEOREFASEHYE, I. EROES LORR
CRBEAMGORYE, V. BRELLEEENFOHFATOERHONoTHE, N1ILENOO
VIVAFLEENLERET2EDOHE, FEREFNREATHS, YT VvAF 41, T2
DWTHEIE—ORRFBLEATEY (KIE - #H, 19852, b, 1986), T Y AF LN, VO
EFMMEABIATOE., ARN T, HHEBERORE, Y7 U2FLE, VOEFADIEICRE
N, BRI, BRAYTOEBESEEOEEEOY I 2L VavDERLOYVWTEARR LD
EBEEXULARALHRE TS, TVAFLN, oW TR, B IZEFBEANMEAEREB
BEOFEEEVWTEMLE., £k, FOFECEIOT, SrWoREsrH#L T, XREEL
EESHEERII VW THER o, P TVAFANIKOL TR, BEFHEODVWTORER
RFOBENRZEEZZA LT FVEET =,

[#mERomRRoKE |
m ] (gEieFn)
------ o~ i# LT OB RMEL Gz, t) ||~ FE |

REOBRE ) B EROREEL 2, () |l [HREE ]
! ]
PEBHE L | kB Put) e (EEREN)
WERR) |
R m
BRERAT v & BRRAD e Rol LR W ORI
MG U p @K | | omEE it (1)
e = fun.{ry) ™ % (20 = fun (ra) }
Pm = fun. (r/rp) Po(2) = fun.(r, ry0) l[m
I
AETH) | Rtk 2 R S ST SAkOBEAT
! (20 = (2) w(z)
| ) —
[ELTE L) S B OIE o 2 B, R P
1 (W)s mi () ERER- |
(BREBE7n)

1
1

Fig.

HTEAFLORER

Explanation of sub-system as to cohesive sediment resuspension
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2 BHEHBER (AHE . KA, 1985c)
EROEZFICET2HABRNIHUBROBAREORLOPEL, REAZRE (R2 0
SLIOK 1k H) KEFZATHWAENAEBTIT o2, BHNERERMZCONAED LK
GEIhTHS (F3BW), MEORLEFMICEEL TEHAOM OBEKANFHFEILATH
A, B EOKEI. N TERPFRFELLICLY 0. EEELET 2, HRHET T, FE B
e B, BREUKRARTHE, BELBROFAMEIHET, 50305 THS. HEEN
HEABELS, BT - BRITMAABK, BRARCHEMZEHREN, BRCBEOHMIE
BABEES (RAHHES: ol kY EHHfish, vy b T-73LBHREREIAY
sgahk, PrBELOES, H— -y FU— (BEMWFA) 2HUMBEHEOBAORLLE. Ny
FU—OEBEESSHERION MK, HAUBSOHERBAPLERETIEY - T=-FOD

BE(ES)IZEoTHEEDHENTE,
Encbsures@
k] .-Float

St 7] Station

"51.2

B 2z HBEENOBS

Fig. 2 Location of field reserch flecat station

B 3 #EEHEAF-v=V
Fig. 3 Photograph of the float station for field reserch
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2.1 HEf-BAEOKYK

BUIETLF- NI BESICEHSLESF, BR300 REEEH e, BrEELEE
ERETHEZ2DT, WELORH - AL b28TcEE—MHeEA 003, 28, BLIOEE
AU (BH2®mSt.]) LHEEIMICENEBH (20 point ¥) TOBEM - BEOH B GREE0. 92
Tohohk. M4k, BHMERERTHAIAEF S E2L 2L, £HARLEA#F S50 LLDob 0K
ODWT, BAHOBEEANRERLELOTES, WFhDOEHIIEWTE, 2EEIINTIEERE
MEBBMICHTLFRERBFE-RLTWS, F(3~50)2, N~EFAMOREAFAS L, H(6~
8A) TWENE~ESMOMICSH~SHFROE DS, K(I9~117)icE, N, NEFFIHFEEL, £
K NEUNIOBEAES TS, EHOREZEHO AT~ « A7 MLERICE, 1H2$EHICH
B3 oMBKICHE Y - HERE, —F, KMORRIIZENOSSE Y EE LY —Jith
WA, 2OHBECHBIZHERIIBE Y- IPFELE, EHOBRARFIAEAREBRNT
En/s BIBETRFLHEI dok, KPR, BOBVWHELBVWAF2~280ABTHYES
nkE. BWEEIKERESE, BFOEHEES 10n/s 2EITHEDI . iz, 1 Hh48
EMLHBALRAOBVWINSEL LY, BEbAE< Aok, '

Spring (Mar—May) Summer(Jun—Aug)
pring NNW Ny NNE All wind velocit N

Autumn (Sep—Nov) Winter (Dec— £eb)
N

Nw N NE NNW NNE

g 4 EROEHED

Fig. 4 Seasonal distribution of wind direction in Lake Kasumigaura
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2. 2 HMAEoRH

Bl 2o M T KBS A ET - R 20 R EERI0R I CICTEHLTHERFG A, &
RETEHONT =« AT ML H, EHICE, 1HHYSORBEIIF WY - 25, KEICE
2~3EQBEEHILBWE-ABHLONE, WHEEIT S0/ sEBET LI EAT, FEHIZ10

' ~20nn/sTHot, RFEEHEOCHER, BEONSEHEEHOTR0.05 M RYENIN =,

ZORERE, MM EE (1980) CkAHHMELITIEFE -HTD. BELOFRLLINE, BrEO
EREBEAFAZ LLBEOEEROBM N v, OER0.0300/0° BEETHS, #HmOEKH60m/s%
AHoTtRBEHEHELTE (HAGHK:0.02) , ZOHEZOINCEETHY, METIEE:
BEEHDIZRBLWEHHENS,

2. 3 KEOHH .
LEEMP T - TORZOCHENIS, Ry VI-H -7, HFYHREEOm/nin BLLT
HEODAFA (205BEI 1 HBER), ey b F-7La-¥- (1BEE2C1HER
B) OF - SALRRAOCEMNSE R ROE, REOBEFBRIITE, FLSHOXHKETR
HORGELELTELEREERES RV EVIENHT, BREST La.(nEBATENLE, &

RETEEE Va(n/s : 302ARARE) LOERSTOHERIBRCEIDITEH 5.

Howx =0.047 V. +0.134 (y =0.76) (1)

IZTyREEGRETHS. BHOTHERZHEH TIEEYAMLGAOFRBEIBLTE, 8
BOBENEHLEEALNIOT, RANSBLAR L OMHREABHRLOTNILEEZTHD. ¥
BT A Rayleigh # AL EETHIT, MEHOBRKEE T L EHESE L., (0 0BFEEH
MICR(2)TEALR L (EAFEE, 1971).

Haax/H, .y =1.074/10g, N . , (2)

F—AOHBEBMAA LI SHETHY, REOHEN |SRETHhEEnHdEE, I SIHIESE
DIUAUBENVOCHEERZRLT, ¥X=308<., Z0E4, R(DERODEIIZARS.

| H,,.=0.035¥,—0.10 (3)

‘ HM5aoaBOER()0METH 2, HEOE Wilson(LAREalE, 17 LY EALNEY
EnEoke : '

’ H,,,=0.0024(F/g}* "V, (4)

| KB WT, RAEE (fereh) FElkn2 LEBATH S,

WROCEHBIZOW T, zero-up crossEIC L Y KD ZHEHARE Toid Heae DULLKE VLE2ED
EEAZOBNE, B5FOOME L ET.OENF -2 &a8Ee, R(ET,.=1.1T.%
ZEBA(EARAESEB.ITNEENT, BR VLAEHEDOANET . L0MRBIELTRLEDD
THED. BFoHEHFOElsonoEERX{L A% L, 1971)
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Fig, 5 Significant wave heigh and period against wind velocity at the field site

Tiss = 0-10967:(F/g2)"3 Vw)/s | (5)

TFE lknk LEMRETHD, WEABBRFICNT2RMOBER2 YOMBEL K2 D, Bl AT
CDH1/3&UT1/:£¢, "'.E‘IS, 5@@%@&“@1@@1%%&%1 E)h%)u

2. 4 BEOHEM .

WETIE, BEE ISV PR EROBEESRAERFEL T —COBEEZER TV,
TOBERKIEBECEEIZXILTE. BEABREAOLVEROBEEOHUEIZOGIIHRL
LTnd, CoOEIIELSO30~40ng/l 2 BBIC, KIZi320mg/Idi#g LY, 51241213 10ng/1
MBIIETCRAILEBETLE., ZOMBFOEBALELPHTEULET DLW SEZHNY -
VERLER, ZREBEH TSI/ NVOERIESHELTNS, GRARELEHAHE
BT, EE—HThor. BEOBEUME CondC2ELIVWEHEGARECER LICESE
EQLASLEALONSD, C,OMEIE, 6~To/sOEETIE 10mg/] BETHAHH, Vu>1In/sT
BEESAFETEENS I LIBME (110mg/]) BHIT APk, BAFANES &0, OERL~Z
BERILAMICIONg/ LA FIL T o, £, BHAF -3 20 KE FHUREKAERBVAR
(EEELETCRHLABR IV ANRYMAT AAT NS, ) ABELTVWE RS, I~NEFEOR
LHLTROAEORESROEZHDENIZIEY, BAFN I AKVWEEETHC, D#EIZ1I0~200g/]
EELALAELAP ok, CoDBMEHIFTIZIZRLED, GEV. KDOWITORERIHOER
BEUTOEDITH B,

C, = 0.018V, — 0.09 (v = 0.53) (8)

Ty RENERTHE, ZOBS, Vu.2h/sORERHEEL, I~NE FREOEED T~ X
AL, BEEBREOBSIELT, GeWOMIirryFVHEESNED NS, AL
tﬁﬁtmﬁm%%%%iébﬁéa.Ebﬁ%@A?@Eﬁmﬁﬁiéwéﬂ:?EEEm
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EfRfOBE FHAROFAMBARSEZD Y 2 —Ya

BIEYEEREILEBEBLBALGND,

3 RHMTOEEBRBAELND

3. 1 EURREN

EROMARSZEALCRUHLEQO#RFTERNETAVT, BB A2 RS L LEEROER OV I a
b-vavEFHEailid, RETORNWNORKBEREEANLA (BRF) L LIEHET 2L
ERHD, HEDER*FEEHLIRHM I EFTALERTEZREL»SROLIKERINTZZ &
LT 5,

T = t.tTet T (7)

CITHTLEARICE o THMEZRIEAMES, . RERBETECANBATEHS. 1. E
NCEBEBHAT, ERORUELREETTIRICERESTHS (KT - HE, 1986). .
REHEOEIIE>ED oY L LAEBHESEEALTNEL, . DAROARESEEDK
BN o< U LEEBBEAEELTVWBAZRIEMAT B -FHARACLEETNERS 205
UEhEc. 220w Tinsd, 2EOY3Ial—0ay TR, BHEEOEXRMEICNTS0.01 M/ &
WO EE T, PLTER, ZAPFEENIIB<LLT NS, HROBEARENSLLAB IO
T OBEREBTHLES, BrETOEROBRLIMETAIERAEANMG AR 1.6 FRS
N3, TJEWIRERORTRANGEALEROBRNL LIE>EMT20AHBE L 23,
RETORBIAEANT, TORBICI2ERCANS AR ERWIEED T2 2 L RIERC
BLOEY, REBHFEAECEVSN TS (HE, 1981), 227, ERCHEBEICK
LT, BEERANGAOMEREEARCKRETIOANHLLER, UABMOEHTERSNDE
PREA . BE2EEL, TOBRUERERSBARE LTRAZZLILE, $hbb 1. 220
EH AN BE. L EBCER T AL ORI VA LEREER, WO WTORENSRESHE
PUTHESSBREELE.

$7, ENRAAOTEB . DRKHAFEII OV TEAS, WELEL V.23 BEORANK
G ()R FEHEERAEC, FAKEEUTHEL r.(O0RBTREUETE A KK AP
BEaeZzaishs (Me(a), (b), (¢) BE). H5H™AL -V T, ONRBEET LORR V.
BR-~FrEET2. BEV.OZGMETOWKALOFRRUEL, HURTREIZLEES., TOR
DR, AL LTEABERCRGTAE&MOKE .., BY T...28ET2 (Fe(d),
(e),BM). KFERNE LT, MABEREHBI BT DHE LAY TORGRR

L = {gT"/2x) tanh(2 7 h/L) (8)

RRAVCTHBEEOBE L, 208322, T, .1 8BUFORSRCERERESRL (h/L,,) @
EE0EEl by, MELEEREKRILAEZ LS, $2EBZOE M. ,,/L,.) & 0.142
DFERVBELRVEEISRS, 2hHQI e 2BEA T, RNBENTORERZ H/REE
DEKFEELTHRI Z e 2 Uk, BAKOMET T OKRRKFEBEu i

- 19 -



KEFIEN - W ESE

uy = {ao./sinh{kh)isin{kx— owt) = Ussin(kx— o.1) (8)

THEABNS., 22T aRBOHE, 1, RuORIE, k=272/L,,,, 0.=2x/T,,.CHd, £
METOEEHE EE U, 13

Uw = (1/2)a® o wk{1/sinh(kh)*) {10)

THEALNDM, T,,,=1.8s5, L,,..=0m a=0.18a2 WHLHFEKR& WD EHETE, U, =0.36m
[sEWBTHEED, WAOEHEDRRANAFETEHRERTES, WERBTOREZEE
BEALAEFHOEAEANGE 1. KO2WTHERCBEIIEIBERENEELARTEA YL
5H(EH,, 1981).

Te = TeSin (kx— gwt—{71/4)) (11)
It BAR TS EINIEEACANISADEETS 5.
‘E..L=p Vo.v  ouy (12)

2IZT, pRAOEE, viikOHBEEGHTHE., EEEANKE AL HEBETORKEFEE L
DI /AOREENENS, AEROBEL, ARBOBSEHVTHESINENI S DN,
FOFBEER CRENEGEOSAFTLYLHEF 52, FT0O-0LROBARERNBRAY
b, HEARMEIIH L THEE 2 RDD L BSFBEI A Tar=p L S LI T0r= (1/2)
Plan L RBELUABEORBCR UL OEMRE SR T2 (HE, 1081), EEEANGAL K
MPREOMMEEONE, EECANDHALERRFORBBOBMAC FHEERIEL, &
DFMERESEAECORRHPORZTHEBREOBEOEMILE2ZAZ L, ZZTHREAETARNIS
ADHBMBELRBELTELEUYEEAL L, TLTHROBEOLAFEILRLIKRATES S
N2t . REWTEROBRALLEETOROBHAETML =,

.= (2/T,,.) ff‘/*/2 7. sin(kx— o1+ 9 }dt

= (2/n) 7. (13)

ZIT, TLREBEANSAOERE, 6RARFRELRRAOLEETH D,

EECHE?:Z Ve LT, KNFREORBEIASAONEBORBIORBEENEAER
®, RERY Jomsonic X245 (MAELLEGEAEB(HE, 1981)) THELEESR, B
RMOBEERBRVAERDENED, Tu/1.,=2.0~10.08 BEAEOHAKREL 2ok, BE
B LTOEMIT, MUSNEFEN 2L, 1., b0 LA ok, SR T, TEDR
HAOEYMET ML .

CHETILEAARTCEREYRENOTHRELKDIFEREH TR L, &7, BRIHET2
AEOEE L - RUZOAE T... ¥ 2 A FhR (4), (8), RUK@) ko5 (@6 (e} IT
WG, WICEQL L EUT, L KENMREEEZZEH LCBETORETFREDCRIEWL 2 Ko,
TOBERODNS cLEHELT, BRI, RUNTRINZTHECEELI S OFHEE R
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Fig. 6 Explanation of precedure to obtain 7.(t) for given V.(1)
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3.2 MUHLBCEEFRVRANOEDHOEE

HACEWTR, BROLHICIVEYRRIOTHEAREMICELT B ETTAaL, B
BA-ETELHOFABMUAKSCEETOMSREOR LRFAIC KLY, BEEEGICEHTZEAMILS
REHRBOAOCEHEOELVILEHLTINDEEALSNS, ThbE, BETOEHREHO
BRIz ()i, TOLHEFIRROEBIIEGTE2I A LBBLELTRYBI>OVESLE
Zbhd. ZITH, EREMANETCOEFRRAOSH 2 PEME ., BERZ . OERSH
EBRETS. 3. 1DFRTCEASHIEEFET.IIHLY, e.=0./T.TEHINIEHHRE
A, BROMRUFELE pax (T.x) OFHNHEICREIITHELRNTOIILILT S, LHEOHE
BBEIOLHOREELY, BEROERATRCHLBOEHME Pax (T.x) RUCRBERE o)
(T.x) WIRDEDIIRENS,

Danl T ex) =f® Pax( T eudT( 7 exddr.x - (14)
Oe(Tew) SLIP Pax'(Tox) T ex)dtex—{Pax(Tex))?17? (15)
F(Toe)= (1/(S27 0x)) ~expl= {(Tox=Tex)/(V20.x))?1] (16)

ZZT, Mt )3 ERAEYRBED T xDHBFEERTHD. B0, Tex=Tec/ Ters
Tex=Tel/ Te2y 0x=0:/7..TCHB, EET . RUF 0. BEFAFN . D2HOEHME & EHH
BETHY, 71 BEROHEHERAE(RT - HH, 19832)TH 3. £MFRNOFFOERGHY
a.ld

Q‘-{=Utlf?e=ot¥/?e* (17)
TEHFEEHBOT, R(INNEROBICARATHIZ
)= {1/(/Zr actex)) cexpl= {({Tex—Tow)/(J2a.Tox)) ] (18)

B, VWE, ¥x = (Tex—Toud/0ax = (Tex—Tod/laTode ¥ &, A(14), (15)
BRCE 243,

Pux(Tex) =0 @ PuslknTox) ¢ (Vx)dyx (19)

=1/t

Op(Tex) = 0L aPax’ (ke T.ox) ¢ (1e)dy—{Pax(T.x)}?] *7° (20)

-1/at

ZZT, ¢ (V) BRUkRBRIRATEH SN D,
o (yx) = (1/ /2x)exp(—v*/2), Ex=yxa,.+1 {21}

B7il, £EYRKEH . OFEHEZERILANESSD, BEROERIRUVBLED EHED wx
(Tex) CERREDRAAOEHET cOHFEE, 1 . OFEBFEHa,. 2T A-FICLTEE
LEECTHD. Pas(Tex) DERT P03 ETH e OEICL2T2A-F—FEERY,
e HAREVWEFEYARELRD, LML, TxAENTBIL 20T e icddENFELL,
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Tex=1.2 TR . ILE2BVWEIERATEZ2RBEL RS, HTOHRET P NELTa.
=0TRERFBLILZ2VWEETY, ZHEW ¢ 0BTk TH, PRVOERSIRLYSZ
CETRBLTNS, WA, ¢.=02a.=0.50DBEREALD. FESIZXY, .. DEIE .,
/T =05TEHINT NS, a.=0DHED PuxQMWBD S 7.4=03IHET S Pux D2
KHB L0003 B, ThADLE Pax=0.0034 ., DHEFHLEALSZ - HFTED. a.=0.5
DBED pax DB S, Dax=0.003IlW LT B 1. +DEERDDEM0.32 12, ZOLED
. DRz, ETBE, EFt.,.= 0.63z., 843, $hbb, EGELAMENCESY D
HEEIC, EATEORERANINERY, 1., . CEROELOBENBEAZZ 2R S,
ZZT, 1 IEEEBERLEES (v..) &, LARVLEE (t...) KIBERABEME (Zh
DEOBETEENELTS) OBWE, HB8ILRLAGHISIINLTIRHTAEZLIITZ, &
1 2o EOKRELERCES, BEE (0~2cnf@) O&KE (water content in percent of
dry weight)RUVBRE, 25CEBXyHTORENEMR (NFW, ENE, 5) tx¥25HB LA 0K
FEHEE(fete)2RT. (ZZ2TEHEARE feteh F EEIEMICHLT, HEISCEHEEITO
HEHrHE P THRENCRAR 2L THD. —F, ESLBENT, BNRACERLE
fetch®Dfil, BBLAZROF-FIZH LT, M), LUGIHPBRTELE>EDHLEDSLRED
DT, BB TORBROET, BE, CESORALEBEEABLTVS, )
EHEOCERABEFRETHIIYEY, UTOREEIIT-E,
1) S BT EERE felchFEALNEBEORBOKELR, FRARTRET D, BN
B oBERE R, FOEGEEHBREIATXDEREUTGITEALONS,

10°

PrniTeny

o'

ol

M 7 EHRAIOESHEZRLEABEOEROBRAMRTEUE pax(7ox)

Fig. 7 Lines of pux as a functien of 7.x for different o,
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B & BRBAFEEHRFLEZHIAOME
Fig. 8 Location of the twenty five sites for studying

the critical wind veleocity

2) BAOHEAERICNTRAETERANSHOEDHEOREEMET . 3RBG)~(13)THMEEL S,
3) #MAOERRFOHREXIEMNH (RAFRA) IPHOBSEROTAL L T5. BEWIC
B, 7., =0.035 §/u* {(&oT, 7.,.=0.0224 K/n® )THERAZ. BIIHUTH, SBERAKXIY
533,

BEZOHEEIL>VWTE, ETOHRHEEETS. b L, BHATORRARCHBEEZEALTH
N, EAEORBVRABY t OBERABIVRTTHE., LI L, BEEROBREIC i,
SLIOKREBLBTOERE TH, ERKEFALBEED 1., OB, BEOHIIRUREL,
~%, BRETOEKRE (HLHEOHOREN) KT ., O, AETREEFLW. UE
DEELY, ERECBEVWVRAOEBTCLTLE T ANV EEEST, DL2 7., OEITH
BETHEYRERLWEBTILLE, FUVEVWESKEREBTEVHELTN2ERE, BEHIIX
EnkY, HEEFELET LIS, FVEBEVWERETHBLTIVWIERLAREDC 1. DEE
FRHEBILEALND., FELO—MOERT, FETOAAEABOERIEY, EEE®D
HEIFLICL L, FHIREWIZEEMN DS T D,

F2L, BHAELBI D RU o JWIRIET DHAEEEZNE, ENERUSHD A L TR
LEEOTHD, EOBRAILBVT L, 7, T 2ERREV.. Pt I T2ERBREY., &
Y1l ~3n/sBEMAVWIEHADHE, HS0=Z>0HE, EEO=Z20EMICAHLT, V.. DfE
DEATOKEATHELHREDOEEBEIRLELD TS, REBIRBERYOEELHY =
ORI TRy, WEFRORILA L TR, HEE»SHETIDTTOERNE~6n/sORTE
LB ERENAES. ENEFMOBICH L TR, MER:ARMRCLHTOREN S ~6n/s
DERBRTHLUELIAEEIED. S FAOBILHLTE, HOLHREOCERSEEL»T vk
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#F I BriiflEMHBAEOKE BERZBODHEER UM EEYE
Table 1 Date of water depth, water content and median diamater of surface

sediments, and fetch of the representatione sites in Lake Kasumigaura

Water Water Median Fetch Length F{m)
Site | Depth | Material | Content | Diameter Wind Direction
Xo. (m) (%) {un) NKW ENE 5
1 2.2 mud 552 35,5 300 300 200
2 3.0 mud 795 26.7 3300 300 1300
3 4,2 mud 1177 37.1 2000 1000 1500
4 5.2 mud 1066 34.5 3000 500 1000
B) 2.4 sand 58 226.0 1000 700 2500
B 5.8 nud 1004 31.3 6000 1200 7300
7 2.8 mud 724 11.5 2500 3000 1000
8 4.0 nud 719 10.8 1500 4000 1300
9 4.8 nud 837 13.6 1500 4500 1300
10 5.5 mud 1200 14.9 1500 7000 1300
11 3.7 mud 950 17.1 1500 3000 2000
12 5.6 mud 1160 31.5 1200 3500 4000
13 5.6 mud 1100 24,6 2300 2000 5500
14 4.0 mud 1095 42.0 3800 1000 6000
15 5.9 mud 840 18.5 3300 5500 1700
16 6.0 mud 1410 16.3 3500 4000 4500
17 5.7 mud 1160 20.0 4000 2700 4300
18 5.2 mud 930 38.7 4500 1000 5500
19 5.1 mud 940 19.8 8000 5300 1300
20 3.6 mud 865 7.0 8500 3000 2000
21 5.3 mud 680 34.0 5500 1200 2500
22 4,4 mud 912 32.0 700 7000 500
23 4.6 mud 624 35.8 | 10000 2000 300
24 4.0 mud 239 33,0 500 1300 1500
25 2.0 sand 45 135.0 1000 700 1000

The data of water content and median diameter are Tor the
sediments at 0 - 2 em layer

MilH s, HOoKE, WTFAOBRBIZHLTE, 9~100/sOREIEP RV EERIELLE S
RUERkiok, HATORHBROBRERECEF - &% c RELSOBELHEER 2 KB L
rEOEeY, LT LY LEFOBRYEWTHS TRV S HYBES, FAE SFAORME
ACHE, B THERAYTHEEROBLIEEILE VIS WERE AT AN, FHTI
MOBEMSEBELEHEREIBHEAVICESL, KEVRILIZ2HEF A VWLRICEBREE T
FAESDZLZEALN, FOBAICWE, BEAOD St.2, 3, 4RETES~B6n/sOBTERFE L
TLUENID D,
LREOIDLEEAFBEZA TR WD, BHICSTLABICL2EROZ LBERERIT, H
SDEITEBLEALLND,
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Table 2 Conparison of two different critical wind velocities at the
representative sites in Lake Kasumigaura

Wind Direction Wind Direction Wind Direction
NNW ENE S
Site Ve, V., Ve V.. Ve, Ve,
No. (n/s) (m/s) {m/s) {n/s) (m/s) {n/s)
1 OVER 20 OVER 20| OVER 20 OVER 20 17 15
2 OVER 20 OVER 20 | OYER 20 QYER 20 12 10
3 12 11 | OVER 20 20 15 14
4 12 10 | OVER 20 OVER 20| OVER 20 OVER 20
5 OVER 20 OVER 20 | OVER 20 OVER 20 15 12
6 7 { OVER 20 OVER 20 7 6
7 8 5] b} 13 12
8 13 13 7 6 15 13
9 18 17 8 7 18 17
10 OVER 20 20 6 6 | OVER 20 OVER 20
11 | OVER 20 20 9 8 18 16
12 | OVER 20 OQVER 20 11 10 10 3
13 15 13 18 16 7
14 8 7| OVER 20 18 2 5
15 11 10 8 7 20 18
16 12 11 11 10 10 3
17 10 g 14 13 g 8
18 8 8 | OVER 20 OVER 20 7 6
18 7 6 7 6 20 18
20 7 6 13 li 18 16
21 7 7 | OVER 20 19 14 12
22 | OVER 20 OVER 20 5 5 | OVER 2C QVER 20
23 5 5 14 12 | OVER 20 OVER 20
24 | GVER 20 OVER 20 15 13 15° 13
23 19 16 | OVER 20 OVER 20 18 16

Ve, reritical wind veloeity for (v > 1 .,)
V., : critical wind velocity for {1 > 7 (14)

4 HATOEEORXE

4. 1 PHERZTOEFR

ZITH, BAMAFZEREELT, HRELLUEERERMTOHEEIZIOWTRE TS, BARE
TR - EBFLEHUETDEOZHELERNICRETEZ—FBL LT, ERFEXR AN THE
ESHELYOBTEETLIAENSHD., ZZTHRIHLIFTOHELEHAVS., EEEFOGK
mTOSEIE, MNFRE C(x, v, 2, DEETIZRAHBATERNERIZILILIVRD SN
23 THEN, FLEFOEEELOR, EFAOEBRHOEAFORLZLEDED, &
HTHLALHBRBODVIIEZALERENEFTER L., 204, BEIEXSHEOKE L
WiEerRo, FHAIIOWTOYWERINEZZAZZ . SN T R(ERRE, 1972), Sl
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B 9A#EEBIL2EARCHTA2ERBLORRBEOSA
Fig. 9 Horizontal distributions of eritical wind veloecity V., in Lake

Kasumigaura for the three different wind directions

Az, KEHFEIZKERPHBROEGLN —-ETHEZED, ERORUEHLEI -HREIZAS50
L, ELILHREL /NI VOT, BEOBRURLNEL, HECEBHIAESFMII &KL DR
D, o T ZITRHBEFBOHAORERT 5L, KXEES,

h(ac./a) = (E.(3C/82)) + (w,0Cl5 (22)

ZIT, zHREELEE, CLEBE, CCHVETHEE, w IRFOMBEERE, MIKE E i
zAFOEEFAE, tIRETHE. BRARGE, ARETEHELIRAABRELZNEZNDIR
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frEY
(E.(3C/02) + wCl ,.u =0 (23)

KETHHEBEEMERSEY P 22B0BRMTARCHET ENIEEEY
(E.(8C/32) + %C) 4.0 = — Pu + w,Ci,., (24)

Liad, ZO%HE B ... * 0AFIRERB, Cl.., = C, LEE, A (23) Rur(24) &K (22)
KARALTEBETHLE,

h{(dCu/01) = = w,l|sz0e + Pa + w,Clacs — w,Co = Pu — w,C, (25)

bB, TITCRUY GIEOWTKROREEZT S, L(OET C(LOEHIT
EFNEN

Ca(t) = (1/h) JF Clz,0dz, Co{1) = C(0,1) (26)

THEY, BEICR GCORV C(NERDBEDILR, CL,UDEFRLELREN, Z2TR
Clz, VUDBRESHERFICHLT, TERBOFER

0{E.(adC/dz)} / 0z + %, (3C/dz) = 0 (27)
DRCELTEZERET S,
4. 2 UHEHR

CABENSTORBBHE T, EEX>ARETCEARETOEBNERENEEHIEL, £
MHMTRENHMELHE., ELofHe LT, SHAKESGRICED <

Er = Buxxz (1 — z/h) (28)
EEHEANE, RENERBETH 2REEELIRECZ) TR ORouseT 458 & o 5 (Ek, 1972),
C(z)/C = ((h=2)/z) *{a/(h-a)}"™, 2« = wo/(Buxx) (29)

TZTRARERERTOBBIIBTIAEMER, »BALTrEH, C.i3 z=a TORETHET
BELFENLD. REHOE ) EHOERSOMENE =0 LHEFEL A2V ZETH S,
Fhadn, Rowse BRIHORE, a—0&L 3 5L, Cu—Ci—~wg iy, X(25)0ETIE, PusiER
AThRhoBYURCALARY, BEROBEFG - TLHANOEERISLLE LW ild, 2
hd, &%, a/b=0.00 LHEBSHFE SN TS, LH»L, a/h=0.05 2 H&EMIEKE b B
AKE<ledt

E,(AC/d2) laca = — Pu (30)

AHRIZLRD., TOLSCLOEEASHOETEATHS, LML, EESE, BEIRIAE
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- FE, 98BI BV TP OEERNEHNTHENT, RNE)DESLRLERVHEBAZRONE
WA, —F, BHREHEIKESMI-ELL, RE)OHEFHMEE = Fuxxh/6T
Sinid, RENEHETICR)BRO LD RBHALME L4 D,

C(z)/C, = exp (—Bzxz/h) (31)

ZITC =0T OBIETHY, Eiliee = 0THDEHIZESEINAH LRSS, Z0BE, R(25)
OEBENAEE LS, LirL, E,=Buexh/6(=const.} %aEEL, BEAMATHEAL &S,
ZODEII, ER-ZODECGEAFICEEWCHELEERESATHS, HHBREEOPEELLT

E, = Bv + Buwxnz (1—z/h) (32)

FEANE, ZOSHBEREOEAERMAETHNELLERBTAEVZOO>FHREREL, »D
HME2:=0TERTED, 227, vidROBHKERKNTHS, RE, LeXNEOTEHEAER
&, RN EBETIBELEFBIIBERNWIIIERTEFPLFAETH D, 22T, £ILERE
OHEAMSHEHRBHEOSHTRELLTRROEDIILEET D,

E. = E.o = B v 0
Er = Eiuw = Buxxz (1—z/h) a

Z a (33a)

h (33b)

A A

A NA

z

F(33)F, 2—0TEB v > Buxnz(l—z/M)THY, eWRELIRIXEDI2NTELE v <<KBuxnz
(1—z2/h) #E2ELEIOTHS, 2 ihd, BESAE CIRIFEIOD XSRS, T4b
B, C{z)id 05223 OFEUTRIERHBES MR, aS25h O LFEH T Rouse BBREHH
BEZLZ, TOBESHED 25 LBWT C)XEKTHEFAH T ATREELRD, LML, C
(Zo AT 2BMAHENRERAYOREE2EEANE, ZOALIHBFINLIEEAGND.

ZIZT CaBU CorBEFNFNEE (a=z2h) RUTHE (0522a) TOWHETEARELT S
£, REDNRBKROEHS>ILHEERHLN D,

(h—a){dCau/3t) + a (3Cae/d1) = Pu — wC, (34)

E-FTROZEGa O8N BEIEE.(a)=E. () 23R G TEDDZLILTHIEL, a FKOBMHEXS
SRHHENG,

v = uxna (1-a/h) (35)
a PN R2BEE, 1-a/h=1L4507T, all#HH
a = v/{luxx) (36)

THBEIND, x=0.4207T, a OMEMHEEEES . (=5v/u)tOLERHD La/8., =05
Ed, cOEBINEEEACEFETDILEIINDS,
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Cr2:Rouse Type
Ce2): Exponential Type

- CR(Z)

upper layer
Ca pp Y

0 “( Ce@ Iovler layer
0 Co C

B 10 BESHEEETFILICETZHER
Fig. 10 Explanation of C;(z) and Cglz)

4, 3 TEalL-—vaviCAULWEHEEER
BEOCHEM2SEIERLERT2EHIZE, Sty (EX@»S0.3nkE) TOEE C.
(DERDDIHEIEE, FO0OEHIZ, TTRBOE 2=a TOEE CLICHTIRICEZYD S

TeiT. BESGHROEEELY,
Her = (h—a) Cuy = JiCpdz = JiCpdz — [%Cedz (37)

LB, TIT, Crll RouseBBESHTHED, £2T

Mew = Coh{to/(1-t )} * o ((1-1)/0)"* dt
— Gahit /(1-t)Y 05 (1m0t de (38)

b, ZZIT, ix=w,/Buxxn), t=z/h B ta=a/h TH2. R(WB)O-H>DOWSEII,
0<ix < IDBEFATHETSHBIZFITS, 1957), ux=3.2nn/s, w, =0.46mm/sDEHEHEID &
Z;(:O-S.Z“&U; Maﬂbi{ﬁiﬂ:%,

Mop = Coh fta/(2 =1t )] *F(1424) T (1= 20)
—-(;_h{t,/(l—t.}}l*}?(l-z*, ~Zyx, 27 Zx; L) (29)

es, 22T, THOHWBH>BE, Fla, b, e 2)RBBTERTHL, 2 ral  RBESHE
BORE LY,

aCne = f‘ncsd2=[C-E=L/(kewo )}{I"exP(wna/E:;)] (40)

..30_




EROFRELRROFMRIR LD Iav—va >

TREND, ZIT, CREBERESHTHE, £, ke=C/C.THVexp{w,a/(B+v)ITERXD
na. N(33), REORTFRU)ERBHIRALTEE T H,

Mt/ (1=t ) * T (1=2) T (142x)(3Ca/ B 1)
~h{t/ (1=t )} *F(1—2ey —2x, 2= 2 t)(3Ca/ B 1)
+{8 v/(kew, )}[1 ~ exp{=w,a/{8 v)}}I(3C./dt)=P.—w,C./k. {41)

Ly, ZThzRTHz=aTORECHBHETEE C.(OIFAKRKDLIN DB, t=h.,. TOEBEDERBTE
Con(t)id, Calt)ZR(2DIZMALT, z=ha 2 TRZEIZEYFHEHS,

5 BEREANEALOBESHORE

ZIZTH, EWHLTWZEEOSKRIEOHEL2FAEROERLREIIRETHES, BER
FRORFEMELEZFAICE > TRETS., BHOED, BHAIBEMICELET, BELERT
ORTEBIEREREL, ERARELE poOHEN (KT - HE, 1988) 2 RATELTS.

Pax = A(T/Tcz)'i (for' T/Tc.z < 1) (42)

2T, tREmMEBAHGEA, A RU JEEAER L. EREE (K -/, 1985a)% &
W, Tz, (v, : BAME, o  BE)LALT2ZE, ERFETTORBR R AR 25,

dzex/dix = &, (de/2eo ) (n. /0 (T /0 T, )Pax
AIA(do/Ibn)('f.’1/7711)-1'{1'/’(0'- Tn)}J‘l(Tylfrn)-'j (43)

ZIZT, Zex=Zefleey x=(e 7,/ 7)1, XERKREE, tidsW, ATHNFOBRGYE, d
HRUELBORENE, 2., IBEEEKES, 2, FEREOKE, <. kAU r.dFhFhz =
Lo BT R, BV  OETHL., SRIEZEE C TRELZOREDHHEE C(z2)=Cuzs"
(ce, 0 BEBOTHLL, SHICERER(KE - HE)(1885a) X VELHEND 7, =kC, 2,
=k, C"(k., korw m, n: HREH) L25MEEACTBETHLE, dax/dtid

Cdzex/dte = MA(d /zel M T /(o T ) e Y (2T, < 1) (44)
CEEHHLNE, EHOHATORRE (KT - FE, 1985, b)h s, j=5, i=1/5 n=n=4¢k
+hiE, (i(in+n)+1)=28/5x%Y, ZThE6 rAEITNE, 2.OBMAELITERN LB,

Zex = (BA A /2o ) {z/e Tl (T/T4, €1) (45)

Clzo)=const. OBFHIIR, ERBRKAOETR (Taabb, EROBLEZ) A FHMEIZHEH
LTEMT2OILHAT, Ca)=c, " "0&d R BEELELINEHEICLR, Jnidt0l/8
RUKALTABIEL T3, £, BUBERATO Jz.4d, Clzy)=const. OHEEHIIE, <
lat,®B6RICEHTEDICHL, Clz)=cn'’® OBAILR /et lRHATZIZIIRY,
TOHIMIZHED Jz DEMIE Clzo)=const. OBHFICHARTHRYNSRBIILEDEIDS.
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UREDBERT, EWHBLEEROESKEOCHBERLY, ERCBEELESIIASABERRET
ZENBELMI Rk, HHOEGC kT, BLRERET AR, SKIEOHBESMELE
ERLEBRASALELRZ2LEZA50 5,

6 EEOBELIZB¥+BYZalL -3

IHhETILBLSAEARR2EI, BrgRABRESEANEL L TEROERLEHDY T 2
L—YariiFok, RHTH, TOFEERUVKEREIIDVWTRAS, YIalb-vsrvildnT
i, BEOSMEDEALLLTER, EX0.0TOBELRVREREOEFLE (BEE) OBHEZE
feHReLTH/ESILT2E0THD, EFIab-YayOEEHAFIEI>VWTHE L,
HEMRECAEHEARR DR EARAY2BLTYIaV-vavoRS o TRETS. =
ITRE-—TEOHECHRMNELORvERRTEREL £,

8.1 YZal—YavnEHE

YIialb—-vavildEoT, ERBAOERKLOBES A2 ABAETRABR I ..PE
EOHE 2, 20T, OREFAELEERICANE, LERABILAERETZRANLS
P, FHESEZRCEoTROLONIEESHEREZFHR L LTEAR, BEPRLESORRH
FEIT 0LSMBTHELEAN, EWRFEH . ORI ST2Ii82E, BARAFIELRD &
BUTH B,
CEELOMEFFAOERF -4 2EHLT, ERBEEZRIOLDILSIL, SEETCOEK
ELXMESTS 2, BTt . OFR2E5XS (R - AW, 19852), 4d, 1M3EILIVIEEZITOE
EODHHERETHE, SKLEORELHFIEHEHLFES S h i d T(0tsubo & Huraoka,1988),
B3O AUt . SHEEHICEGR LTS,

= 3 YIiavb-YaYICACEEROMESERBREACHE DA

Table 3 Distribution of 7., and #n., in vertical direction used in the simulation

Zy C W ny Te:

(am) (kg/t) (%) [(Pa.s] (K/m"]
0.0 - 0.5 0.124 760 0.05 0.07
0.5 - 1.0 0.187 680 0.08 .11

1.0 - 2.5 0.151 620 0.12 0.13

2.5 - 5.0 0.158 580 0.17 0.21
5.0 -10.0 0.172 540 0.23 0.26
10.0 ~20.0 0.183 500 G.28 ¢.32
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CEHFHRABLTOFETEALZ. AHLLTOBREIFII(3) D L2304 7 L& 1H
THEAZ, 300MOEHREE LTORBLEUEHT.E, 2nFnRMMECRGIASHET 3.
SSENOEREREROREEYL, BELAZEFOMBICHAETANIYVILESBLT, §8ED
R o ABT. e, LEUT.2EHMEL, FHAEEN kU o THEEASAROMBER
ELTSHZTLIcEAS (FIL(b), (c)),

FHBE LTS T2EYRHEAT.EI.IILBREFIETCRD D, FIL, EROERIT
AEANETHZ2O0T, TOBERT.IOMGKLT, 1 (URI1SZLIIRBER (EHE: 7.,
EEREH : o, EHZHAE) 2LTEAL (HIId)BH),

@EALNE T (VOBERILATEARR Nt (DEHEE. 2) Ooff:, BEORTY
LEOHER(KRIT - #H, 1986)THER (46) ILRALT, 1PHIL2ORCHBLE Pa(1)%
HET 3,

bex = (he/hs)( 5,/ 2 )Pal (5 0d,))
(aa/’a:)po[l + 6n¢(ye)/‘pn - th/"») (46)

i

ZIZT, A, MRFOBWKERT, F0LEN, 7/, m/6; p., L=RUHTHRFOBERY
KE ;e =1, 3,=0.75 P, =127 . R2HE,; S, =1 ODEHHEH (=0.5) ;¢ (y.)=8BEH
Hive=(te-t)fo,; T=1DFEHEF: 0, =t OEERETH D,

GP () DI0HAEHE Par ROT, ZOP.OBEMARXARORUNEH W T2z=aTOEE
COMMEH RS I LICHET S (H1i(e), (1)BH),

EHUMSETOEE C.. il C.OEE2R2DEPREVWTIHETS, EROCEBLE .k, K ILEH
LTnSENEREEVOERENFO2Z2E ILEHEL, RERTHEERHMILTHE TS,

t,= (M./o)(1 + w/100) (47)

IOR, ERER v = 300%TC—BELE, 22T, cREENTFOEOBETHS.

6.2 YZal-YarvBROER

Mg LR ERK T, KiEen, WE 2.28THBHEEIZC.46/sTHE. WATOHES T
BEELL 10T =1.2, » =04k ux=3.2mm/s& L TO.3& LK, K&E2.5n, BRSO
MEBEREE,»S0.3nLETHD, £, BEEH U, T.EF . LT LY HUOEIHITEH
BICHH LN, ag=0.025 o;=0.025kVWe.=0.52LE, HI2ZELBEDERETIT>2EE
{(z=0.3n) RUZBLIEOREEHOYIAV-—YIVEETHZ. ARKCERAR, BE, §E
OEMENT -2 MHrLE, (AMNIBIMEIIACHEAMSLILALISH, (B)AF1084 1 A4ARS
lAZSHETOMETH S, BEL DV TENELHFEERESETZ L, BN 10n/s2@T &
HEMITLT220mg/(2HBA W EE RS, ZWEILTLEEIR 2o, ZOFRAR
BEICHZrEBZONS, BENION/sEHATHEEN 10~20mg//BELHMALERL T ARNVE
MF—-HOEE, BAEAEN~IELR>Tnd, I~NEQBRAOERR, SfllaFs-varyOuE DM
BT, WEFHI20MBELE N, ILICHNATF -Yay0 NEFMIZ, M40 CREDER
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Ca=Cp+Cyp 4§ i
Ca Cb : background concentration T
di— . ) Cip

’-—SOmlns—-

B 1l ZYRRHAOKRINE25A2FEOBHAN

Fig, 11 Explanation of simulation procedure

BERAD I MRS THREEINTEY, ZHICLDIBEEDEMNARE ., Lo, N~NE
FAOEOGERES In/sEBATH, BVEEIEEELN LY EBEHEZA OIS, ZOEE
ERMATST -2 LT, N~NEFMLUADEIF0n/sF B THESCIE1I00g/] 0 HIFEHED
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Results by the Field Observation
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o0-2 HBEHOBICSTIEREVHOHE

Dynamics of Particulate Matter near the Mouth of the Infiuent River

EERE - ARSI - BEHEE- - A R
Takehiko FUKUSHIMA', Morihiro AIZAKI', Senichi EBISE' and Akira OTSUK:!®

B B
WEBEAFENEOZOEREEBETESAITZZIo2ENELT, BrHyg
BARMSIIGEDHE DL LEAAEETERIToE, MEDDYOLE, HE
MABEOTAEIELT LRI, FALAZ LERASETOTEOHHIZIE
FHRALTELLE, BEBEIA AL AT, FeSE TIRO%ULEOTOFRFOHIC
rSswdanadZledbhok, EREAMOHHELFHEE»S, Tix o0 7 4
LEBEEHWTLIHT, EHRENAREEYD, BLHEEBDO=ZRoETLEERL,
FNANEEDHEEOEL, VYERIFHTIEOTHDIIEERLE, -, B
WHHEOANS OrOEDORER, MROAE, LtE2WERIEITZIHELEEL
THwadZ¢, BEDHBR I ERERICIFEELREEISZ I b o, BRI,
FEHEFDPRROAMEROBTVER I, 25000 NSy THREE®RET
ZZENS, hRUVOHFBATONEIERESh2 2L ETFLE,

Abstract

To understand the dynamic changes in water gualities near the mouth of
influent rivers, some water qualities, and metals and nutrients composi-
tions of particulate matter and sediment were measured in Takahamairi Bay
in Lake Kasumigaura, Near the mouth those compositions changed seriously
and inside of the lake most of those compositions varied longitudinally in
proportion to the log of the volume up to reaching each point. More than
50% of some substances such as Fe, Ti were trapped in the region near
the mouth of influent rivers. In the influent rivers, high correlation
coefficients among Ti, POC, PON, PP concentrations of particulate matter
were found. Inside of the lake, similar relations were observed except
for PP. Three components model {(comprised of soil particles, alloch-
thonous organic matter, and avtochthoncus matter) on the basis of Ti
content and chlorophyll-a content were successfully applied to the
explanation on those compositions. The variations of some compositions
could be also accounted for by meteorclogical, hydraulic, chemical

1. ExaEfem KRELEREST T305 KERE-S>QEFHNFIIBEL
Water and Soil Envirvonment Division, the National Institute for Environmental
Studies, 16-2 Onogawa, Tsukuba, Ibaraki 302, Japan.

2. EAAEHIZA KNS T30 FEHBROIEWH/OAFINIEES
Chemistry and Physics Division, the National Institute Environmental Studies, 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan.
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REBRES

conditions of the lake. In the case of POC, PON, Ti, Mn, chlorophyll-a
etc., the compositions of sediment which have little change with time
were closely associated with and could be a useful tool for the estimation
of those averages of particulate matter in the water just above the
sediment. In the watershed where non-point sources dominate, the mainte-
nance and the strengthening of the trapping capacity near the mouth of
influent rivers would be effective for the reductien of nutrient loads.

1 @Fusic

FNEHBEOBGHTH2WOKRAELVE<HE, L%, LHUBREFALTIETDH
U, KEOZEBE, BEOELFABL G, B2, ANEANEOBELE (HE) ~OBHEOEA
ALRBE, TIBEBEEDE (BB ONBSIILHEN BURBROMLVWEAARELGOL
BIELV o EBEKT T4 LA OBV EFLTVWS, 25 LAl s BENCAE T2 HHE &
LTHAZEOS V-t S/ RiEzh, FRESRFORROBEVWERBIIBIZRAAFRYH
ORBEHE LTEESATHD, %K, ATOSY -, BIEBHCEHLTRSLOWEALS
A (George, 1980) , WREAIAY, EWEHI HL Y, FLESHELERO—BERKTS
HOAT, IOLERESEEAOSICEATAZEARLY, £, REEHOBLE, #HE
KRERZOKE, KCEEEOYEBES, ORI B REEH 2 EEHTARIIIMES
W&, BERNBELRZIENEINTHoE, AHRETR, ZH5LETOKICET 2 EHBELH
BEREHOAMIL, £ 2N MR, RETL2HWORTREEM LT, SrEBBEARERNTH
S RHEHANERZLEI, RUBEDORNES - HBIIBLTERBLARR2EET 2.

2 DHBRAE, 2WFE BCORERROERE

2.1 HEMNRAS

HIICEEASARFE L VAR BREABES AR, EEHENSE2RT. ZOKREIDEDHE
JNIZMALTWED, BRBERE, WO S LREA4nid#EAKCOBEB R TITEKE L2
Td, BEINIHEERELLLIk (RON2R3KR) COHEBERITSH Y, FAREEWTHE
EREMNDORON (54.4kn*) EEHER/LTV D, WE (12.4k0") BFARHEFTOS VO HHH
WINTHENOCEREICHALTWS, H1IFOFNTOELATRIN Y I A -4 -0OBEBILE
Hiew, BARSEOQEIZZOnEE, FHMHLKREE St.R-1~R-4T 1 ~2m, $t.1,2T1.5~ 2,
$t.3,4,5 TZ.8~3.5m, St.6 T4m, St.7 T6nTHB.

2. 2 HHHASE

SEOHFE T, St.E-1~R-4, St. 1 ~4, RUBEN, RO, LWENOZF/N o4 H11#
HicBwnT, 1AH2EHOHETHEKL (£24@, 1985F 3 F~19884# 5 A), 2.3 ¥ oM
o R RO E RS, HECHKEY RSy 7ERCTHBREAE LAY, FONEIR
#% 4 (Fukushiman, 1888),
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St.5
St.6

St.7

St.River Sanno

StR-1 Lake

StRiver Amano  StR-4 Kasumigaura

.
St4
0 1 2 km) Takahamairi Bay

B 1 REASEKBECBENS

Fig. 1 Inner part of Takahamairi Bay, Lake Kasumigaura, and sampling points

2. 3 SHFHZE

RICEE, sHEBEoWfEt s, BEBEEP, HWEBEILBL TET. PP, PCOD
FBUMN-INVIPSEFBEELIWTRDE, EE, URPOSMNFERBEST)ICRLE
EBUYTHD,

= 1 AlEHBEEHERE
Table 1 Measured item and analytical method

MHAE (Field observation) KiE (w.r.), BEEME (E.C.), R (discharge)

B (Total) £ER (O, £y 2 (TP)*, COD**
% NH,-N*' ,NO, -N*' ,NO, -N*' | £ @ # B (DTN PO, -P*,
K (Filtrate) L EERY > (DP)*,DOCY’ ,D-COD** ,D-Na** ,D-K**,
Sample D-Ng"*,D-Ca™* ,D-5i%*
< of ) 74 A — Glass 88,42 01 7 4 Jba (Chla)** ,POC*® ,PON*®
Water (Filter)Pelycarbonate SS,P-¥a*’,P-K*' ,P-Mg*" ,P-Ca*" ,P-Ti*" ,P-A1*" ,P-Fe*",
P-Mn*’

*1: Autoanalyser (Techieon) ,*2:Acid,KMn0,,%3:T0C meter (Oceanography)
*4: ICP (Jarrel-4ish Atomcomp),*5:SCOR/UNESCO,*6:CHN-corder (Yanagimoto),
¥7 . ICP after digestion by HNO, and HF, D:Dissolved, P:Partticulate.
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2. 4 BEOBEEROER

SLAETOARESHE L LAESHE, VYERZEHES (1881) L XUBEShTnD, SR
HEELTEBROES, HAATRIIBFEB208y™, BEEAy, HHBEREFEE LTSS
o, BEBE LTI AsY, BREORL  AZOKBLEMEATVEEEASNE
(FARTDI2%)., V> CREHIZ10.3, 17.4, 2.1, 114y " &y, BUELCHARTDII%
AEEEha3ZeFFREanE,

TE BRILIVATHARTODEFYICHEL TEIFEBES(1985), 85 5(1986a) 2 X DR
ERHD, wThoHELD, BEHBILIBEROAFMNAE T LY, BAAKFALEBEEY
BOARBDEBHEERBDLWNIZHEBLTLUED ZEARENT WD, EEE, Ao O0BESE
KPABUEENETELETEHR T 22240, BRECEATZHEEDIINAEERIYD
EO2REEBEREILTVWED, FEOBIIBYTL2GEDEEENOREREETHS.

3 BREER

3.1 MEHERARUKEORTAAEEL

H2REEDEOREPTESEONE TR E AR TR THAIIYDEIIEL T 20 %
RLELOTHD. MENERELAHICOEE (TEKBTHREITLHNFEESRHLZ 22, A
A0 (0" YO F#92 4dD MBS E 25, ) &L, £5S8S, D-Na OF{EFLTHS. B3
(Cikkeg D TN, DIK, TP, DP, P-Ti, P-FeBEBII D WIHELTHEOR FTHFAEML2ZRYT., ¥
LU FRERD o ERRER GO T2 BN A2 E LD 2UTOLIICRS,

(1) POC, POK, Chl-a, Mn& &, PCOD/SSHGH T & 2 £ICHMUL, Ti, Fe, ALERIETT 5.
RLZIOELREFEXRZLEAEOBTARELS, HATRESEOHKBIZBERALEER 2
Tha, ¥, ZTOHEEHREBETLESNL S,

(2) PPEERUENEABOSLR-2E Y FHMNTHTAMICBLI LTINS,

(3) SSIFHABEDSL.R-4H H51.R-3, SL.E-2ABSL.R-1BODHASAESH SR, BHAICA
DERBICHEMTE. Chl-a BB ELI»CBATHD ISV 7 VY ORRARR TS 3.

(4) Fa, K, ¥g, CaBR BRBAHEAFRSAZEDDFOELE P R0,

(5) D-Na, D-E, D-Mg, D-Ca BEREMEEAR oA, P-NaS0BELVEEMNIIAE N E
BEZLTH207T, BEEOENA:BEBEOHLAMOKLEDEARAFIASOEFEDH
OEREZHEREL TS,

(6) NH,~K, NO,-N, D-SIH F L L LIIML T I, FHIINE-N, NO,-NTIHEHO, D-SiltHr
AENERTZ2BHETOELHIHEL W, PO-P BEABICHERBEATE ., EHUATRECHE
HMARShEAH, EHEITHAT PL-POEBHTEVWY -I7AELAEESH IS LEERFES
niE, ZTOEREEE SOSBE (RS, 1884), #7527 b2 O588E (S5, 1985)
LEZILATS, DOC, DCODIITARE L HNBWATEHEL, DONOZELITEBT A0,

(7) TN, TPRBMATETHEFRIZE LTS, PONOINC SO B3I E&E, £ e LT, 8/,
HRHET 3 ~15%, WA TAO~50% LM T 5, 2=, PPOTPICEHSE S, @), TARET
30~50%, MATHHNWETH S,
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B 2 BEHYTOEELE, REEESOATHFHEL
Fig. 2 Longitudinal changes in some metal and nutrient compesitions of

particulate matter

(8) 1981 7 F~198242 6 FiC 1 Al @ X I 2@ OEET, St.1~7, St.R-1, R-3MIH O A
THRARUVEREREZTY, BEDRUERRE (H5m) OHKSTHETo2 (BEH, 1984),
IORRICENE, St.5,6,TEHTFTBHICHEL, POC, POR, Chl-a OB TOEREHENTS
HEOREISTA~AROEME L AR Y NE N,

(9) FREBRTORTHFAELAIBTHN (BHS, 1886b), MEHHENR, KEOCHEHHAEL
BEHTRENWZ DAL T3, Chl-a, S5, TN SO KETRHTFTICHWESFRMNET T
ZZLARETHD (5, 1984),

BlEds, AO0KTRKEOED, BENELABLLWEFXory, MABEIFNENE
EOBABMELIREETRYELBEALETIZETHLZ L NA L&D, HZ o HEBENSR
E<ELTHEORSLIBEEITTENNLRZHE TCVAFIOHERE L 25, ISV 7 by
DHMERIF0.1~1d") DHEBIIHDZ LAFS N AR, 1984), AL RBEAEROEY
DL ~IMFICLED. TEADBITBMOEOILLELTR, 20O REPRECREREN
HHLEAONE., LIL, BTHFAEL2E LS ERIIAMICEAGEROUREESE, 2RO
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KESZ, MEOBRESAZIETOL, I 2T RTEBRLETTLREL L,

FILE3 EHILL T, ZHAFN S OHEBEEHGEEYBEFELEET DL TN 3.5Tng/l, TP
C.150mg//, P-Ti 0.121ng//, P-Fe 1.75ng/l &7 =, TNT34%, P-Ti, P-FeTE8% D E MM
StAFTICHALLTLEL, AOBICEEEIA ZL0EEEALAS. FTREELAYRLARS
NBNnF, ThBAFE LT AZLH A2 50 5MME, #3 (1978~1980EHE M X TIRTPT
22%, TNTI13% EH8E) 25BLThWAVLEDTHS, b, 2.4I8E K DIC1978-19804
DHERETE, PTHIU%DIONRSLAETORGELERINDZ ZLHPHEEINLT NS, &
TPOEMEA T Ao FHEICIE (BN, BEATE2ZRELITE) , UENHLOTPRABRENRK
AL THBOI (1878~198C4 0.58mg//, (HEEH, 1981), S @ 0.39g//) EHOMKEZE L
FAEOELFAEOALWZILAEITOND, BECERILEEEEN, HENEZINA TS
_FIEETE%;%U, SROEBIEENS,

P-Fe P-Ti TP TN
DP DIN  img/1)
-343.04

1.5 91570
“\\ ™
1.09.1070.27 2.07 \\\\\\‘\\
L .
—— e
. - T
-~ — p-fe
-
- -
o \\ .
0.59.0540.19 1. \\_‘D p-Ti
ﬂ T~ DIN
., A ————ap
St.R-1 st.1 $t.2  §t.3 st.q
o.oJ .oedo.0d 0.0 . | , .

3

Yolume (m "~ )

B 3 SESE XERBEORTHEEL
Fig. 3 Longitudinal changes in metal and nutrient concentrations

in the lake water
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3. 2

ERET DL,

BEIZHONBCERREICOHE
mil, EARE, BRICSTT, BEDHEBREOHMEBESRERE L (B85, 1987),

BER D 5107 2 BRSO #E

TR

(1) PCC, PON, PCODEBRERIFEIIEOEWHEEEFLTWT, Ti, AL, Fe2 Bl A & &

OHMMEFEE 25,

(2) @, FHARETIEPP, BATRCh-aERAPICE L EQOHEER2E T3, #i0, PPRIBRH T,
Chl-ald# )N, HARETPUCEL EELHBHAGIA SN A,

(3) BT O L HMIIEL, D-NaBESIPCEOENHEELNT S,

BEofleLT, B4 NNICHITSTIERE PON, PPER Y OMFER, B 510138 KE,
MAILBY2ZEhhoDEEBERT., 405, UENTTIEEAE AL 2595 0O 22
EAREn, ZOZRENESEFAOREBLEBYOAEKENFEELT WA EEASHZ N, WEN,

FOMTRTIZERZOBECRHENRRVWOTHETE 2N,

=,

i, 5nWTHhoRHILENTH,

FOK,

PPERA YO L 2BTIERRE~6ng/el o TWd, B2ILEFVILVL, Rt, EHE0ORBRE
HEEZZEHTHRTH, TIFBEI VLS, 1, LET ong/gdith & PON, PPERDFOILEAS
EEOTERILEY., FMARIRTFSOERG LI OHOEZILEBDEDESED SHIIIREY
H@POK, PPHBAFRE > TnHIEERL TS,

= 2 ETEHHEMEK
Table 2 Reported values for the compositions of some elements
in various substances
(mg/g)
S$ilt  Clay Soil  Bacteria Harine Aoko Nicroeystis Shea[l.l
phytoplankton —/——— Materials
Al 70 100 71 0.21 0.04~0Q,44 0.14
o 20 540 225 377
Ca 37 36 15 3.1 6.1 5.3 1.2 23.3
Fe 29 31 40 0.17 0.22~1.5 0.36 0.8 8.5
K 18 21 15 115 13 6.8 5.8 7.8
Mg 20 22 5 7 14 2.8 2.3 3.7
Mn 1 0.26 ~0.12 0.1 0.8
N 2 98 63~110 94
Na 9.8 8.7 5 4.8 [ G.B 0.9 17.9
P 0.8 30 4~18 7.3
Si 286 224 330 0.18 6~210
Ti 5.1 5.3 5 0.03~0.94
Com. 5~50um 1~5¢m i o Nicrocystis
\-—.‘(__/
& Ref. Mivake(1972) Bowen{1979) Takamura »(1981) Amamiva(1984)
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& O R. Koise (a)

4 R. Sanno {b)
o R. Amano (¢}

a: y = 0.55x + 3.19
& b: y = -1.22x + 6.07
c:y = -0.47x + 3.10

[

PON / §S
e

P-Ti /S5 {mg/g)

401) TNAhBEDCTIEELPINSELDBR
Fig. 4(1) Relationship between Ti content and PON content of particulate

matter in influent rivers

a © k. Kkoise (a)

. Sanno (b}

™
3
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. Amana (c)

10 4 = -2.76x 1 14.5
= -2.92x + 16.0
= -1.95 + 12,2
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-
e
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¢ 4
@
2
g4
Z
o — T T T T 1
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Fig. 4(2) Relationship between Ti content and PP content of particulate
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CERERBZELEO0, TIEBFAEL > TLEREEMOFMPRSA T, F2 DlokoBDHY 7
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DEFAckoFDEBICHEATH2VEY, J, FRKETEANICEAEBEDHOChl-a B
B, ~REEFUAORBEEOEBHOLENTE L, BHil, 2BE TN/ FUFHIT2
ERFEAERELT, WHNTIIMREENLI A -F -2l S HES, 198), Yo
FHCELIZN, NIFUTTREBZ2ELRLNAZIDUDIARUBWIPEENEEELTNT, 2
DEIRBEZOT LA MPARENZENFN IR TR ERWATINEREHOPPSEERELILTNDS
DTRZ2DPLEILNDS,

BREozZehsd, OBIEI2RERNEEEZA28E LR, LHFSORAREY., 24
CEBROCEBAREY (FRAREREY, ZITIESHEHCHBELESD, NIFUTHE
AEHLEZASNZ), HEPISCI M S0RATEEINEREY (AEHBEY 0=%
AU THERETBLENELS, TIRIRFS, Ol AN BEDNOARIZSEh20T, Ti,
Chl-a, SSOMKERUEUFTOEDIII s,
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Fig. 5(1) Relationship between Ti content and PON content of particulate

matter in the backwater
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Fig. 5(2) Relationship between Ti content and PP content of particulate

matter in the backwater region and in the lake

Coo=5S.010+58 a0 +58uuns ' (1)
Cos= ey 58,01 ’ . (2)
Cebena™ @ cnts SSaute (3)

2202, Casy Cedy ConnaidREDSS, P-Ti, Ch-lai®® (ng//), SS.ci2e, SSeenesr SSuuee FF
hEhAEoLETF, FHREARBED, FLEEBREHOBE g/l) ., a1, e ZELF
htmrdoTieR (g/g), SEHBEYDIDChl-aZ3&E(2/2) THD, H4,5%5 B8 e
$0.0055, @ .nea20.0062 LT, EWMENATVAC,., Cosy Conea®SEIZSS.00e, SSienas
SSuu FHELE, RILREHALBIZEEETLOSSORHMEERT, £, BIIZEA
ODHBHFEBEL 2SPPILBELTHRERDERNMSCEOEERZTHL .

Cpp=ﬁ=ﬂil Sssoit+3.£l.n SS.!.!.n+Blutn Ssautn (4)

T, Cep Ak DPPRE (ne/{), Bavies Batrer Bawea WENRETNEHFE I D PPE
B (g/g) THB, #2, M4, SEFOMEBZFLILTB..4020.00], Barea®0.014, Baues
20,0068 LTC, 2FHLAE. ZOTHEHME, ERNTHEERILFLTHS. FTRHELED
ERIEHE (T3) oaHL6T, BREEBILICLTATFLR-HEARLH, BRIIBII2PPEED
B BHICRETHZ LMD (BB, 1887), LEOBREDASTOSEEIRIBHUTHZ L
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% 3 ZESEFALNSHEINE FRTF (55.04e). FHEARBEY (SSiv..), HEH
SR (SSiu.) BE, THRUSENZHEZPPEE, PPEEICYSDZ2Z2ROOTES
Table 3 Predicted concentraticn of particulate matter comprised of soil particles
(S5..4+), allochthonous crganic matter (SS.ss.), and autochthous matter
{8S.uxo), respectively. And, predicted and observed concentrations
of particulate phosphorus, and predicted proportions of above three

components in particulate phosphorus concentration, using Eq.(1)-(4).

St.3 St.l St.R-1 R.Sanno R.Keise R.Amaro

S5.010 (mg/i) 9.8 12.5 12,7 24,2 16.1 12.5
SSeee. (mg/f) 2,2 1.3 2.1 8.5 4.6 2.0
SSuuso (mg/i) 19,9 17.1 2.2 2.1 1.1 1.5

PP-Predicted (mg/{) 0.140 0.119 0.052 0.154 0.087 0.048
PP-Observed ({(mg//} ©.118 0.123 0.066 0.127 0.038 0.053
DP-Observed <{mg//) 0.040 0.039 0.035 0.280 0.048 0,080

PP-58, .4 (%) 7 11 24 18 19 26
PP-8S,4e. (%) 22 16 55 77 74 58
PP-SSuu:a (%) 71 72 21 7 6 16

WA ED., BIKEIAME, SS.c5es SSeere TR TICHVWEAD L, S HBEHICAN TEEL
T3 (ANBiEEdChl-a BENTEEEAEAEEEILIZ2L0OAEEHELBIILNDHZ
TTESHEIEERBERIZEHE), £, PP BEEHE DI EICRNE, @/IITSS i ®, #
AT DEHGDILERSFBNZ EHNDAS.

Cowen & Lee (1976) I#HHHAIACEWEICHET2HEYICH L, ACPHE, SHEEHR,. @Y
B EGHETHF, HMETELRLORVUTTHZIEE2H/ELTVS, LAL, ¥ 7N
OPPERIFEL, LR AREEATVAE SS,anlCBE2TS, 2.4 LBRAEHHERIIC &
niE, ZOREHPSERTZ22VY (ZOANBEHBOLORAEREAAABZZLHDTNDO
T) ARATOREBYDTREI AR VWOT, BEBV D ORN—BXSBSIhBERE Y
BHICHEZIATWE L ZEALSNE., TRIFIEKXKOCUYITRBE A2, Coven & Lee HR T £ D
CHAETERZLEOOI AL nES, TLLTREBEARBENHASOBEBVCOERR
HAREVWEOEERZNS, B, RAAHCHROESMSERAE, ZOEFICHTIAHEN
BEELOAKD,

3. 3 ERPURLPSRLAOSOKEEE

BEBCTANEEYRTCZTOAOLEISORZOFTENENT S, BROREYTOTIE
B2l FORERHEAL, H6CRFEEAMS OMOBMKR (FE - AR & St.1~
LB AREYPOTISETPHBELOBEGERERT. MOHUACAHS3, 8, 10, HHOBKE
COMBEREN, NOHEOLOLELHREAAEARSA:. M6kY, BRAKEOHENE &
PRTISETPHEAENTIEAFARARN, BRI > THREDRER RS R TEZ LN
hh 3. SLAETOARIZE.EX10°0, HHEEMO &5 134230ke", EHEREFRLT.0% (KK
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WEZE, ExBEHZEA, 1880) 2 ¥Thid, SLAZTORABTHEERERKTCHES LSRR
HAIGmE FRE2AZHN, HETRHRIORECOERET MNEBENERAMIIHEINTHD. &
B, 19854E 7 A4 BAKEOLYIZEVWTIZENRShEDR, ZO& = Chl-aA500ks//,
SSHEOmg/l LA L X S v EBHOABENELEREDTH S,
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Fig. 6 Relationship between the amount of precipitation for the 5 days before the

sampling time and mean Ti conecentration in the inner part of Takahamairi Bay

WL, BEEBLEBE:BBEDHMREOBHEERE L, @70E St.R-1,1,3 TOBEHFTTL
SRy D-NaBELOBEGEERYT. BERHECRT/NRO D-NBEEEL, BEHHOTIER
AT L GEES, 19862), WL FMOKIE D-Na EEHNEL, TIEEFENWI LARE
LTwna, 3HAPHETLE, BFTHICHEVWE—O D-Na BEIIHNT2TISRBOESNIEL
BREEAARESNZ, D-NekFNAKEBELZOAKLDESEELRTHELERDZ L, D&
EHEBOKBTERTTAHICREY, BEEOAERV IR TORBIK Lo TEEYEASELT S
TEAhNB, IZOXSUBEERTHD, BALANKATEEZOS2HEOEE, KTOME
WAE2TFH I5—2o0igEL 2UBZZLE2RT.

BB, ROAR AT rEBE RN TRAS, H8IESL.3IH 1 2 HEy S
@ONn, TigH, EU St.R-ITOMEEOREELERT. St.37 Titine OHEIFEL, hd
Bix5, 6A, 10, 1AFKE-7EELTVS, StL.E-ITONMBEBERBAILETFEVA, 0
it log/eBELEE—ETHY, RAANGROBEDTIOEREC I ASZ 2 FbAD.
FOMALSL.ITOMEREILE, FBEEYETOETRELEAPLYEL, Z0Es, IOHEKERE
BAME 227, MZEREBTRELINEFELTZIZLAMENATHS (@45, 1984),
TOREERE, ERFTHRBOBEALBICRERBALTCNS. 4, 5F, 9, W0ARWH SISy bD
HAENBEOE - ThbDHES (Fukushinas, 1988), ZOBHERCHEIWNENEE Ul
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HL, KA THBFEEZESORAL I THIEEIABURESTICRYAEL, EREEDT
CUnEBRFENMLELOEBALNE, 20D, MEBEIABIIET 2B EAKBORKER
BLTWBEEAED,

3. 4 BEMHACIERERZOMBR

19818 7T A ~1982HR 6 ALl F I EX R 2 EOHETT-BESECEE (00— Son) OM
BafigErRLl, GE0BGREEET., EHHAORTAEE(L 2 2 H2 0%EDH
HEBRICAHEAETOREONBICBEEALIELLTNWEESS, 1887). Z0RD, &
EMEETHE: FEDERESEE OBEFERZOFEITH S, POC, PON, Chl-a, Mn TidiE
BRATBIERILLALETOENIFE>TVRZEF022, BEOFVWIREREETOS
B, BEDRNTORBEESZ (H3RKIOERHILE) SFABEBLTWE2EDEE2LB03
(BSH%, 1987),

WIL, ITERESFOTIERFENTLLERPOFTLDHAMNT2EAVNE LA 2N, T
OEGEBETERY., ZORBLLTRUETFTRLERZ I RETHBSO LN FARHOEE L
EALNhD, HIOKIIWESO AL/TILLLSSEEOBEGRERL, EEHPOEERLTIHB, &2
DHAUTIRE Y LR T13.8 , BETIS.80 &S ICRENNE VWBRREL LB ZEFDI o TW
20, HIOREEENLE LDILEBEL Y, BREIFE LEEVORNENARELI LB ILD,SE
ATI AP T 2Ema2RLEL0OLEALGKE,. ZORTERELZOR, BEREFOA/TIK
REEEBROLOIIHBLTNZZILT, tHFSHPERICEEIORECARWH TSR L
FoHoard, ZZTRUEIIALEERECIEENSIIAATOIREROHB AT oAl d
T BIIEBERLTVARLOEBILNG,

BHI, PPCHEHL2EGSABoARMEDN, Zhil 32T L XY EEB TR, B
EARBEY, EENMBEDPTEIATARLRIMEEEEL, FNSOEGERHIBEDLER L
TRERZ-2TWAIZE, LZ2HUERELROEE2ZTERERAIEKTo2Y VEERGRISH L Z
(ARG, 198]) ARELBALSNG, Lk, BERAKOBHNELMINENWIEEZETH
2 (EES, 1887), A—DBAFENOHEEETZEITHERE, #KIZBwTid, POC, PORETIE,
MEBYHXERETORICEREBOHENED LT AR, £, WOKOBEOREIISE
TH, WTHFADERERELORFABEELEHELI LT LOLBALNE.

4 HFhHOIC
KEZLOBLWEOSEXNSIZ, BEDER, ERMEORTAEEL BEDASLEE
BUrosHE, FEMEDEX CEORONE, LF, £HNORRRITERERLOBEERT
. ZOHRE, THELIBYRERODENE, BTEDNEOTRY, SEAELIIBLTE
EhfBEemEr.
MRHETEEATEZHEDOARYOESE NSy T THHMESNFEL Lo 2N, 20 aKE
b ks, BEZNDIFELLTREDEDRLOFDHETHEH>D., AE (1983) GEE
HEZIIEETDIRNEENRITHEL, Bk KREBESE2RL, RENIIES, EER{TH>NE
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BT XERATHREE BUTE (R-117-88)
Res. Rep. Natl, Inst. Environ. Stud., Jpn.. No.117, 1988.

0-3 HEEHPOREE -E2E - tEHEOAHENY
On the Vertical and Longitudinal Changes in Nutrients, Metals

and Chemicals in Lake Sediments

EHFH_ - EEBEER
Koji AMANO' and Takehiko FURUSHIMA®

B B

EEF-4i1lid, RELbE>TKRERFEOEZERMSLEERERELT D
EVDHEREFAH DS, ARMATE, HEOCERET - IV AACREARHLHE T
ZILEEMELT, REGTOREGEHVHEHOEEN 2 TR 20 THER &247
ok, BEA2EDOEL, FHOEFTUAICOHBBILBVWTERAE»REL, £8E
(POC, PON, FP) , & (Ti, Mn, Fe, In, Cu) RUE A > REEEHE (LAS)
CEEFORESHERESHFILONTEZRELE, HESHEIOILERO = HR
B, BLEARE, ZLIRRAHFEAREOEBL DLW IDORE#HARLAE, &
B, TOEASEMOIATTORTHFACOKESHLSR, REEEATOELD
BEDOEREVKREREOEYHLEERML TSI L Feh ok,

Abstract
Most natural and anthropogenic activities in a lake and its drainage

area will, directly and indirectly, leave an imprint in sediments. Lake
sediments have often been examined as a bank of environmental information.
In order to extract such environmental information about water and
watershed, the vertical and longitudinal distributions in the lake
sediments were investigated. The aim of the presented study is to
propose a key for opening the bank of environmental information and te
explain the interaction between sediments and lake environments. The
concentrations of several substances {nutrient, metal, chemical) in the
sediment were determined at fifty sampling sites in sixteen shallow lakes

in Japan. Analyzing the vertical profiles of the particle size, POC, PON,
PP,some metals (Ti,Mn,Fe,Zn,Cu) and L4S, many kinds of sediment properties,
such as the sedimentary condition and the redox conditions, were explained,
and the traces of the historical changes in the water and watershed were
confirmed in the sediment. The longitudinal changes in thesediment between

the mouth of river and the deepest point of the lake wereclearly observed,

and it was expected that these changes would express one of the estuarine
characteristics by reflecting the spatial variation in the average
composition of the particulate matter and in the average waterquality.

1. B FWRREHR KELEREHS T300 mEE->SEHNFII6E2
Water and Soil Environmental Division, the National Institute for Envirenmental
Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.
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Table | The characteristics data regarding the sixteen study lakes

*
In Lake Xasumigaura, three bays were individually surveyed. The code
names of these are as follows, Takahamairi Bay : TK, Onogawairi Bay: OX,

Tsuchiurairi Bay : TS. The mark “-" means no data of item for the
region.
The Name of kater Mean Res%dence Watershed Popula?ion COb TN TP
Lake code  Area Depth Time Area Devstty . eell ne/l nafl
km® o year ke* capita/kn

L. IMBANUNA 18 11.56 1.7 0.048 503.1 990 10,0 2.5 0.19
L.TEGANUNA TG 6.50 0.9 0,047 156.8 2193 20,4 6.5 0.71
L.KASUMIGAURA* 171.00 3.8 0.666 1448.0 402 9.8 1.5 0.09
L.SHIRAKABA SK 0.3 2.7 0.227 6.5 - 2.3 0.8 0.03
L.SUWA SW 13.30 4.6 0.109 531.2 315 7.0 1.4 0.40
L. ABURAGAFUCHI 4R 0.64 3.1 0.038 45.7 2152 12,0 4.9 0.42
L.SANARG SN 1.21 1.5 0.048 18.6 3281 12.6 - 0.35
L.KAHOKGGATA Kl 6.05 2.2 0,015 280.1 703 3.7 1.2 0.11
L. KIBAGATA KB 1.14 1.6 0.024 38.2 440 6.3 1.1 0,10
L.SETBAYAMAGATA SY 1.8 2.1 0.011 136.8 335 5.3 1.1 0.08
L.EKITAGATA KG 2.13 2.7 0.150 34.6 315 5.2 1.1 0,07
L.YURCKQ N 0,35 7.4 0.112 14.0 106 2.6 0.3 0.10
L.KOJINA KJ 10.88 1.6 0.043 557.1 1011 9.1 2.0 0.27
L.TANEGAIKE ™ 0.18 8.3 0.404 1.7 - 3.7 0.6 0.0l
L. KOYAMAIKE KY 7.06 2.7 0.191 42.5 539 5.7 0.7 0.07
L.TOGOIKE T0 4.08 1.8 0.073 51.3 267 4.9 1.0 0.07

FESEE0.020m020.074m D3 B2 EHOTERIDNWETRHELE, FEBEII>WTRE
WiER, FHRER CNa—-F~, IX) 20y (AWMEHYSHEE, TPyt -—-+7F
SAF-Ta) OERESToR, EHEBEOBEL, Wik, W8, TUBET 200CHNBSRE
ICP {Jarrel-Ash Avonmcemp) TEEL &~ (Na, Mg, 81, Ca, Ti, V, Cr, ¥n, Fe, Cu, Zn, Sr,
K)o {EEHEIZo0TE, E#HATVFARE YA NEEE(LAS) % HPLO(BBLC-44)T, =
EA¥H/oOY s anFHr(BIC) RECD-GC (BEGE-3A) TEERLUE,

3 ¥ R

MEQO—H & LT, BHBEISKBECEFERSISIZ2EETOHMMES, FHEHE (POC),
LAC, Mn, In OHMESHFEH2ILRT. HESHIZ oW T, W< 2HhOREBLENSY -V HEH
MEnf, MOPSELIIATTOERTHFEOEFIZOWTE, BLOERRFILEIABED
Ao ZHEOBIIHAZE—FENERNAALNE,
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3.1 WEHH
ERNORESBRIUTOLOGHA o HHINE,

BAF 1 #E (0O~4en) TR, BEHECHMTS.

AAFN : FRIF (4d~B8em) ¥ —-2hh5.

4TI REFHCHMLT, TH (8ca~) KL,

BRATWV:RE (O~4den) EFE (Ben~) THL, WHE (4 ~8cn) KEBLRALDHSB,
BATV  REFME~ED, 55ORFHUCELT B

WS oPOREEHANZ, ZORBFUESWEIAS T EFOHAOHO -EER2KERT., 2D
FZRUVE1I 25BNV OV OMBERENICERET S,

# 2 BESWONE— 20O
Table 2 The numbers of vertical profile sorted into the five types for each of the
eleven items

Some typical patterns in vertical profiles has been classified into the
following five groups. TYPE 1: maximum concentration in upper layers

(0-4cm) and decreases with depth. TYPE 2 : maximum concentration in middle
layers (4-8cm)., TYPE 3 : concentraticon increases with depth and maximum in
lower layers (8em™). TYPE 4 : minimum concentration in middle layers {4-8%cm).
TYPE 5 : concentration changes irregularly or relatively uniform with depth.
“F.P.R” means the Tine particle rate.

Vertical Profile F.P.R POC PON PP lAS BHC Ti Mn Fe Cu 1In

TYPE I 4 21 24 28 7 3 6 28 g 18 28
TYPE I 7 5 5 3 7 3 10 710 11 6
TYFE I 15 5 1 4 4 4 12 4 7 9 7
TYPE IV 6 g 8 5 0 2 P 1 8 0 2
TYPE V 13 4 Il 8 5 4 ig9 8 14 8 5

3. 1. 1 HHEES

—M%miﬁﬁﬁﬁ;%a,E&Oﬁumuimﬁ%w@mﬁf%U,%nu?mﬂ%u%i
AU REERTWE, ZZ2TR, EXORESH EORMHEL LT, HE 0.074mB FORFO
EDH2EREHEEHHRBREERELE, SLOBATHERBRIESHEILENMLTINWSG., &
BEEOBVWHBILEVWTKR, EEXFFAEGEBSONEBYORTIDOINT VB I LENEL,
TOLOREE, FEDORISBENTHEFLLTWLARFAHHEROFS S EOETO
FEE 2-TWaZLAEADNE, FTHEHDVETECABRAUCHARSEATA>THa
ERNCONEONEH, TORMELTIE, EABSOEELART, EEOLEVTEOM
CEREALETESENELLSNE,. ZOHSE, POC, PON, Mn, FeBOBEFAURFOFHETH
FEahTodZ et @BEshE (AAE, @B, Zi#2),
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3. 1. 2 POC, PON, PP

WEAFIR, BEIZ&GEL, FsFRIEHETEEIELGN D, POC 2 PONIZOWTiE, Fi#
WMOSRICEABRETHY, CNEFE2FERICEMTSZOE, PON OSEH POCKY D ED M
CELEHEEDNR D, ZhIZHUT, PPOHESAEE, EHOBELERKBIIK £ PPOR
HEBORBETHY, POCH PONXIER-EBEERAL TS,

3. 1. 3 LAS, BMC

AT SHBEORGHKADL, REOHSEDHOLELEZERIML TSN, Z0LHR{%E
WMEOBIZE, EWEALE, OB BE, EHSOHSDERNMBATHEEDIT, LAS
BRHCO, BRI A2LELSFAICE-EOCHEANE O EM s,

3. 1., 4 Ti, M¥n, Fe, Zn, Cu

TiSRIBOEIERSGTHYEVHAZOHESH I 200, EEFTRESAMIC—ED
ErgoEEFAOND, XERZEHOFBDEENEN, WOPQOBRIZBEVTIE, PICOE
EHFmMOoESICEoT, HANILEILTWS, EEFTOBLLERRBII o=, hORETEM
BIionWTREHERBREALEAT VD (Renph, 1976)4, S OHUT PP LLICNNOERET
EMABALND, FebMnl AHOBELRESH, NMELHELEARBICEBRTIRVWES, B
AEEARAETAO A2y, EEPOLEuOBEN, ABARELBERIELZLRERLD
ke<EbhnTsY (Johnsont, 1985), ZnkCudELTONE — VA LASONA — 2 ZHELL
EHASA NS ShELHAERZEMNS, ZhABSONEA - UARBEOAAERTOEEERBMLTN S
ZeAEEAD, EEL, hEOEWREBRIL, BB 7S 07 N o REOEBEALEERHE
REHEEZSATHY (Takamatsub, 1985), ERFOBEFAII>OVTIE, JUELDERESH
ELidhiaesin,

3. 2 RTAANELL

BHMBIBWT, TELZAFNOAOHECREER L HLORBEEEDREVWE, RFTAMO
T LTEAL, HES B8 285BI 0WTR], BLOADT -3 0ELBITONE
BPERTLE., WSOPOHEBICWT, MOOREFEERLBTZEEOHCKM I ZHRD
BEEIICRT.

3. 2. 1 MsE=
HNDLEATIHRBESDON, BEORESL2EDE, ABANFOHETHEBET2EHIC, #H
BREAETFTHMICHEMTIMBNIS ., EREOFOHFHICBV TR, £PRBLRLOAELEH
PRIV BOLILEVWVRTLITELEFABVEYD, ¥OEAMERTIILH .

3. 2. 2 POC, PON, PP
POCEPONA B THMICHE AL, PPAMNTZHENRS W, 2n 5o fEmE kPO EEDMENK
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@ﬁh#5icth55~ﬁtﬁﬂ$%@%%ﬁ%ukﬁwﬁﬁ%béwm%%%wUy&ﬁh
THEY, TOELAYBTORICE WHTS. AR LT, PICLPONEMING N EEIC L5
%@ﬁ%<,ﬂmﬁ@gﬁ¢?u%%ﬁ®%%%K%ﬁénT,ﬁﬁ%nﬁbmﬁﬁﬁﬁ<&&
BURBREORVWHBTECANE AR T ARICEL T2HEEI AL,

# 3 REERTOEBEOH#ML /O
Table 3 The ratios of the concentation at the downstream site to that at the
upsirean site, using the concentration in the surface lavers (D-Zem)

At each of the Tifteen regions having plural sampling sites (expect 8K, YN,
TN), two sites were selected as an upstream site (in the most case, the
mouth of main influent stream) and a downstream site (in the most case, the
centrazl deepest point of the lake or bay) along the main stream line, The
mark “-" means the concentrations at both sites are under a detection limit.
“F.P.R" means the fine particle rate.

code F.P.R PoC PON PP LAS Ti Mn Fe Cu Zn C/N
IB 1.29 1.48 1.62 0.30 0.00 1.02 1.72 1.14 1.62 0.54  0.90
TG 1.25 0.98 1.10 0.19 0.01 0.80 0.78 0.88 0.48 0.1 0.90
TK 0.77 1.37 1.56 0.74 0.00 0.68 0.86 0.89 0.73 0.51 0.88
ON 3.17 1.26  1.67 0.49 - 1.15 1.08 1.08 0.98 0.74 0.76
T8 - 1.47 1.64 0.72 (.00 1.16 1.25 1.12 1,37 0.83 0.9
S 1.20 0.97 1.09 1.58 (.88 0.75 1.65 1.06 1.41 2.66 (.89
AR 1.44 1.36 1.56 0,88 0.28 1.18 0.91 1.44 1.70 1.08 0.87
SN 0.93 1.12  1.36 0,92 0.69 1.01 1.12 1.13 1.25 1.15 0.8
ki 0.72 0.57 0.96 0.40 0.00 1.06 0.87 0.93 0.91 1.06  1.03
KB 0.64 0.98 0.90 0.37 0.01 0.99 1.28 0.88 0.45 0.70 1.08
SY 1.58 1.11  1.35 0,56 0.02 0.89 1.44 1.28 0.72 0,65 0.83
KG 1.14 0.7¢ 0.76 0.78 - 1.08 0.69 0.84 0.9 0,88 1,04
KJ 0.50 0.33 0.30 0.17 0.03 0.86 0.67 0.75 0.47 0.44 1,10
KY 1.07 1.22  1.50 1.04 - 0.87 1.42 1.14 1.38 0.89 0.82
T0 1.21 1.0 1.31 1.0 5.00 1.03 1.05 1.06 - 1.00  0.80

3. 2. 3 LiS
REFOLASOEZBEIIRL, BEICEBTHS (Swisher, 1970) 2o, BT HEAOEE, T
MEGELIcKEVEEbhE, YROZTLAAS, BO/AOCKIZIUT TS24, 204
FES-H2>0nTna,
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3. 2. 4 Ti, Mn, Fe, Zn, Cu

TIHRBETFAMIZBIEEAEERLL 2L, Mn};Felit%t:ﬁ?]’iﬁﬂ#:@ﬂﬂ@‘%fbﬁrﬁm‘aEnéfﬁ,
WEFALEHERBIUEMTIZEHERS DIl BEERBLELRKEOMTHEL B ERYE
Laads, MO0EEZBAHESIA TR0 EELZGNS, LnbkluilonTid, MTHM
DELIL—FEOBRME A S5 hi,

4 E =

4. 1 $HEXMF

BICERTELEDI, EETOSHEOKRES AL, BELOFE#HIBLNZ, 22T
HHESTEXET S, WO DEREBEL, ThThOEREHEHTIEEDLEEHEILD
NWTEETD, EROHRAICHHLELEDLDRZEEHII DT, BB 2hEsHORKEA RS
4ICRT.

4. 1. 1 EBEOIEWEIE

EEOEWHEICE, EERLECBLEEN B VVHBOEFEZELR2T LIRS 2, R
DEEBLEVHEIC2NWTIE, "°Pb% 0 FHAVWAEEVWEEEOERILLZUMANETH
% (Johnson®, 1985), Z ZTit, Zn, Cu, LAS v, ABATNOFHICHEENERLEE
DEERANCEENREVWEERERPNAZZILATESL, ZhASOEEOHESFICE TS -
FPOREBA-HTA2HELLT. FEBIACS, BEBA4L, WL, 2RUT4, WrHE1,
HEB2 adaids, £, EvEBBCBTI2EENLR A XIIonTH, BHEROHES
find, HKBEOWPBROBEAREFADE2ERE#ETEZS (BEASRUE, WMol 1EUZ,
aALE L, K2 ),

4. 1. 2 EEOLEHHHE

BACEABMEE, EHOCENREONTERVEERBEO—2THY, KEFORILED
EasREL, MPPPRYoRESAEXET S, BLEEAEMR, EERE A OEHTOHL
BE, BLATOBHAEE, 20 CIBEETOMELERICLVELT S (HE&S, 1884), Mo
PPPRIEERCH/AGEELEORRICEARTEED, MPPPORESHONT - P SHIE
ﬁmﬁwﬁﬁﬁﬁﬁﬁﬁTézaﬁﬁza,%<®ﬂﬁ?u,mawme—auﬁgn&ém

W OHOHET, BLBOEVWRESAOAE (FEB LRV, TEALRVZ, Br#l,
ARGE2), WMESE, POC, PON LDOWTHHBEFEOBHAEAOARVES, SEHD DL
BEMG M LEOER LB TLHEBLLTHETES, W<OHOBATR, Zh50OHHE
CEEROBEIFESFMI—EOEETEMSDVRBELLTEY, EnABRIIMELRI R
MoEbOLBEbhE (BEASZ, KBEKR1, LBH1ET2, BEH1, 28,1,

4. 2 RTHFEAOMEIL
MTHELEIHREEROEN LY, BEDEOMK, ANLEEOES ARRAS, ¥F
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# 4 RERGEHETLERAREOERIILBTZEARN
(+EEHH 2N -2 ET)
Table 4 The examples of the application of the item explaining the factors
concerning the vertical profile at each site

The factors have been classified into; 1) The sedimentary conditien in a
long term, 2) The sedimentary condition in a short term, 3) The oxidation-
reduction potential, 4) The physical and/or hiological vertical disturbance
or mixture. (At the site with the mark “+” , it was cbserved that the slope
of the prafile have a nearly constant value in the static layer where the
bicdegradation of organic matter progressed constantly). “F.P.R” means the
fine particle rate.

"

the the sedimcniary condition the oxid.-red. the dinturbance or
factors long tcrn short potential mixture
depth of  depth of  depth of  depth of [depth of depth of | profile prolile
code sL.| LAS peak  Zn peak Cu peak sand/cob. | Hn pesk PP peak of of
(cm) {con) (cm) (ca) (cm) (cr) F.P.R C/N
N1 6-8 2-4 0-2 0-2
2 8-10 0-2 0-2
3 0-2 0-2 0-2
L
5 1-6 6-8 -6 2-8 +
061 4-6 4-6 4-6 12-14 12-14
2 14-16 14-16 14-16 +
3 -2 0-2 0-2 B-8 t-8 +
T |1 2-4 14- 0-2 0-2
2 0-2 2-4
3 0-2 -2 0-2 2-4 + +
4 12- 810 8-10 0-2 6-8
5 -6 18-20 2-6
6 0-2
ON 1 2-4 2-4
2 8-10 0-2 -4 +
3 0-2 2-1 0-2 0-2 +
4 0-2 0-2
5 6-§ 0-2 2-6
5 1 6-8 10- 10—
2 2-4 8-10 8-10
3 2-1 0-1 +
Sk 1 4-8 2-1 0-2 8-10 +
SO 4-6 2-6 2-1 0-2 0-2 +
2] 10-12 12- t2- 0-2 10-12 +
3 2-4 0-4
4 10- 1G- 10~ 0-2 10~
AR 1 -8 6-10 6-8 0-4 6-10 8-10
2 2-4 6-8 6-8 0-4 2-4 0-2
SN 1 4-6 4-6 0-2 0-2 +
2 4-5 6-8 8-10 1-8 6-8 +
KH 1 2-4 10- 4-6 5-10 10-
Z 0-2 2-4 6-8 0-4 +
3 8-10 0-2 0-2
KB 1 0-2 0-2 0-2 + +
2 1-§ 8-12 -2 6-10 6-8
SY 1 U-2 0-2 4
Z 2-4 Q-2 0-2 0-2 +
KG 1L 4-6 5-§ 0-4 + +
2 1-6 0-2 0-2 + +
3 0-2 0-2 1-6 +
N o1 4-6 0-2 0-4 4-8
K1 10- L0~ 6-8 + +
2 8-10 0-2
2 12- 2-4 2-4 2-4 8-10 +
TN + +
Y | 6-8 0-2 4-6 +
2 2-4 -6 2-4 +
™ 1 12-16 16-
2 8-10 8-10 10-12 5-8
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COBEEMEGLTVWS, ZOFTE, BEDHEMARLEAERNOBERNBCEETHI N, @
OEICSWT, ZOBFREEMCEHRLEFH (FHH, 1087 L ke, WEOHRE, A1
KHEEZEEZHELRAOKETHFALELLTWE, WM @OIAE (POC, PON, PP, Mn, Ti) iZo W
T, MTFHEOELLOER (W) AEFOFER: -HLE, ZhS kY, @OHESHL
KART, BEEFAREDEOE SN ABERBLODELL TS ZEATFRELL. 517,
FEHBIZBITBLAS (FH, £R8%), BrHEICBI VY (MRS, 1981) RYTEHEHLIE LK
HOMEFAEEENATESY, T2BENFIIRELCEEIASZHEIL DWW TR, KW OBEBLE
WMERLYOMTRELEIET LT, EELBI2BEREIEERDBEESRBL T SEE
FLEALh B,

5 B W

WL DOADEBIZI2NT, EEPOHESHFONI -V E22HL, THERONAR -2 HH
TRIEFAELT, HEHEBOLEHEE, BEEOHH - % - S5, EHRESEHD
Rl 2 Hw, ROoLDBEERELE,

1) BHAER BAKFOR - BOBADEE

2Z) ¥n, PPEB{LEOE

3) WAmESRE, POC, PONL R - &N {EOFE

4) LAS, Zn, Cul BHEIS DABETOEE
FAOEIPSBWLCATTORTFAOEEOENLE, BLOMDIINTLSRE (0~2cn) B
BHOBEOHTEHELE, ZHLETOBRLELET, RFEENELOREDEOHER UKE
OEHWREERBLT, BTHACELLLTWE I FBERENE,

51 A X ®
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o-4

FRNBCBITLHREENRE
A Three-Year Water, Nitrogen, and Phosphorus Budget for Lake Teganuma
HMREM - HERK—°
Masaaki HOSOX]' and Ryuichi SUDG?
B B

BB ENMLIBHIEDIEFIIANT, BERMTHIZFEBOHBATITO
KE - RBEFHEHTICHNOKRE - EE#HEENG Y, PAFRVVE (4A~98) &
TIEIANNE (10H~3B) KW TFEABILBTHRBEENTEHL ML,
FEHBOBTZERSPILEEZFML L.

WWEHEEEKRPTOT-N, T-PEEE, £BICHAL, EELETI2E:HLH
BRLE, ZhiE, FAFANM-NBERUPL-PEECEHTHICAEL T,

BEARPOT-N BEE, ERE2BCTLHEAETHROFEICELLE, BEEFOE
ZEEOSAEE, @ANHEATHEERTE, BLAY TN/ et —EEE2RELE,
£k, BAkHPO T-PEEIR, EBIIBWTHEBREBEL T LEM FTHOFEIZHK
DPLE, EETOD VEBER, KF0U yEEICHELT, LBTR, EEM»ST
WOHMIC 11.2ngP/gh b 2.5ngP/gEqF THRBICHE LS LE, LAL, TEBTIE, 2.5
ngP/eRiB O —EEERLE.

FRHEONIEZ HAE-HER) THLWEE (BAkrsdnid, ELEIC
HETS) 2RARTHLEAFEHBOBMASEIBI2ERLEDY > O%b® (1
~-RHEE/RAE) @, FHAFH0.34~C.38, 0,44~0.56 o, HiLEF B
MHEEVTRALEEGLEETH NI, EME2EELTCLBICEI 2 Vv BLEE
AREVWEETRLE (41~48ng/n'/d)., Zhid, FILHBILIEERADBITICK

TBEEADNAE, -7, BERICOVWTR, BEAPANVBIISI2THETORLE

ERREVEERLEQ220mg/0°/d). Zhid, K-EERE@-STIREET L
<, RPTOMBIZLZLZBFRENIZIEHARBEEIHE,

Abstract

Water, nitrogen, and phosphorus budgets of hypertrophic Lake Teganuma
were determined from April 1983 to March 1988 to evaluate the rates of
nitrogen and phosphorus retained in the lake water, i.e., the natural
purification capacity of Lake Teganuma for nitrcgen and phosphorus,

T-N and T-P concentraticons changed seasonably, i.e., the maximum T-N
ard T~P concentrations were observed during the winter, and the minimum
T-N and T-P concentrations during the summer.

T-X concentrations in lake water decreased gradually from the menth of

1, BXYREWRER KELZERHENR T300 HEEOIEHNFINL6H?
Water and Soil Environment Division, the Naticnal Institute for Environmental
Studies. 16-2 Onogawa, Tsukuba, Ibraraki 305, Japan.

2, EVAEWER HHE T30 HEE-H EHEAFIN6HE2
Engineering Division, the National Ilnstitute for Environmental Studies. 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan.
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the Ohori Kiver entering the lake, Sta.l, 1o the outlet of the lake, Sta.7.
T-N concentrations in surface sediments of Lake Teganuma decreased in the
mouths of the Ohori River and the Otsu River and leveled off constant
values (approximately 7 mgN/g) down strean from Sta.3 to Sta.7.

T-P concentrations in lake water and surface sediment in Kaminuma,
upperstream of Lake Teganuma, decreased remarkably along the Tlow of water
from the inlet to the outlet and leveled off in Shimonuma, downstream of
Lake Teganuma.

The water and nutrient budgets, along with field and laboratory
studies, indicated that retention coefficients of nitrogen and phosphorus
in lake water defined by Vollenweider were 0.34- 0.38 and 0.44 - 0.58,

respectively.

Phosphorus retained apparently from lake water, i.e., loss of
phesphorus defined as the difference between inputs and outpuis of
phosphorus, was shifted to sediment phosphorus particularly in Kaminuma.

The horizontal distribution of nitregen accumuvlarted in the surface
sediments and the laboratory study on denitrification rate in sediment -
water system suggested that a large portion of loss of nitrogen in lake
water was caused by denitrification not only in sediment - water interface,
but also in lake water.

1 FLsic
FHE (TER) 3, 28-F8EEFAETFLENE (BEF, 1986 LTH4THE, £
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E®, FEHBILBILZ2REHONEEHLOMIL(EER - HEE, 1986), HHNTOREEBELES
ey, BEOL DEHRFLEREFEML =,

2 FWBOBE

FEEBNMEBLLEOIIFREMAGHOABINOHEHBIZI LS 23 TWSNR, 1981), LAR,
TFHMNES, BHSEIIREEOIYRRKEIIR A, LAL, ARENWTVWEIFEEOERICY
TEHEE (FFER, 1982) (KRE#M 6.50kn", FEHzkBE 0.8n, HEH 5.6X10°0° )12, HEH
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E, FEBOHKE, PAFOCHIIRBEAKELTHAEE, Zhit, KNEE L3 ETE
KERANIPEZBAOSNDOT, BRI SERFTTIHBICIE, pASVE (4 H~94),
SERADNCE (WWA~3A) KHdTHRTS,
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Fig. 1 Study sites in Lake Teganuma
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Fig. 2 Seasonal variations of concentrations of nitrogeneous compounds

at St.3 in Lake Teganuma
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Fig. 3 Seasonal variations of concentrations of phosphorus compounds

at St. 3 in Lake Teganuma
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Fig. 4 Seasonal variations of chlorophyll-a concentrations at St. 3

in Lake Teganuma
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Fig. 5 Vertical profiles of NH,-N concentrations in the pore wate of the

sediments in Lake Teganuma
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Fig. 6 Vertical profiles of P0.-P concdentrations in pore the water of the

sediments in Lake Teganuma
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Fig. 7 Longitudinal variations of concentrations of nitrogeneous compounds
in lake water during the irrigation period (April - September) and

non-irrigation period (October - March)
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Fig. 8 Llogitudinal variations of nitrogen concentrations in the surface

sediments (0O ~ 2cm) in Lake Teganuma
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Fig. 9 Longitudinal variations of concentrations of phosphorus compounds
in lake water during the irrigation peried (April - September) and
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Fig. 10 Longitudinal variation of phosphorus concentrations in the surface

sediments (0~ 2cm) in Lake Teganuma
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Fig. 11 Relationship between particulate organic nitrogen concentrations in lake

water and nitrogen concentrtions in bottom sediment in Lake Kasumigaura

- 79 -



AT - Fkie—

S o2t
.._E, st. 2 8t. 1
[ [ 3
] .
g st. 2
% o1k St. 4
_E_ Mean 1 '15.D.
g St. 9 ++
3] St. 5
&
- 0 . A
0 1 2

T-P contents in sediments (mgP/g)

B 12 Br@iddelikdbol) vEELERTOUCESAER S DEG
Fig. 12 Relationship between tatal pheosphorus concentrations in lake water and

phosphorus concentrtions in bottom sediment in Lake Kasumigaura
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Fig. 13 Seasonal variations of NH,-N release Tluxes from bottom sediment

in Lake Teganuma
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Fig. 14 Seasonal variations of NO.-N fluxes from lake water to bottom

sediment in Lake Teganuma
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Fig, 15 Seasonal variations of PO,-P fluxes from berton sediment

in Lake Teganuma
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Fig. 16 Water budgets in Lake Teganuma {Apr.1983 - Mar.1985)
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Fig. 17 Kitrogen budgets in Lake Teganuma (Apr.1983 - Mar.1986)
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Fig. 18 Phosphorus budgets in Lake Teganuma (Apr.1983 - Mar.1986)
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WEHERSOBRAZABALEZZ LS DHEEENS, FEBICHBIT M=, Turners (1983)
PEERANLIELAOMBEN KL LTBELEBLEROBETR, REVWEICETS. L
U, 8HS (1984) AEEENFE2HOLMILEByrBICBB 28R, UVEiERE, Fh¥h
0.53~0.69, 0.69~0.82T, FHEE| LY L RE W,

BB PENERYSZYTRELESMLEE (1) TaOE, VYIEOWTREENIERE
BUTAl~48ng/n’ /dx AE W ERL, TETEAOO%REEDOHILREEZRL &,

* 1 SEEHARPIIBTZ2ERREVV Y OBREEE (ng/n”/d)
Table 1 Rates of nitrogen and phosphorus retained in lake water

of Lake Teganuma

Nitrogen Phosphorus
(mg/n’ /d) (mg/m*/d)

Area :
Irrigation Nonirrigation Irrigation Nonirrigation
period period period period

Kaminuma 148 193 41 48

Shimonuma 220 101 21 25

Total area 188 140 30 35

FRTOBLBESARZVOIR, 4. 2TRLEIDIE, RKEPLHERAOVOHRICES
LOrEALOND., —FH, BRILDVTE, BIEPANVWEIIET 2 TFTRTOELEES 220ms
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B/HODEREFRETL
Development of an Ecological Model of Lake Yunoko and

Assessment of Eutrophication Control Programs Using |ts Ecological Model

HRIFEH - EEE-—
Masaaki HQOSOMI' and Ryuichi SUDQ®

B B

KREBET SHMEBES Y LHIIET2BRELOETC I KREEEBE2HE S,
KT b iBAOKERENHOIET M ET OO0, BERWTLDE )
HEAELLT, KREBZEFLEZEELE, Z2OEFAE, BE—-RTOKE
—IKREBFRETNT, EROY TEFILAEMIEEN TS, KBOEHE, »
007« J)a, DOBEIZONT, FRERTOXEEBEICISWT, HHEMEE EH
HEFRLS—-FHLE, 51, EHERHBHICBTAERDPLOFEERHBEILD
WTE, HEELENEIN—HLE.

IDYIab—varvEFLERALT, BEROLOAED, BE, BELEHSOD
U RAGHBRMNEII DT 2007 sV aBE, DNEBEICSAZMREHML =,
EREOLpAEDICEY, ERMLORBEEHIANASH, FOBRELLT, ¥
OEREATGHOFRKBEFTO/I OO 740 aiBEABETFTLE, LAL,BEBIISER-
VCEHEENMERL, ZJ00 74 laBBEayb0- 232 b—Vv2r0DE
NICHESHE, £, EYERHBECBI2E8Ak0EBBLEST, LoAttoo
ATREFBES N Mok, BRIZKY, EMEPBECTEEAKST® DOIL, 53.2ng {7
BhE&ok, LAL, U7 s haBERIY MO -AYIab—oa Vil
ARFEAERPATESO Aok, LEEHISOV AT EL/2ICHEL EBS,
A FILRFREROZO00 T LaBER I PO-A Y Il —-Yaryd79%
ETHAL, £, ER» DOV VEHEELSRETHD L E,

Abstract

An ecological model]l of Lake Yunoko, a dimictic lake, was developed to
obtain guantitative information on the nutrient cycie in Lake Yunoko,
particularly the sediment-water interactions and to assess various
programs for eutrophication control. A multi-component dynamic model for
nutrients in the bottom sediment-water system was incorporated intc the
model, one dimernsional water temperature-water quality-ecological model.

Good agreement between the model calculations and cobserved nutrients,

1. BEEZKEWER AELERED T80 HBMEEHNFIIEE?
Water and Soil Environment Division, the National Institute for Environmental
Studies. 16-2 Onogawa, Tsukuba, lbaraki 303, Japan.

2. EVAEWEMR ML T305 FHE-SIKE®H/NFNI6HE?

Engineering Division, the Kational Institute for Environmental Studies.
Oncgawa, Tsukuba, lbaraki 305, Japan.
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chlorophyll-a, and dissclved oxygen concentrations in the water and
nutrients concenirations in the bottom sediment was noted. The agreement
between the model calculations and the measured nutrient fluxes fronm
bottom sediment during the summer stagnation period was good,

The effectiveness of eutrophication contrel programs on chlorephvell-a
concentration in the surface water and dissoived oxygen concentration in
the botton water was assessed using the calibrated model, Sediment
dredging decreased nutrient flux from bottonm sediment. 4s a resuli,
chlerophyll-a concentrations in the surface water at autumn ecirculation
period decreased in comparison with those of the contrel simulation.
However, sediment dredging had not an effect on the depression of nutrient
release flux after 4 years as compared with the control simulation. The
depletion of dissoived oxygen in the bottom water during the sunmer
stagnation pericd was scarcely restored by dredging only. Artificial
circulation increased dissolved oxygen in the bottom water more than 5.2
mgl™" throughout the year, whereas chlorophyll-a concentration in the
surface water scrcely decreased compared with the control simulation. In
the case of 50 percent reduction of external phosphorus loading from the
wastewater treatment facility, the annual average chlorophyll-a
concentration in the surface water decreased to 79 percent of that of the
contrel simulation for the 4th year.

1 @Fusic

BYFOCHBRREZREZRETHZIEY, @IEH6E8%, BH0%ICHS, N%LEL, BEX
RECLZREBHIHETLT D (REF, 1986), HEPHKAR, HKEBKRELLIEE
THBIE, L HERMEPRELERL-T 2D, UEIHRL—R2TIE R BESTEE
ERLTEDHILARETOLER D2 24525, HRARERL2BIHEENI83FI2H
Sz, EOHRT, KERZLETHEFE (FAEOEMH, LoA¥ 2R loRERE M)
EHEL, EET2ZLADEDATNEG, LALL2HS, KRERSBAEIT, EXNEBH L HE
EEYD, LEAST, BAOMBLIZKEASHREEMICHMERNL, YRGB EE
ELRThRAedhn, Z0EDIE, XFILBW2ERBEE 2 EENWIIHELIBLLE
DHBZEFEI>ETEH AL,

ZHLEFELLT, KALBEROPBEEFANILBEIATHS, HBECEERLE, 4
BhoDOFREATOSLLT, ERMOCOXERBHIILIZIAPATOBEELAE VL EINT
W2 (Andersen, 1874), UM L2WHs, BROAREEZRTFINTR, EEODRITIEE» S
BEBLLTEAONDHENSL, EREFVAMBRBEN T WAL (Nyholn, 1978 ; B,
1984 : Larsent, 1978 ; Orlcb, 1983 ; Gulliver & Stefan, 1982), F4ht, ERETFLLSAH
AidEhTunlneg, BEEERIINTIAEL (RILBERECEETIE >R LA D%) 0H
L, EROELEPEFRICHINEACELERFILTFHTEZHFTELRL,

gk, KREBRAIFTLOEZLE, 1By Z22ATFN(KTFAILOLC2HOFR Y 7 AFERE
EhEHESELEC)IELTREDECBIEILEAMF S A TS~ (Nvholm, 1978 ; #i, 1984 ;
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Larsen®, 1978 ; Jorgensen, 1976). KiEHMEAFEE = H, POERBIEIAETL 2 BB I01,
FLAYrSMBEFRNICEERBRUSER (520WREBABEVEKRE) PR3 2Ry P AEFL
DKREBRETLNEHSIHATE = (Inboden, 1978), LA L, Ry ¥ AHOESEEDL IO
074N aRBREAEIAONZERBEOBRCHICHEIN KRS, -, 9EBTCHILEEENRE

L, EFRICH—-ARBRELVWESAS., 20 1E, FRktokEU SR LTBLAICE
LZREHREFERENhS-H D (Garrel &, 1977 ; Farts, 1975; /B, 1983), Z O W WA E ®
EMiT2E0Il0, K-EEHICBIZ2EFEEOBEH T KERBL T3 AAFORBED
BE2ERETLIHNEND D,

ARETE, RERXFFAEE NI AESHBLBI2MEEREE*HLOMITBLLEL
I, SAHRAFHIEEEI TR, BRAPERL AT 2O AMEIC LI KERSHRE 2 FM
THRZILEEMELT, BEH, UVORERY T EFAEHARAERE—KTOKE - KFLEB
FRw P ZAETFLEERL, ZHAEHEBERBTH»ZIE/ HICHRAL L,

2 HRHEA

HWE, EXEYABEICDY, ERELLT, £ ALY TELEALTHD, B/ HOK
BExELIERT. &8 FHKRES 7.40, REHEA 0.35kn", FHEHEEMAMIOBT, BH
CHBILERTLIEBREE TS S, EAWARL, BRRAEEEK, AFT, BHFATH
U, BEOl, BROLAATHD, B8, UHHEBETHILE2rbe T, KEHEKOR
ACEUVERBEAFELIETLT NS, BRREZICY, ZLOHEFLLIIVE/ HOEFE
bt TDOBEI-ETEMENITLATE - (JIBP-PF Research Group of Lake Yuncko, 1975 ;

Lake
Yunoko

Tokyo Odobu Rlver
I}

¥
shiran-u{:j?-r/
Yumoto Wastewater 4

treatment plant

Groundwate
sespage

0 100 200m
—_
Yutaki Falts

M 1 H/HOoBE
Fig. 1 Lake Yuncko
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AR, 1978, MRS, 1984). ZHALOHBERARE, 70074 aBEAR20egl ' 2HAD
ZENEL, BIWHNEXRRBTHEILEREAE, RABTOLEER, 2V VBER, Th
F300.2 - 0.8ugN /™", 0,02 - 0.10mgP "' OEHEICH Y, TEERPICTISEOEES (1.1,
18 - 21%, 1.6 - 2.7mgP g7', 6 - TogN g™") PHAEWHFEHRL T2z eHEELTH S,
BRic, B/ WTIR, RELEBZCEGTL2HK0U Y BRERBPBEERC—HLe AR ER
(AW, 1978), BV VHFAOEERL(BARAEH L EE RS, 1981), HAOBLARAR
(RS, 1982) RXBAOKEREXNEIEHNZLTEEL, £, HEZHENRERO LD A
EDOHEILOWTHREELDDHS.

BRE@ED%h, BB T, AERLHEEHEL, KEELIRT2FEREER TS
HETTRL, ERMLOKREPERF-20BRELERY, HDERREBEEERML T3 EHE
b, KREBAESVOERSLERSB L BEL0NS,

3 EFLOESE

FHRATRRIDEFNVE, KEEFLEREGLEEBREFLTHS. 20k, Bulrki
D—RKFTKBEFNLTH BWREE F ) (Water Resources Engineering Inc., 1969) ®NITEFu
(Hober %, 1872), EHIIHERHTFIL (Bhd, 1983) ZHRLEEFLEVASL. T4bh
B, iE-KRRAAKE-~-KE-EBRTFLVLEPFIZILNTES, ZOLHIREFTLE, BRI
Chen & Orlch, 1878) IC &> THREZNTHEBY, ¥EILRBEOAIZE VY-S0 3Ly
4 — Y (Hydrologic Engineering Center, 1874) [t A=-T0n 3, <SEHEBEERETZEFNIZIE,
ZDEDIDBREFNLIC, ERTOXREREEERXFALEY, XA-EEBILBIREERHAE R
FHT2EODEREVP TIEFASMIBRETRT NS,

B/ MILBIIHEKRTIN, MESFLUPUTETNTRER - AT 2HER2 I LT
&4V, FIC, FAKBEF LTI, Greene (1981) MR U = Energy Balance TF L2 A
A, BAREEEH I V- MHBICLE,

RAEMICE, FEFICINIEFLVERAVTRELSFEHET SN, RERKEHFOTT, &5
WAL RENOBBHFKE, EEAz (ZZTi}, Wen& LE) OXKOERBr ARG SN
EHEE, KABBRITSELT, IROEHET Energy Balance EF NV EREEEE. £F, 1)K
ORBEEERRAHTOBRNIN SR 2, D)KABELKHF LRI EXNOUBHEERD S,
SVKOEZRBTORNIL, AKABTHELEPFCEHETI2HEELADORANOABHEL T &
L, BREUEOKESTHERDS.

H2i, AEFLVTRYLETFEAREBALBI SRR VHOBEFRERLT VD,
FIR e aktEl, BFEBRERER, FEBER Y Vo Rs, FLAEARATERREERER,
MERER, Vy (B/HTR, BFEEHER, BEEERY A LENLR0Ed) 5L
5.

EoHLBREBD IS P OB LR, Asterionella formosa, Synedra acus,Fragil-
aria crotonensis ¥ M4 A B Uroglena americana, Cryptomonas sp, ¥ OMWEBEET
H5 (MRS, 1984), AROFr ABEFOHBEER D, HEEFLI VLRI KEY (Snayda,

- 890 -




B/ HOLEREF

ATOMOSPHERE

Available N/P

D E’hytoplankton M2 [Unavailable N/P
Diatom /Qthers
Rz
S0D .
S
F 77777 ;
,SEDIMENT ///é/c/;// ;
A : oerction, B - baocteriol decomposition, E * excretion,
61 © growth, Gz : grazing, M1 mineralization
Mz * mortaiity, P :photosynthesis, Ry : respiration ,
Re-: releose S :sinking, SOD : sediment oxygen demond

B 2 KEEEZREFLOAF L
Fig. 2 A schematic diagram of the structure of the ecological medel

proposed in this study

1984 ; Titmarn, 1976), LA L RBEOr A HHEIE, BH 7507V OBLEETH Bheratella
cochlearis, Bosmina lengirostrisitk o THHILHAShANWEZEABAD., £F2T, £ F
VTR, TABHLELHZEEN SR FOMOEHO 2BHELIIEL A,

E3id, ERYTEFNDAF-LERLTWS, ZOFTITFNVOERN 2E &, Hosoni
5 (1985) LR - A (1987) LRAMTHY, BKRFOV Y, ERLGWORBEP LKA
BASEATw3, R, OEBENLSBECHEIIBRERISHEE ~OFHL, O
REOHBEERZY YOBRERFAOHEE, OFZREBREEATHWS., 2k, BELORBFTEE
REBREPEY ISV P VOERREAOKRE, QRENFOURR - RnRICHSBEBERE
HOUWE, OQBGTEFREREORE IS BIZLIZ2EHRBHEEL.

AEFALTHE, B/ WMERSFOICIaI L IIUHLEALEER Yy P RAETFNVEZDOERY T
EFALLRE. BERYITETNE, BEFER (0~40kiR) aRTVITEFTNALEER
EE (5~1207k#) 27T Y JEFLBO2EMTHE. SERY TEFNIE lenZ &ITYIH
LEWEEFILTH B,
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WATER

[av-P] [UN-P] | Phytoplonkton | [Av=R] [UN-N]

SA Diatom/Qthers
Di S y U S
SeomerT YTV 77 TTTTTTTTT 77T TR 777777
15t loyer [ay-pﬁm SED-Pi [SAV-NJ5{sED-N
' Di S Di S
4
20d loyer  [SAV-PJo{SED-P] [SAV-NJ-—{SED-N
o Di S Di )
i J \ i i
1
|
:
||
l
20th layer @v—P —[SED-P [sav-N — SED-N]
e
[l
L 1 L 1
SA - sediment accumulation and compaction,
AV-P : ovailabie phosphorus, AV-N : avaitable nitrogen ,

UV-P : unavailable phosphorus, UV-N : unavailable nitrogen,
SAV-P : dissalved phosphorus in pore water

SAV-N : dissolved nitrogen in pore water ,

SED~P: particulate phosphorus in sediment,

SED-N : particulate nitrogen in sediment,

Di : diffusion, S : sedimentation, De:decomposition, A :adsorption

Bl 3 ERTTEFNVOAF—L4L
Fig. 83 4 schematic diagram of the structure of the sediment submodel

proposed in this study
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4 ETNORHLTICEHH
KAEBRETFLVOHEI D —2H4 it REAEBETFLE, E¥AEEFTIORES
EBHZTFNVOASD KB, EFCHEORERRE, MBICHDIHELRE, £#HXy 7 A0HA
WHE) U, H2IRLEI D REELEBER2HET LSS R2T S,

ﬁEA D initial volves
|

READ  inpur data @ weather, inflow &
quolity, coefficients
R

READ  owrput of water remperature model

: woter temperatire, vertice!
advection and diffusion

NEXT

TIME 1

STEP CALCULATE Cirvarl) - vertical
advection ond diffusion

!

CALCULATE Cltsar) : production,
grozing , decgy élc.

C : concentration of gbiotic

ond bietic constituent
{ouTPuT |
|STOP l

Flow diagram for the ecological model

B 4 AR&EHEAKAEFLOHEIO-

Fig. 4 A flow diagram for the calculation of the ecological model

BLIICHJEOKRKETFTHUHEOHELRAFHTIINASA - E2RZT. ZOFT, EBHEAKROET
FHEIXHEECORERATREBEOEFMFEIIS Y EDICRELE., T LBEHHEMGRE, XEosE
PHEORBRAEHOTMLAERNA (MES, 1984) T, BFEH L BERBEIESTTRBEOEHE
BICED EDIULBEEL -,

ERFHEAERPA-EREEOBHEAR s R I M BRI 2ICE SO THERLE(F2),

RILKFEBREIFILONSA-FIO—KERT. B/ HOKRERESF AP ERZAWE
ERMF-IDLEFTAVONTA—ZFMPHMMEICHNE GERS, 1984). THRF—-2HE
LAZRWHER, XHKEEZ2H5ZIZ0E (Nvholm, 1978 ; # [, 1984 : Orlob, 1983 ; Jorgensen,
1978, 1879 ; Scavia, 1979),
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WUYMO S EXORERELS, Vo -2 v d - LEitkok, HEHEZITEIALH
FUI1982EI12H I HE T Thd., TEATEBELTE, 275 -2 (B/3H0BELCHBE KX
FERT) @ AKDKE, KEOETHD (EEL, SIEEs+ERAEALIESF -2 ELE).

5 ETI 0K

AEEFLNOHAKLRO—FERESILTRT. HEOREAEC CHEME ERNEE A LKL
Tnd, 2P, Z2TRALTVAEVS, ZOKBEFLEHRLEABESL E<RBEL TV E.

ek, EERAEFILOHEABREO-HTHS. WTFHOHBIZ2WT 2, HEERZESLR
ERAEE—-BLTWD, LALAFES, 700740 a ORWET, THEFECZFERCEH
MA(—EERE) KA ARUVEHTEH, HEFIZISLEHLWESE2YIaLb-MT2Z2 1
TEhot, HEYHREEE*HELTESLE /OO 74 Va0 BEER, —ANEETH

LSESHLE (MRS, 1884), ZOEFLTHE, ZhAS0oTHEMLEz2ERLEED, Z0OF
WL DBEICEIPEENEABEHBELOZER A EEEEZERONDS. S8, W TF Y
ShyRFrURAARYORBRRECETIHEENRSAEENL D,

KEBERBOEBE -V VOBHIIL-TEELEASKSIERERBOER - U2 (Hosoni b,
1985 ; E B - JUBE, 1987) ICHHT 3, BABRERE (0~ lcn) TOMBEES, BEHE)
COHBEE, FREN 2.04~2.80mgP g, 7.3~11.6ngh ¢ OBET, FREESEERE
(O~1lem) HOFFEEERE, BEBY COHEBEMERE, FnFh 1.66~2.15ngP g7', 6.4~8.8
mgN g OEET, BH#HLE., —FH, FEFEROENHEGE, BEHEESH, BEBUVXEILFH
1.7~2.2ngP g ', 6.0~7.2mgk g ' OBHEHiZH ok, Lal, EHEREFO~2c05H2 10
~3mBpBDOT, HEEEEBO~2cb2niE0~3em@EHELTLNIT, HEBTIEHED
EENICHY, FEEXENEPBAUE B LT3, 2F, EREREFOBEBRERED
HEAEIL, 979D S92 AT THATHEMICH B A, HABIRWEHEXH TV T
HEFPERTNZB LAY —ETHhok. ZOZRIMEY TSI/ b EOWBRTZ vy ADE
HEBCTECEBRBLLLIZ»E LA RO,

R4, THERBICBUIAEEL»SOER, VVOBHREOHEM EREL BIHEL -
YOTHD, ZOEILTIV I AHSHETLIEEE, ERECHEECHY, WMEFTEF—H
LTwnad,

$E, I BIEFHSETMBEESCBWTHEEAEIRALEZIVERSE (EEL, EELHED
BINEHOLNE, FRAIHUTEEREO2 Y VEBER, 0.052ngP /77 (19794 )7 50.0360gP/ "’
(198242) c@APLEN, 70074V ailfEl, 20ug ! THELAY—ETHoE, ZOH
HeLT, WyBREBLIVESG IS 7 P 2OEBRIBFERENER (U BREH MU >
(U vpEg) CELEZEICES (MRS, 1886), H3ialb-VIvggRTe, VK
EZHs0074 N BEOELWETAZEOOALRLS, FIAWELYVRETE A SRR
RUF£TETFLE (H6), ZOEDIC, R¥Ialb-YaVvERE, EdO)BREICMED
BJHOKREELEOREREL-HLTVBLEBEALNS,
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Table 1 Iweput data and parameters for caleculation of water temperature model in Lake Yunoke

Caleulation period
Neteorological data

Inivial values

Volume of inflows

Water temperature of ianflows

Densimetric Froude number
Molecular diffusion coefficient
Eddy diffusion coefficient
Mixing ratio due Lo entrainment

Fraction of solar radiation adsorbed
at the water surface
Radiation extinction coefficient
Shoriwave radiation extinction coefficient
von Karman constantl
Aerodynamic roughness length

Bay 1, 1979 - Dec. 31, 1982

Nikko Meteorological Station

Measuremenls

Neasurements(every day data obtained by interpolation}
Heasurements(every day data obtained by interpolation)

0,25

0.00000014 cm® s-"

0.0000005(summer)-0.0001{except for summer) cm® s '
0.5 ( for Odobu and Wastewater effuluent)

1.0 { for Groundwater)

0.5

0.4 m'

0.02 w'(in ice layer)

0.41 (in ice layer)

0.07 m C(in ice layer)

N £ > YT Ol -
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Table 2 The differential equations and adjunct equations to define the model

1. System equations ——-— water

(1) dAP, /dt=L1, — (o PHDy + po-PHO, ) -C1 +KP, + 4S2- (FILD: PUD, -C1 +FILO-PHO, -Cl +min(UP, ,ON, -C1/C2)-FILO- Z0,
+{J1, +D1,+0UT1, +RENL, +RELP, )/ (l1-4,)

(2) dAN, fdv=L2, —{ s o-PHD, + g+ PHO, ) - C2+ KR, +AS2- (FILD- PUD, -C2 + FILO-PHO, -C2 +min{Up, - cz/c1 UN, )-FILO- Z04
+(J2, +D2,+0UT2, +REN2, +RELN, ) /(H-A,)

3) dPllDildL=(ﬂu_HD) PHD, — FILD-Z0; +SETD- 4, - (PAD,_, —PHD, )+ (J3, +D3, +OUT3, + REN3, )/ (H-4,)

(4) dPEO, fdt=( g o—MNo)-PHO; —FILO-Z0, +SETO- A, « (RHO, _, —PHO, ) + (J4, + D4, +0UT4, +REN4, )/ (1~ A, }

(5) dZ0,/dt=(AS1-FILD-PHDy +ASL-FILO-PHO, +min(UP,, UK, -C1/C2)-AS1-CO/C1 —H; - 20, + (J5, +D5, +0UTS, +RENS, /(K A,)

(B) GUP, /At =16, +SETP+ Ay (UPy _, —UPy Y+ Ci+ (M« PHD, + My - PHO, ) +C1/CO-H, - 0, —KPy + (1 - AST—ASZ )+ (FILD- PHD, -CI
+FILO-PHO,; -CL)-Z0, — (AS1+ 452} FiLO-min(UP, ,UN, -C1/C2)-Z0, + {(J6, + D6, +OUTE, +RENG, )/ (H-4,)

(7) dUP, /dL=L7, +SETN- Ay~ (UN,_, —UN, )} +C2- (Mg ' PHDy + Mg *PIO, ) +C2Z/CO-H, - 20, —KN, +{1 - ASL—AS2)-(FILD- PHD, -C2
+FIL0-PHO, -C2)+ 20, — (AS1+ AS2) - FILO-min{UP, - C2/C1 ,UN, ) - 20, +(J7, +D7, +O0UT7, +RENT, }/(H-4,)

{8) dD0, /dt=L8, +KEXC-(DOS—DO, )-A, +{ o PBD, + s, -PHO, — KR, - {PHD, + PO, })-C3-KP, -C3/C1 — SEDO/H + ( J8, +D8,
+0UT8, +REN&, }/(H+A,)

2. Adjunct equations —---- water

(1) po=HAXuy (T/TOYexpll—T/TO)-{1/LO)-(1— 1y /LOY- AP, /(KMP + AP, ) - AN, /(KKN+ AN, )
(2) wo=MAXeo (T,/T0) exp(l —T,/TO) (1, /LOY-(1—1, /LO) AP/ (KMP+ AP, ) - AN, /(KMN+AK, }
(3) 1,=lo-exp{—(EXTC-(PUD, +PHO, ) +EXTW)-fi- i)

(4) KPy =Kp- 0,772 UP,

(5) KNy =Ky - 0,7 "2 UN,

(6} KRy =RES-¢,.7* *°

3. System equations --—- sediment

(1) Z2- &, -dSAP, fdL=FS8S- &, -APON/ (1 — D, ) —5AP, - @, S, —ABS-SAP, —D, - (1+ D, )-{SAP, —APOR)/Z2+D, - (&, + ¢&,)
- (SAP, —SAP )/ (2-T)+ p -{1— b )-Z-GP,

(2) Z- &y -dSAP, fAde=SAPs_, - @y, *Suy —SAP - DSy D { Py F P (SAP 8BAP (2 2) Dy (D + DL, )
+ (SAP,,, —SAP/(2 D)+ p (1~ &, )-T-GPy

—EH - [T
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(3) Z-p +{1—@,)-dSUP, /L =FSS- &, -UPOW/(1—®, } +SETLP— p - (1— &, )-SUP, S, —GP, +ABS-SAP, - &,

(4) Z-p+(1— @, )+dSUP, fdt=p + (1—®,_, }:SUPi_, *Ss_, —p - (1— &, }-SUP: -5, —GP,

(5) Z- ¢, <dSAN, /dv=FS5- &, -ANOW/(1— &, J—S4N, - &, -8, —D, -(1+ &, }-(SAN, —ANOW}/Z2+D, - (&, + &, }-(SAN, —SaN, }/(2-2)
+p-(1—<¢, ) Z-GN,

(6) Z- by dSAN, /dt=SAN,_, ~ Dy, Se_, —SAN - Dy -Si =Dy (Do + &y )-(SAN, —SAN; . )/ (2°2)+Dy,, - (D + &4y, )
* (SﬂNau_SANa)/(z'Z)'i'P'(l_‘bi)'Z‘GN;

(7Y 2+ p-(1— D, )-dSUN, /dt =FSS- &, -UNOW/(1— &, ) +SETLN— o - (1 — @, )-SUN, +8, -GN,

(a) YA '(l—¢‘)'dSUN¢!dL= (2 '(1_¢¢“l)'SUH|-.'Si_. - P '(1_¢'1)'SUN1'S|’GN1

4, Adjunct equations --—- sediment

(2) Dy=¢,- D, DIF

(3) GP, ={SUP, —SEDPO)-KSED-exp{~ @ -1} B ggp" *°

(4) GN,={SUN, —SEDNO} -KSED-exp( —a -i): 0 555" °°

(5) ABS=ABSO-DOOW/(KDO+ DOOW)

(6) SETLP= = (SETD-PHD, -Gl +SETO*PHO, -Cl +SETP-UP; )+ (As — A4y, )
(7) SETLN= Z (SETD:PHD, -C2+SETO-PHO, - C2+SETN-UP, )+ (Ay —A4s,)
(8) RELP, =(t+ &, )-D, - (SAP, — APOM)- A, /2

(9) RELN; =(1+ @, ) D, - {SAN, —ANOW)- A, /Z
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Table 3 Parameters used for the ealeculation of ecological model of Lake Yunoko
w8 BHoRH REALAENRSA-24 i3]

Ky HEFRagELY > OaRaKER 0.10 d°° 5 4t

Ku FIBRaElEROSMEERR 0,10 47° 5

FILD WSWAs o OBREE (71 0.2 g ¢! L U R T B
FILO WEIs o b OBRAEE (£OM) 2.0 g'Cd" e

451 [ 1k DRI g o ] = B 0.15 - Fyuysv—vay
A52 MAeRE> AR R REOHRENG 0.1 - FyUySL—vay
Ko HBIIv I b2 (FAE OR¥RE 0,05 d4°* TR

4o HWASs s by (FOM) OREEE 0.05 47" B4 1!

L [k i Al B T 3 313 ] 0.0 4" i

RES M5 vy b O 0.20 d7' ¥vUdl—pay
SETD WBTsorr (FA%) OLBERE 0.10-2.0 m d™" e 4

SETO TS oy by (TOM) oLk [ I 3 4

SETP HEFH@LY > ORBEE 0.10-2.0 w d™' 5 48

SETN SN - FJok - 3. 1 0.08-1.6 m d™' 5 41

HAX 2y HW 732 by (548 oBXMLE 1,5 d°" ke

MAX ¢ MBI 0 b (FOM) OoBXEREE 1.0 47 ¥vyuyFr-—vayv
KNP Lk T T s i VI .F - F 1 0.005 gf o™ XA

KNN B rvsrriiaYIER R E R 0.10 gN w°? IRk 48

T0 WY 0 b ORMICH T2 REEE 18C XA

Lo HBZ5wh b OBEBICH T 2 BARE 300 cal ™ 4 FyUSL—par
EXTW AH O Ve £ Y 0.03 n”' WiEd

EXTC HB 7520 b ratoRBERcrrbaeR 0.25 o chla g’ 1548

L BREVUOHRC O ZEHBE RN 1.08 - kA

(e ERIZ e o 8RR 1.08 - FrelSlr—war
SEDO BEREICLIMBHRRE i.0 80, mo A7 i 18

REXC K ST i 1.0 ¢°' Fy)Sr—yax
co BE/ 70074 akh 50 £C chla g i A

cl Uysh0074akle 1.2-0.7 gP chla g* ) 3E &

c2 aBR/ 00T 4N akt 11 gN chla g 3 i

¢3 MAs/roOT7oNall 150 g0, chla g’ FyUyFL—vay
&, ERT I BOBY2THRR 0.96-0.80 - #z i

KSED ERPTOBRMEY > O3 MR K 0.077 d°' ¥y FlL-ay
@ aro BERWTCOBFERTVI ONRBEIIN+ 5HEGH [.10 - il 3k 4

a SRR D MR 1.0 - EFyUFL—ypav
SEDPO FEANLVWERYOU YT HE 0.0013 g g 5 4t

SEDNO GMERLVERPORETHE 0,0035 gh ¢°* i 53z

ABS ERH1BCEVIRERMREK 2.0 d°" FyyFur—-vav
kDO W xS 00E MAE B 2.0 g0, ' ¥FeUyJr-vax
MF BEEbLTOMBER 8.6¥%10°" o' J7 R

FSS YA hvoEEIITY IR Lt et dey 0t d7 g 8

p KRN T o 2.4%10" g dry W' B
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Table 4 Release fluxes of phosphorus and nitrogen from bottom sediments

during summer stagnation pericds in Lake Yunoko

Values estimated from Calculated values
natrients release
experipments
Min. -~ Hax. Average

Phosphorus Release Flux ( mgP n® d°' )

1879 4,0 - 6.8 4.3
1380 3.6 - 6.5 3.8
1981 0.4 - 2.4 2.9
1982 0.2 - 1.8 2.0

Kitrcgen Release Flux ( mgNm® d°' )

1979 96 - 60 47
1980 43 43
1981 28 - 71 41
1982 20 - 44 42

CH<MALE, EHMEFAKODOEER2. 1ng /7' (I hO—)b) 25H8.0mg [T ETHML .
LALARds, RKBFoEEH/ 007 b aBER, J b0~ LOW%RETLHIEDSL R
ok, BICAKE (BEEESYVOHEER) $LTaAE, I hO-EYE 0074 a
ODHRERVETHALE.

LEZGHPSOUVYANEIRICHEL2SE, EHZEAXRTors0074 L aBER, ¥
O-LO78% ETH P LE, |EFEOKOERYTBORBEAFOICO T LV aBER, 2
PO~ WEBERCTHoE, Zhid, ERISEH L EARBEEINBBOFRCEVRKRKEAE
BEAEEDEEFAILAE, LML, BEMACAhERKPOor o074 L aBEOBLICHIEL
TERAO) VIEEEN#ELL, TALECEHEHFHICS T Y v EHEE 3. 84ngP n°°
d** (14 H) MB2.5lagP v * I ETEALE. TORKE, KUEREZHCEBI /OO0
AN aBELERILELZALND,

T ¥ W
KEXESARETOSWELTLBLEWL2EXBLOEFTILILZAEBEBEREZHONILIT S
crRil, BAOKERSHBEOYRETMT A0, BERP TR/ Hedg L LTkRR
EBATTLVEMELE, JOXFTLVE, HE-KRTOKE-KRREBREFNT, BEOY T
EFALMFBRERTHE, KFTORHEE, 0071 )ba, DDEEIONT, ELERHOR
EEREICOVT, HEBLEANBLARL—HLE, 300, EHEHHIEUZER»SD
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on-6 Be#HIFHMAKERICST 2 KELTHEE
Characteristics of Seasonal Changes in Water Quality in Littoral

Zone of Edesakiiri Bay in Lake Kasumigaura

AHEFSFEL - R - HEHEK
Morihiro AIZAKI', Seiichi NOHARA®* and Takayoshi KAWAT®

E B

oI FBACKEFICIS T BKETE RI1084E SAMSI8BFEIZHETHA
., RE#ER, o, vIF, cAHTERLLTREHARESERCT TR 4L
T o BREEMEIOEREATLE, KERANOREES L, ZHIMSHKHELY
WTOZBEOPAANERE, £HOMKESOREHRIZIZEBHOEVELE
Lo THEEST L NE, KEFATDIODT 4 la BE, 2V YBE, BER
RERUVHEZEERIEIOHMBUIBTELLERLE, HAKEHFICES T,
WMEFEEEBFEFIMEIERLATZAIOSEICEY, LHRIERLEREKESD
HIESEBLLYEELE, £HALCEHCIPETRNE B IARECEBETH -
., BEERDEEZSEHEITCHRAVEVWEEZHRFL, TOXOESFEAEEO
EHBEEFAEhok, ZHEHKEDDSBILIDZIEDEBZALNE,

Abstract

Water qualities in littoral zone of Edosakiiri Bay, Lake Rasumigaura
were surveyed at about monthly interval duripg May 1984 to Dec. 1986. Two
stations in emergent macrophytes (Phragmites, Zizania, and Typha) zone,
one station in floating-leaved macrophyte (Nymphoides peltata) zone and
tow stations in pelagic zone were studied. Water gualities in aguatie
macrophvtes zone were characterized by the accumulatior of a large amount
of ¥icrocystis sp. which was brought from pelagic zone by wind during
summer to autumn and by the accumulation of abundant dead emergent
macrophytes in winter. Chlorophyll-a, total phosphorus, particulate carben
and particulate nitrogen concentration increased in summer and autumn In
the aguatic macrophytes zone. On the other hand, disssolved nutrient
concentration increased in autumn and winter due to the decomposition

1., EMAEWEHR KELSBREL T30 KHEROEHAF/I6EL
Water and Sojl Environment Division, the National Institute for Environmental
Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.

2, EEAEWMER L£HBEL T30 RHEBROLLIHAFNIEES
Environmental Biology Division, the National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.

3. EAEWER HRRME T305 FEEEoS IEHNAEFII6E?R
Chemistry and Physics Division, the Naticnal Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.
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of the accumulated Microcystis and dead emergent macrophytes.
Dissolved organic carbon concentration showed high values during asutumn
to spring in the emergeni macrophytes zone., High molecular weight
dissolved organic matter remained in spriag. These organic matter
seemed to be decomposition products of emergent macrophytes.
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B 1 #EEES

Fig. 1 Map of sampling stations in Edosakiiri Bay
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Fig. 2 Horizontal changes in average values Chlorophyll-a in each season during
dpr. 1985 to Dec. 1986 in littoral zone of Edosakiiri Bay. (@), spring;
(&), sunmer; (O}, autunn: (A), winter,
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I BREHIIPTSENNERSE (POC) BEDAEEL
Fig. 8 Horizontal changes in averge values of POC concentration in each season
during Apr.1985 to Dec.1886 in littoral zone of Edosakiiri Bay.

(@), spring; (A), summer; (O), autumn; (A), winter.
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Station No.

4 FREMIIBTI2EHBETHRE (DC) BEOKREEL
Fig. 4 Horizonttal changes in average values of DOC concentration in each season
during Apr.1985 to Dec.1886 in littoral zone of Edosakiiri Bay.

(®), spring; (A), summer; (Q), avtumn; (A), winter,
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B 5 &FHcscEHBHEEESR (PON) BEORTEEL
Fig. 5 Horizontal changes in averge values of PON concentration in each season
during Apr.1885 to Dec,1986 in littoral zone of Edosakiiri Bay.

(®), spring; (A), summer; (O}, autumn; (A), winter.
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Fig. 6 Horizontal changes in averge values of DXT concentration in each season
during Apr.1983 to Dec,1986 in littoral zone of Edosakiiri Bay.
(@), spring: (A), summer; (C), autumn; (A}, winter,
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Fig. 7 Horizontal changes in averge values of TIN concentration in each season
during Apr.1985 to Dec.1986 in littoral zone of Edossakiiri Bay.

(®), spring; (A), summer; (Q), autumn; {(A), winter.
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B 8 BAFEMIIEIF2EHLUY (IP) BEOKTEE L
Fig, 8 Horizontal changes in averge values of phosphsrus concentration in each
season during Apr.1985 to Dec.1988 in littoral zone of Edosakiiri Bay.

(@}, spring; (A), summer; (QO), autumn; (A), winter.
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Fig., 9 Borizoatal changes in averge values of DTP concentration in each season
during Apr.1985 to Dec.1986 in littoral zone of Edosakiiri Bay.
(@), spring; {(A), sunper; {Q), zutumn; (A), winter.
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Fig., 10 Horizontal changes in averge values of PQ,-P concentration in each season
during Apr.1985 to Dec.1986 in littoral zone of Edosakiiri Bay.

(@), spring; (A), suomer; {O), autumn; (A}, winter,

FEHDTHZTHYESIA»SO0AICHATITHML, ZAKREIOREREEIELLBTTS
(BFE S, 1983 ), TAheT7HVHFRLARI»OBERH I I TEBLAEERELLVEEA T &
W, ZOZERKAERNICEEFILREATEY, £EMSEYHICHAT T FTHYFEIOKRE LW
HOMOAKEEZEIARETH -, PHHFRSHABLE AU TRAERBIIE-THERL
BTy, EHPOHMBIIATTINERLSBFRERI I UM L2, Tb5EHH
BB AT TR YETEROERPOUBIEZS (FHS, 1986 ), ULAaLAadd, &
BLRMLTREELREERHA LYo, —F, HMAESORERISEASILALC M THEIIL
1ZE2B 2RI THEALLT, BUSEOBRFREXEZEIC LS (FES, 1986) . HiAHEY
REAFVTOEERESIVATHZITHERBELR2W A5, EEZLEEFBPORTTENRE
HIZAS 2 AL TEAL, RFEAEZVHL TP BEA NS, MAKBEHDHTOKE
EHERDZLT7ATHROKTREDHIEIWASKBEICHNL T IALBPIIREIENEER
EEOBETTHLLTWS., ZAIHLEFOCUVOERRHMEL»OLAPIITVIBEERLT
W, LEAT, MEOXREREOMMILERLEYAIOFTRIZLZEDEEA LN, —
B, EHLEVWBERRLEOEMAMYOSHIIERN T2 X REERIILZIOLELSN S,
IDOZLBHFEEARLEAHAKEDPRLHABRI TV IAAL QB ITEHIRICEVWRELER
EERLTWEZERSERATESL, BEABRRBIC-OTEIBYETHRELR#ERLE., 2
DZLFETBEOFBHIEZIIRERLINTOLN, HABEDHROBTF THEBD LR
DRMGEINTERET S (Yertel, 1983) HMAERKMUEKELZEAOADS., R]1KHAKED
WEBILET S, BANBELL VS TFESELERD AR EEBRERERUITRZFIUT®
BEAERRBE, RUZ0LDZHe 25T, EHOSALRLFRZHUTOES FEER
BMEBTI% EHVDILRL, LB TR IOEGHFT LB FHEDENEML T, EHIT60
~63% ¢ ABLrEHOTHIN LTSI ok, ZO0RRY, HAEDEROEZFERY OB

- 121 -




FUSFE, - BRI — - 2R

MiahiahEginanwZ 2 2F3B T30 BbhE,

® 1 HkEYHEBIIBT 228 FERKABE GH/AR) RUSFRE2FUTOERE
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Table 1 Coneentrations of total and below 20,000 moleculer weight DOC and ratio of

the latter 1o the former at station E6 in each season during 1885 to 1986,

X Total DOC DOC<M.W. 20,000
Time - -

mg-! % mg -/ %
Jul, 1985 5.3 100 4,0 63
hug. 3.4 100 2.5 74
Nav, 5-,9 100 3.7 63
Jan. 1986 4,2 100 2.4 57
May 4.4 100 2.6 80
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in Lake Kasumigaura
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YEABEFERIC.0P 0 THok., ZhSOEEI S KEHDOEROREER
EBIZOWTERLE.

Abstract

The role of aquatic plants on nutrient cycling was in the littoral
zone of Edosakiiri Bay in Lake Kasumigaura during a priod of one year fronm
May 1984 to May 1985,

Phosphorus concentrations in emergent plants, i.e., Phragmites
communis, Zizania latifeolia, and Typha angustifolia, were highest in
¥ay(0.28~0.31%) and lowest in autumn (0.04~0.15%). Dead plant contained
lesser amount of phosphorus : 0.1% fer Z, latifolia and much lower for
P. communis and T. angustifolia. Phosphorus concentrations in a
floating-leaved plant, Nymphoides peltata (0.08~0.4%), was higher than
the emergent plants. The highest concentraticn was observed in late autum.

Sinee the maximum standing crops of emergent plants were 15~27 times
higher than the floating-leaved plants, both phosphorus and nitrogen
satnding stocks were higher for emergent plants. The maximum phosphorus
and nitrogen standing stocks were 0,6~2 gPn™® and 9-2bgWNm™°, respectively,
which amounted ca.4% and 5% of the respective phosphorus and nitrogen
standing stocks in the littoral zone of the bay. Those for floating-plants
were 0.1 gPn"® and 1.5 gN¥m™® which amounted 0.5% and 0.2% of phosphorus
and nitogen standing stocks, respectively, in the littoral zones. The
amount of nutrients removed by harvesting were discussed.

1 BFL&IC

BMEOEXRBELEABEIINLDEREE (BINED) A4bh3BELVELSVHE, DEUE
MIEoTEZY, TOBBIEETH2. BEOKIUREE I REECLERLEEDEOR
BOWE, ROZHRBOKREE, RATINKOEBEORZ R YFERBLOEEICH MDD
Twa (£H, 1984),

BEFEOREAEEBORBKICERTIREOE VWL, BINEFERELIVEREL, &
BORLOEREIEEZEBORBEILRAEZL L L2EANSES, BEL I o TXHREDELLEBOD
EITICENRNT, BERLOBEFFTELTESEY»HD (FH, 18974) AFoEBEI+IIEHLH
IELTHE W RN,

KREEYBHETE, KFOR+ORBEIEYPEIIRN I nBEREEEH, EHFETEIEL
FEE, EIZARPIIEHRBL, BUHEHFARNTD., TORORBENBRFICHETD2HBEAN,
BEOLWESICENTE s (£68, 1877). MIAEDIETENICHBLTIVWEED,
WA E 0 EERBITEL L, Sculthorpe (1867) RAEMHOBERAF L BHBOEELOH
%i:aw’c’@ﬁﬁ'ﬁt’&l; Sastroutomo (1882) BHRER:OHEBRLI 20 THA, FHRS(1986)1F
EBOBMHBEELEHBICODOLTHOMILTHS,

REMMEE EEBEICOWTIEEL (W Aid De Jong, 1876 ; Reddy, 1983 ; Reddy, 1984 : H 1B
» 4, 1986) LHE (WA Kistritz, 1978 Barco & Smart, 1981 ; Landers, 1982)0# &
THEEMDRUBNTVES, ZORRNIERALRBOBLWPEREFo P LHHOoREND
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ZUREBEDRVWOEEEEEOR R EHNHT O, EROHRSLBELEAZETRE
hoDNEILEERZET S,

FITCAGEEEME (FHS, 1986) LA EHESKEFOAXRLBECRENEMZ L O A
PHREMYEFLILEFAORREROFHIOVTHETEN -,

2 A E

EEEIB s HIIABALSBNTISSIES AP DHINBES AET, Hl1AL 2@HOHETH > ~.
REORZBWREHS (1988 OFEILE o E.

EBE(ECH) BEA4cn®7 7 VLN TTRAFENCRRLERERLE. FEEN
(0.5~10°%) GMY B RiEkESg (2, T3F, EAHT) OB LEE 7HFIEHEERI8S
CTEBICZZETHBRL, L, BiEH, 20 EPERUVEHOERLEFRE CHN
d—KF— (A& KT-3) kU flELE, MYGERUVEROV VEERAEQRUTORECE .
EHERUEEOY Y LR 50ng RU lg HBEICRY, BHEMATNSRBERSR . @B
(4:1) BEMATIBOCTMBLTAELE (BB KA, 1983), BHAKTHI]RL GF/C 7
AR~ T A 1000l ELTEVIFUEETY VEBEREATRELE (JIH, 1881),

3 # R

A, BER. KEBSOLEER, AhEREH, AMNEBHICOVWTHERS (1086 »F#EE L,
BEAE, RREFELYOKE, BTSS0I E, SAEEERE, -REER, HER, B9
FS5u s hEBIZOWLTIRERS (1886) AERICHELE,

3.1 RECERSHFBOEDEL

WHERIIEREO5H 58413 > (Phragnites conmunis Trucz) TEBERD43%H S 48
BOBWHATHELPFTHROVERICIZB T2 —~ETHok, $IF (Lizania latifolia
Trucz) ORRERLEFTOHN 2 41~45% TEHELTE, oL, B AHT (Iypha
angustifolia L.) O&E Yo —h (ZELERZEDEEZLD) i 4~47%, BEVYa—-bEEN&L
DR B IT~40%DRRERFHVEFELI 2o, —FH, 73 (Nynmphoides peltata
0.Kuntze) FHMAKEH L IR R REAY, ESIF 15~8%CEIEF—F, EFLZFTIELIVEIS
~1B%TEEEAREN ok, THYYORTHRZSEIZHTELLE IR TRERLELLLZ
A48 %TBEEh oL, EEEPERLRIFOEKIIH-T, 6 AKLER 286% TIZAIWLHKE
Cd3%eioi.
HARSETOERIEOETE( IR LE, ~RAUERL LTHEAEDOERSER
A~5BUIBIBCRIETHACETLIWE, Vva—t2GEOEZREREE, 22T 2.9~
0.8%, TIEIR 2.8~1.6%, EAHTT 2.4~0.9%ICELE, IVOEDCEHTREIEEX
e 2~38ElhoTinE, BELAEYaA - FPRIIVT 1.2~0.4%, vIET2~1.1%ERA
HT T 1.3~0.6%EFHMIHAICHELLE, SVOEE, BX, HECHHZSELSFLR
FEEAYRLETHY, LAATOEKE YA~ PRKICELAYALBEARLE. —AvOTRZ
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Fig. 1 Seasonal changers in the pitrogen concentration of

P. commyis {a} , Z. latifelia (b), T. angustifolia (c)
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Fig. 2 Seasonal changes in CfN ratio {a) and the nitrogen

concentration (b} of N. peltata
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Fig. 3 GSeasonal changes ip the phosphorus concentration of

P. gommuis {a), Z. latifeiia (b), T. angustifolia (c}
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Fig. 4 Seascnal changes in Y/P ratio (&) and the phosphorus

concentration (b) of N. peliata
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WORDA—F-NAC LAY, HABBERROAE ABRETHEESA DAL, DT (&
GIERBER) & TIC (2EWER) 2EDEBE 3.0~5.4 g0 n K OBI~ET% & 72 1), A
WIS RUEEDHE SS (BER) OBEEZ<bINThHo R, THICHEWE SS &5
STRALL—FEBEVWETh -, PHYHTIZ SS @ 1.4~3.8 EORBAFHHILEE (E
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Table 1 Mean growth rate and mean decomposition rate

(%) ; no data,
Mean Growth Rate Mean Decomposition Rate
{mg-a"-d~") {mg-m~"-d™")
APR ~ NOV , n=7 DEC ~ MAY , n=4 or 5
Dry N P Dry P
Weight Weight
2900 3 -0.5 — 1800 0.1 -0.8
Phragmites
communis 7200 a1 5.9 -430 -5 -0.5
6100 92 8.0 =4300 -84 -4.9
Zizania
latifolia *® *® »* »* * »*
6500 40 3.9 -3800 -40 -3.1
Typha
angusutifolia 7400 75 7.0  -1100 -15 -1.3
210 g 0.4 3* 3 ¥*
Nymphoides
peltata * 3* 3 % »* *

Upper Row : The slope estimated by the harvest method
Lower Row : The slope estimated by the change of the average-

sized shoot

BOD 0.5~2%) L, BEBRER:ACLALTH oL, HEDIHKEDE L ERIZ SS &L
BUA—FEENETH 2, METRATDIESLD SS ELTEELTHE,
XIRPBROBFROLRTH D, BEE (FE230emET) 2 330 X0 BELTWA0ILH
LT, HAHESCEIBTHEZLTE 1/10 OMNS0 gh-n X LA ERLELR TS,
EHEZBRTEWEHRAOARELREBRAETHIZ ZEIZEEDL WY, SS HABEIH EEHO I %LUT
THd, BFEMPHEOTHTOERT SS IVEDPLEVWEETHD. REE, BELELIIH
BEOC>® TIN (2288 BER) OHER 74%5 2. LInHEO TI¥ J21%ba0 79T
22%, BKEPETIZINRETSE> £,
RATRVVOREBIL SV THEL AL, BRKEHHEER (BE50enE T) ICEH 30gP-n°,
WARHEBIZIOREELT, PHYHERICED 13gP07°, FHHFIZ0.3%DV VHERNE- =,
SS ILHAKENH EHD I %UUTTHY, FHHELEERCATEELTILE., UVBRKEE
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Table 2 Carbon standing stocks of emergent plant zone, floating-plant zone
and pelagic zone

(gC-m™ %)
MAY UG 0CT DEC
P.communis® 184 657 724 356
E.]atifolia* 127 357 533 411
Emergent T.angustfolia® 188 496 702 580
Plant
Zone Suspended Solid 0.80 1.27 2.36 0.82
Periphyton 0.17 0.14 3.5 0.56
Doc 1.23 1.22 2,58 1.72
TIC 2.67 2.94 2.52 3.72
Substratum (<5Ccm) 2300 1840 1810 2080
Floating- N.peltiata 4.41 11.10 18,49 5.93
leaved
Plant Suspended Solid 1.41 3.96 4.83 4.36
Zong Periphyton 0.21 0.26 0.12 1.21
lele 2,15 2.64 4,02 3.53
TIC §.20 7.08 5.60 §.88
Substratum (<50cm) 760 1300 1150 1110
Pelagic Suspended Solid - 9,62 - §.30
Zone poc - 18.46 - 10.75
TiC - 32.34 - 23.43

Substratum - - - -

% :standing stock of aboveground
% % :drift of blue-green algae
— :no data

WEHAIIEIZELS DOP OXRURTTHo-. HkitsE, 7 ¥FHEKkbDU O T0~80%,
FORDOY D 60~80% M S§S Thok,
ErLICAMATTRKERTOSSOESE, BR, VriEgEmiicdalok,

4 E R

KEBUOLGBRSOEHERICSVWTRESLLOFRSH Y (B AW, Dykyjova, 1978 ;
Brock®, 1983), YA ORBEBEOBERBFAG L RALKIT IR —RICLOESTY
EhhTnd, £k, RTHODZ2ZHLE0MPEIHRVORBELHTHELSERLTVT,
HEHILEREIAEY YOS PHRTHELPSEREAEIOTRUIKETHENRLLHAS D
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Table 3 Nitrogen standing stocks of emergent plant zone, floating-plant
zone and pelagiec zone

{mgN-mn™ %)

MAY AUG 0CT DEC

P.communis* 10900 17600 15300 5570

Z.latifelia® 8060 13600 13200 13700

Energent T.angustfolia® 10750 12000 14700 10600

Plant

Zone Suspended Solid 140 330 430 130

Periphyton 33 28 710%* 30

DON 111 162 151 177

TIN 155 6 22 509

Substratum (<5Ccm) 360000 283000 315000 351000

Fleating- N.peliata 260 47¢ 1210 330
jeaved

Plant Suspended Solid 260 4180 850 310

Zone Periphyton 38 28 20 156

DON 183 281 314 263

TIN 3561 5 75 258

Substratum (<S0em) 96000 197000 194000 185000

Pelagic Suspended Soiid - 1560 - 1000

Zone DON - 1250 - 102¢

TIN - 340 - 2810

Substratum - - - _
% : standing stock of aboveground
3% % :drift of blue-green algae
— :no data

#= (Preniki®, 1987), # LA ORBEFEREFTOEMIETH, EHL RO R ERTH
BrEALN, EFBRECHILI->TED2TL 3, KEEPLEREBE ORI E NS
(RHDEEH) RO VNEVAALATHESrENndI I HAHEICZATEE (AL, Carignan
& Kalff, 1880), FARKERZIRKEEAWIILTHE2HMBELTWE2ENIZETEHD. £
LTELHEETEZLEASRYUABALS, PR IBZHMBIRYRAATHWLEEZLON TS,
BEHEAOBERLEHRICIOVTIEADEEIL, HELTIRBELZIL L2 HD I AEE
BOELLUMEZZADPTERSTL S, ELHEYIFIERILZNZESOENIEBDOEE
DEBE 22D 0APER TV EEREEADTT NI IS (HRKERES, 1978), KRE?®
Bt WSERITREERE D R UBLLBEEN TR YN EVWREHEFZLNT S,
LA LBERABEToMEMits2< (Vicent & Dowhs, 1980 ; Howard-Williams , 1982), &
DIEEPLIBRERIVBEETERVIE, LGB LIKFLBURA L 0OHENID D, K
HOBERAOHBECIVEREZ»ERZESLLTY, EHOBE V- LHIIREROERE
BPLTBLZTHOEFRRILEHHLIVWREEAONS (B8 £5, 198),
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Table 4 Phesphorus standing stocks of emergent plant zene, floating-plant
zone and pelagic zone

(mgP-a"%)
MAY AUG 0CT DEC
P.communis* 1100 1000 1250 380
Z.latifolia" 75 1440 2280 9aQ
Emergent  T.angustfolia* 1160 1250 1410 730
Plant
Zone Suspended Sclid 14 18 kY 12
Periphyton Z 4 e 11
DOP 4 5 7 4
PO, -P 1 1 1 2
Substratum (<50cm) 1300 72000 3000 29000
Fleating~ J.peltata 23 31 683 21
leaved
Plant Suspended Solid 16 40 83 26
Zone Periphyton 1 2 1 7
bop 2 11 31 8
PO, -P 1 1 1 4
Substratum (<30cn) 12000 16000 4000 21000
Pelagic Suspended Solid 157 187 - 53
Zone DOP 20 9] - 40
PO, -P 5> 5> - 3>

Substratun - - - -

* : standing stock of aboveground
¥ % : drift of blue-green algae
— :no data

FEOLIERBZHLHSORIEAZTLEEZIIEHRLTIOI S, EHRLZOERIZESEZSN
NOBRECPACFILZIDRENFLETH S, £H (1985) REEWHABTH2BOWD 50 had
SEEELTESR 1641, VY LRl LYERSASERVRWTwALEELTwE, B
UAERER (1984) B HWEAYORBEAROERTRFATAABREIIEI S TRKEOR
EHhHoN, IWCHMTERL LT $.7~7.53 g8-0°%, UyeLT 0.5~1gP 0" 2BRETED
CEEHEBELTWS,

AFADLSHARKEDFHLSBICABLUTARIERTLHIZ, BENEN ORI EBEROE
EHMERESRND AN o, TRLBEERICANC, TIE, IVYTENEHL I, 25,
12gm’, UXxEhEFhHh 0.9, 2, 0.6 Pgn "L TEDLHEALNS, FHH T 1.38g 0",
U2 0,09 Pg-n " TH3., BIEBELHEZNTVERTAFTAA LEAZLHAERIERD
RETESEA T LOBE N2 ZLABELOMIIR &,

#wER (1984) DHELINWEB - BHOSMBEAATEY T-N T 2845 vy, T-P T 253
ty ' THD. MHE (198D KHENEBrEOKERDBEOREMN (7.47kn° ) B#H LK 0445
%THY, TOAMKEHRER 3.2k TH B, APFEIZE VL AFT, v3IF, 2LOFEYH
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EER (BEH) 215g8-07", 1.2Pg 2 F 2 BrBEHDS 45.31 OBAL 5.6t OV VER
VRS Z & HTE, oISy HOEMBEARTRD 1.5% (HHE), 1.4% (V) IKHY
T35, FEEHBOZTEBEH 7 H FIT Brock5(1983) % Van der Velde® (1979) OHERD1/9
BB LEroEOT (FES, 1986), Brock® O (4.7g¥+n%, 1.75gP'n" %) kW £ EH
Bihahok, BrEGEAOEVIIBAEAERY 300g-n° (Tsuchiya & Iwaki, 1983) T
Hy, TOBROERL ) COBEEER 4.2 (gN-n""), 0.8 (gP-n")bEETHhE (BB L5,
1986), LEAN>T-BIBEEHOBRARERII4I~5 @80®), 1~2(gP " ):EAbh
. BEESEEE 0.80kn* (REH, 1981) 32k, BAHMERIT 3.61N, 1.2t1P L HESH
WrEOEMBEAATE GBEM, 1984) 00.12% {(8#) £0.47% (U v) &y, MKk
IV - EEBVWEHES L,

REEODEFLA LB IAFEOFAERKIIFTLBEOL Y ENYRAEL, RFA4A7HAI2E3
BUHEROIODLBETBUREHEAA T L RSB ATEL B2 505, MREHOA UE
VOAFILHTHOMBRLEHDOLBELR2HITL, REBOETUXEQLWREEILN VRO ITAER
CEAHGEREILIBENTERZTH DD, 4%, MYBRVEE2EHERERDOETERE
EHMYE - EEPEOMEORESNLEIIR>TL2EFHEEINS,
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o0— 8 oM IFBRAKEROEERUMAEDY
Benthic and Epiphytic Macroinvertebrates in the Littoral Zone of

Edosakiiri Bay of Lake Kasumigaura

LHFRT - BEER - FEE- - L8ERT
Ryuhei UENO', Toshio IWAKUKA', Seiichi NCHARA', Takayoshi TSUCHIVA®

BE B
BrHlFBACHKEDRCEEEYHOE LI ELTOIHSET, 1884FE5 A D
L1985 0 AETOHM, E4REUMBOAYESHEGORERRURBER 2 H
HELE, ELSHHE, HAKEDPECHIRAVGTYERFANI I AN, BE@DE
TRHIoLE, ZAVHHARTA PIIARBELE, WFThORAETLHER
BEe~THUILEBHBERLZABICEY - 25 RLE, 22V HHBOBAXHEERL
WA ETL,4700g 0" ", BREEHE TBng 0T, TOEIZIE Glyptotendipes
tokunagal AELELTHE, A MR IXDRABEFERIHNEYHE CL,760mz 0",
BEMYPH TE6E-n", TIATEOENRFEREHET 280", SEWEPHET
18Tng 0" Thok. FHEBHE, WThOHESTELIAVNPHERTSA I I X
FBELE~TRLBERRERER R, AU HHBROERBEER I, MA@
B HE T3 440ng-n"?, BEREYHE TGz 0 THot, BEREEEHADE TR
G. tokunagai, FEMHE T dCricotopus sylvestris Thok., 1 NI I XOH
KEAFEZIISL. I TElomg-n’, $1.2T3ng'n” Thok, Bro¥ESHLHSIEG.
tokunagai, C. sylvestrisB UF0rthocladius glabripennis 2 TIMED LA U
hREaInE, BHILEATEEIBEE CH A EBR Pk,

Abstract

Seasonal changes in the density and biomass of benthiec and epiphytic
macroinvertebrates were studied at two stations in the littoral zone of
Edosakiiri Bay of Lake Kasumigaura monthly from May 1984 to May 1985.

Dominant benthic macroinvertebrates were chironomid larvae and
oligochaetes in the emergent-plant zone (Station 1), and amphipods,
chironomid larvae, and oligochaetes in the floating-leaved-plant zone
(Station 2). The biomass of these macroinvertebrates reached two peaks,
the highest one during June-July and the other in February. The maxioun

1., BUoEFEER AHB|EY TII00 mWHE > EHEAFHIEE2
Environmental Biclogy Division, the National Institute for Environmental Studies,
Tsukuba, Ibaraki 305, Japan,

2. WBHED, 618E BEIAEWMEFZEZEWEER (AEAZLEUHE2R T REROKE
mEIEHI-1-1)
Visiting Fellow of the National Institute for Environmental Stidies. Present
Address : Institute of Biclogical Sciences, University of Tsukuba, Tsukuba,
Ibaraki 305, Japan.
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biomass of benthic chironomid larvae was 1,470mg-n"° at Station 1 and 95
mg-n~® at Station 2. Glyptotendipes tokunagai was dominant at these two
stations. The maximum biomass of benthic oligochaetes was 1,760mg-m™ " at
Station 1 and 66mg-m at Station 2. That of amphipods was Z28mg-m™° at
Station ! and 187mg:m™® at Station 2,

Chironomid larvae and oligochaetes were predominant among epiphytic
macroinvertebrates at the two stations. Dominant chirenomid was §.
tokunagai at Station 1 and Cricotopus sylvestris at Station 2. The

at Station 1
"* at Station

maximum biomass of epiphytic chironomid larvae was 440 mg'm
and 19mg-m™* at Station 2. That of oligochaetes was 215 mg-m
1 and 3 mg'm™*® at Station 2.

Nineteen species of chironomid adults, including G. tokunagai, C.
sylvestris, and Orthocladius glabripennis, energed from sediments and
epiphytes collected from littoral zones of Lake Kasumigaura during 1986;
only three of them ware common to pelagic nine species reparted so far.

1 RBLaic

HMIBEBORESEOELBSICE L TIiL, Esron # (Jonsson, 1885) % Loch Leven (Maitland &
Hudspith, 1974) A Y OB RFE, BB AESH (Kikuchi & Ito,1875), ¥ 4L# (Wilda,1884),
BEEMYE (GHEE- %%, 1982 ; Kondo & Hamashima, 1983) S THEIREHLTWI, Ll
RASHBILEATEREY, BIKEFOEFHGDBREICHTSIRRIIZEL Ry (Ohuaka &
Morinc, 1986}, MrHUBAKE Tn, EHKFL 0B LE2EHIBELINBTOEREH UL 2ED
AEOIAVAFBES L EHHAERRCEERIFATN 13,70 R 30.68 0" -y &N
(EMED, 1984), ZOWRIDDASRAVIER SEVOEROFLRVELBERE . KEH
W KA 4 A2, 0kn®, BEHEMA0.8kn" 2 A, ZTHIHERDETLAFTNI.E%E0.0%ICHEET
5(fH, 1981), SHOWATE, IFBAOHKESERVEREEDFOKEEFESWEL
HEEEHLMILE, KERVESGOSFIOWTEIHFES (1986), A UCEY T2 b L
HEBEFO—REEICO>VWTIERENS (1986) tHEZLTNVS.

2 K &

W, My BIEHA (H1) CHEWTISMESHASINEIAETAL~2E8T oA,
St. 1k ANT, Y, TATOHMAKELHRIL, St.2R7HH2BEBLTHIEEEDPTIIR
HE, KBSt 1 T0.2~0.5m, S$t.2 T0.6~1.0nTHof, St.1, 2LELEERBBHTD
Y, FOLEICKERDOBRAEESEOEREEFA-0E LTIV E,

St.1 ¥St. 2B AT, LTIy - N—UKESHE (15coX1den) BEEFHI0cnE THLAA
TREERIHFILTORBL, 10%RILTY VERTICREL, $#H, BARKEBERUTNYTF
VoF 4 v TAREEEEBYRRVELE, 2k, KEOHFEHHICOVWTE, 0.02~10°0
ARS - hHOKEEHEAUERY, ERBILHLERY, —HOoF I NEZOWTILFEEHA
WTREHEDRTEEBRL, FHEPERERPIIHRVELL, X3 OWMTA2BLEAER10%
RLTU VEBREICREL, #H, ERFZEERINYFY-F1 I TREEFHEDER
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Lake Kasumigaura

Edosakiiri
Bay

Y 1 HAELLAR

Fig. 1 Map showing sampling stations

Lk

IZAVAOBRORAERGETIEELRED, RYOKEEN TV ILVEAFO-LEBILHK
KEARLLDRANATERTHEHTONHEBLAAETL, AL LEREZZERLIO%T R J -
NWICRELE, £219868E5F, 7TH, RULLAICRByBOBMEILR > THSknZ 2IC2341 5
ERY, EELRKEMYAEDERRL, AUAETIAVIHREEAAFTFLAEZERL .
BONERBOBOTF- X222, WRAORHFAFABZIB >V THEBLERELE. ¥k, &
BORBEHF AV EOL SV THLESBICOWTRIBETHAAR, YEFSZEHBHILSIBLNLIR
BOBrAMLEHEE.

IANHBEEER, 3, ARIKOWTHELE, BERERAUTUVEBLIAVIORE
MELO0.19 (HRES, 1984) RFUTHEL =,

3 3
EESHIIOVWTIRSL.ITRIAVSHBEREYARI I XN, St.2TH, It -2AY
HOHEFA FPIZTHFAEHELE, St. 1, 2 PELIAVNHEHEAEFRE A I I ARERI
BEERETH L. EVIIZEMNE (Anthuridae) REABSNENEE - BHERE &L 2h
ok (1Y, 2aAVHHHBEERIT Glypiotendipes tokunagai AELETZ26~T7TAICE®H L
724 St.1TL1,471ng 0", St. 27T 95mgen’ THok, A PIIXARMFERELE6~TRAILERL
729 St. 1 T1,76lmg-m™*, St.2 T 66mgra”’ THok., IIICVEFRR T~8ALERLE
Y St,1 T28Bng-n™%, St. 27T 187Tmg'n™® Thort(F2),
H3LELHPIDIAVHFEEROS, sRYEFEOFHELERL L. G 1okunagaiid
B~T7EBILAEHETHTE, B0 SLLI THEICBESLT W, St 2 TSt LICHERTELL

- 143 -



LEFET S
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Table 1 List of macroinvertebrates collected from the littoral zone of

Edosakiiri Bay of Lake Kasumigaura during May 1984-May 1985

Substrate
Epiphyte Sediment

Taxa

MOLLUSCA
Ferrissia nipponica Kuroda +

ANNEL | DA
OLIGOCHAETA
Naididae + +
Tubificidae +
HIRUDINEA
Erpobdella sp. +

Glossiphonia sp. +

ARTHROPODA
CRUSTACEA
Isopoda (Sphaeromidae) +
Isopoda (Anthuridae) +
Apphipoda (Gammaridea) + +
INSECTA
Trichoptera
Orthotrichia sp. +
Lepidoptersa
Nymphula interruptalis Pryer +
Diptera (Chironemidae)
Chironomus samcensis Edwards
Cryprochirononmus sp.
Dicrotendipes niveicaudus (Xieffer)
Glyptotendipes tokunagai Sasa
Parachironomus arcuatus Goetghebuer
Polypedilum spp.
Tanytarsus spp.
Cricotopus sylvestris (Fabricius)
Orthocladius glabripennis (Goetghebuer)

_|.

+ + + 4+ 4+ o+
+ 4+ + o+ + o+

Lo, TNTLTRAOEER SL2ZLBH 2RO LOBOBAERE IVYEE o, =
B, I~5BCRHIIEIFNBONEN, SREFBENEOREA~THOMEE o, Ortho-
cladius glabripennis 1 ~3 FOLMEMESLE, ZOBHICK, FHrOBITEIXALAL
hizghok., Bi&d, SREFIENEN1I~3A, 2~3 Filabhiz, ZOBL SL.1OFH
St. 2 FULEENEVA, C. tckunagaiB KELETR Mok, C. sylvestris 35 ~8 A
Aaoh, ZORTHE, 0. glabripennis A&, St.1 & St.2 ORTEEOZI a2
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Fig. 2 Changes in the biomass of major benthic macroinvertebrates at St. 1 and St. 2
{——) : chironomids; (- - ) : tubificids; (-+-+): amphipods.
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Fig. 3 Changes in the density of 3rd and 4th instar larvas of maijer benthic
chiropnemids,

{(—), 3rd+4th instar; {- -), 3rd instar.
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LEFEF S

7. Chironorus samoensis® 6~ 8 AiC& B4, G. tokunagai [BIER, St. 1IZEEASt, 21280
TRFLL LM o7, Cryptochirononus sp. R S5~9 ElcaSh, OBy BAYSt. 2108
WTSt. 1l FYBHEENELhoE, 2IAVHNPEFBIHLN L OFHFRLASTLE, 285,
E~BARUI~3 AOEHEORHRBICITZATNG0. tokunagal R UTF0. glabripennis® 2 B4
HAEBHMASNE,

H4lhkERYHIBEETIRBOMNEHHORERTOEH = RT. St.1, St.2&HiZ2
NHERCA DI I XAFELELE, EMICRSHE (Sphaeronidae), B, EHHEHH, O
BEBGHZENESAEAOTNLEE -HERLEEAM o2, 22AVNHHEFER St ]
TidG. tokunagai A E LTS5 ~6 AILEBE LAY 442ng-07%, St. 2 TIEL. sylvestris HEBS
T35~6 AICBEEL2YU10mgn" THolz, f FIIAHERIS~TALETF L2 YSL. 1
T215mg'n®, St. 2 T3mgn " THoi=.

HSitfEHHHNOIAVAETERDS, 4 MSHEFEOEFHA/IERLAE. G. tokunagaild
St.1 TREAEHRLICEEICESLTLWAEW, St.2CREEAEHON Mo, C. sylves—
tris WE~TAICASKE, EEPLEHS G tokunagai kA St 1 LS. 2DEEDEZ /NS
S/ of, Dicrotendipes niveicaudus i 6~ 8 Aiz#a b h, (. tokunagai FHE, St. 1iZHA
SL.2IKBNTREHRFELI DI,

Z2AVANMHEEYISRE2OHERLALELE, d, S~TAOEEEORIEIZIG.
tokunagai & UFC. sylvestris@ 2 @G BmABH AL Hh .

F2ICIBELIRyrHLBOAEEIPOBOIA LI AV IREERTRT. EERUHEESD
SREPTIHMOBEELERLE, ZOUVAMLIFBATELOAEHHEITEEIFL AN
.

St.1 5t.2

w

o

(=]
t

2001

Biomass [mg-m2

100F

1984 198

£ 4 St.1, St.2ICBUAEEMBHYREBZOE
Fig. 4 Changes in the biomass of major epiphytic macroinvertebrates
at St. 1 and St. 2

(——) : chironomids; (= - }: tubificids: (----): amphipods.
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Fig. 5 Changes in the density of 3rd and 4th instar larvae of
major epiphytic chironomids
(—) : 3rd + 4th instar; (- - ):3rd instar.
4 & =

hEEO-—REEZTIHE TSy bY, HEEBRAURKEAEEDCHERZOAZ., BHD
{1986) I & hit, St. 1, Sc.2o@Ep S5 2 b BT, 5, 6 RV 42, 7~11
ARsvE, 12~48RFPA%THY, kDo 74bald, D NicrocystisHE S
§T257~9HILEL, HEEEBLLTALAAMEE o2, —F, KREEDREOTHEETR,
BEBIEIITATHAAET, St.1 OHEEFRIFIBLE S J L 10854£4 AILEL, 7T~10711FE W,
$h SL2OBEERII6FRVIZALEL T~10A 1 EN- £, EXBHBERE, 5~84
1 ~3HIELI~1EAILEBL, TOAFEBNEI-VEBEH S5 00 o 7 4 ba
Bivg, fSBESEEOZNIELLTYE, LAALRHS, BOHERYSVO—REAER
A B EEMN27 (St 1) 21317007y (S1.2) THHDICHL, Iy oTiR
F2AIKEL137 (St. 1 )% =id361gC-n"2-y"" (St.2) THD (BFS, 1886). —FHFKERE
HMHOo—REERIT St. 1 OWMAGEEO EHH 857C-n" 7y, SL.2DTFHF ATl 'y’
THH(FRD, 1986X U FHHE), St. 1 TRHEKEHD, SL.2TREHIZ 7 b OEERN

EELTNWS, LEA-2TSL.2 OREHHRIEY IS 7 NV OEBILEELTVDILEEAS
ns,
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=  BrBEAKERTERLARESKREMEYD ST LEIA Y AREBEO U A b
Table 2 List of chironomid adults emerged from the sedimenis and epiphytes

collected from the littoral zones of Lake Kasumigaura during 1986

Species Substrate
Epiphyte Sediment
CHIRONGNINAE
Chironomus samoensis + +
Chiropomus kiiensis Tokunsga +
Cryptochironomus sp. +
Dicrotendipes nervosus (Staeger) + +
Dicrotendipes niveicaudus + +
Endochironcmus pekanus (Kieffer) +
Glyprotendipes tokunagai + +
Parachiroromus arcuatus +
Pentapedilum sp. +
Polypedilum cultellatum Goetghebuer + +
Poivpedilum kyotoense (Tokunaga) + +
Polypedilum nubifer (Skuse) + +
Tanyrarsus ovamai Sasa + +
Tanytarsus spp. + +
ORTHOCLADINAE

Cricotopus bicinectus {Neigin) + +
Gricotopus sylvestris + +
Limnophyes fujinonus Sasa +
Limnophbyes sp. + +
Orthocladius glabripennis -+ +

SLIDEEGMOBRARFRUESL 2 HATHEL, 2AUATHIRK, A M2 XTHLH
THok, FELH (1986) W khid, St. 1 TOMARYPBEBIFE (I, vaIF, EAHT)
DHBPRECHBEIE I LILER>TWEY, BLEEREABOE AT TOREEORSS T
FRIND, SLITHUTFRSAZAEBEL L TAEREDORTE - S WEHFEL 50 5. Snock
& Stoneburner (1980) Lk X, HL2BOL AV AHBERVEEHEONaididae FHIKEST H
BNA (Nelumbo [utea) ORESFEHEHTL I MW REINATHEY, 2612 Polypedilun
nymphacorum (ZAUH)IDHHED, NAOEAALEEZTWEIHRIEOZTOL BB L, KK
LY EIBES EHEEDHBEERT A ZENFEN TS, LALSEORHEH S8
W, EERHOCELLT, KEREEHOR/EIRDOCODBDENETCRAERIIHAZN
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8y MILFS A KEHDESSN

Tna0hid, BHBATRFATH S,

HEHBOIAVAHREODVT S St | OREFREOFAESHILH VA, ZhidEICEMAN
DENIZLZPOLEEDNG., bbb, St 108585 T3 G. Lokunagai % D.
nriveicaudus Wo R REEN S1. 2 TRELALH AT 2IlE3EEb0d, fFH
HELLTOKEEYEZSATHZE, S1. 1 DHAKHEGOEILEAT SLL2OTFHHOERI
RATOEHABELL, 20228, SL.2ILBV T, YV BRCASABOLEET PEBEL TS
LorEDLIDS,

TAUAYEBEEEDD L, C. sylvestris BLEMIZ/HL T3, Menzie (1981) iE N
Fy s EanEomkEy#icE8i3 5 . sylvestris CAEEBRE .81y ' T+OP : B
HR2ZIO0LFEFIIFWILEHEL, FELTOATHHMALALEMoT VS, SHOFETIL
C. sylvestris M3, 4 @BAFShEHMIEETL<HY, ZOEICHAERA A BB L THERE
nH B,

WMECIZAVAILONTHHLBRFEEELEABE, BREEOHIFERY S W2 24T EH
Ta (HFS, 1983). BrH{WEISITIBOI AV ANEESNT WS (Iwakuna, 1987) 7%,
ERETLSBIMENAERLE, ZAVATHZEY, BrildnTbKkEROFIMBE LU L
BHOZWZ EAREhE, BrEME0oI A0 A 98O BClinctanypus sugivamai Proela-
dius culiciformis, Tokunagayusurika akamusi, Chironomus plumosus, Microchironopus sp.,
Stictochironomus sp. M EMIKEFIIMHHE LAadrok, 2% YD 3, Dicrotendipes
sp., Glyptotendipes sp., Polypedilun sp. RARKERMLORBETHITHEN S 2. LEMNo
T bR 2B OIRYVALBRIENE,

HEHIEE (FFR%) ¢&7H (BEXRE) OWHETIS S ~1986FICHBIh 715 (Sasa &
Kewai,1887) CBrEOLOLEHBELTHBZ YL, BrfimHiionTIBO> >4 H, £
BrfikEHIIOVWTIEO I PUABAIABREH L ORBRETHoE. ZOEIICErBICIE, M
W, REFLTRENHOHREREYF S, HEEIPOEFREITE2SLELTRFA S IGERSE
BENTVE A (Sasa, 1983), BrifcHET 20188 THZ., BAXOBOB(ERE )L |
BIHE(ERBE)PSBEAETNIHELHEARBEINTEH (Sas2,1984), Br@ O LB
R, BEEHOPLEB»#HEH  AESOZ A ELULERENFET 20 L ED N 3.

&

EUEBENAEZEE2REY ¥R LTI AZASSE—BELIIRZAVARBOREC
HEoTIZBAvEREnE, £k, IUAEREFHOSHM L, HE @+, HPFiLE
TiZRY TV EREWE, 2L ELTYEERSRT S,
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Res. Rep. Natl. Inst. Environ. Stud., Jpn.. No,117. 1988.

m-9 Br@AeRACETI20A80EGEHBEERE, RUZAIEOHEF
Population Dynamics and Production of Cladoceran Zooplankton in Takahamairj Bay

of Lake Kasumigaura and their Relation to Microcystis Bloom

feEHESE - ZHFEZ
Takayuki HANAZATO' and Masayuki YASUNO

E B

WrEsuAolaERE I3, S4E Posnina fatalis MAEEL, LIZLIFL
BEABOEMOLYE, LEEEDTO%ULEE 5ok, RAFOELEPESCEERITE
LERERY, BRPRIIRFVEZEVERboE, BLRONASERSOHEMR,
HER, £EZ23, LELEA VY 7PioHEAIs-oTHEBEAE.

Microcystis @AKDE (PHI) FEETLZHFIIEABEOLEERIE 22N,
Aicroeystis WEB X BICERIZ2EH 07 Py CRAVHE RGN X AT
g2hiE. Lal, BSAEQEHENE VWA RLZZ - Fbhok, &, Micro-
cystis PASMlOBEOCAEEBETCHEOHEHOAER S A 2w EHBEAEZZE
B, SmOEAE dicroeystis AW IS P OZELRBERTHWE D
MEBAZBNE, EIHIZ, HBEOCHEAE Nicrocystis OHTRENIFUTHE D
TS5 N OB LTELBEETHAZZEEAREAE,

Abstract

In Takahamairi Bay of Lake Xasumigaura, Bosmina fatalis often
contributed to more than 70% of the annual cladoceran biomass and
production. This species predominated in the summer, when the cladoceran
biomass and productiion were the highest. A4 lower cladeceran production had
been observed in the spring and fall, probably because of the intensive
predation by Neomysis intermedia. In the spring of 1984, and the falls of
1983, 1884, and 1985, this predator was absent and consequently relatively
high cladoceran productions were recorded.

The dominant species of phvtoplankton in the summer was Nicrocystis,
which was not a suitable food for cladocerans., However. Nicrocystis
colonies turned inte a utilizable food when they were decomposed. The
decompcsed Microcystis coleonies were considered to be the main food for
c¢ladocerans in the summer, since the production of nannoplankten was very
iow. Furthermore, it was shown that cladocerans fed bacteria selectively
in the decomposed Microeystis colonies.

1, EXAEWER EHBHENL T35 FHRESQEFEHNENIEE:
Envirenmental Biology Division, the National Institute for Enviroamental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.




TEEES - RBES

1 @FUsic

WOEBRILEWT, 875V b Y REHOIELRHEETHY, FLEHRAORVE
ER3, $hby, BB IS0 W EEBERErLRNOAYEPAOTTEELGEEHE > TS,
LEN-T, Ikl 38 /s> 2 hrEhbe L@ r@omciy sz, 2T
CEBERBBEFET AL CRAELEE 2B,

EOEHILE, ETENIS VI OBROECBREB EEEE2TALSMCTLIILENLEL
2d, Br#EO@SH TP VOZEHEHIOVCTE 196EASRESATEE (BH S,
1977 s H#F - £H, 1979 KRG - HZF, 1981 EHFS, 1981 ; B - ¥, 1984 ; Hanazato &
Yasuno, 1985a; Hanazato & Yasuno, 1%88a,b). ZASPHETH, BrifiOov oHhDEEH
RTOBHIS s P BEOREAELMCENE, FLTEHS IS V2 POHETHEER
AEFBEETZZeAbhok, ZZ2TH, BriEONTERLERRLIAEATEY, HILH
LSBRARENEBEAILSTDIMIELECHAECHEREGBLEERIIDVWTEANS.,

HFEELOEAFPMTCRLELECABHICIZKRDEARETDIZ AN T VS, 20
SUBEHOELUWHBAEELEL T2 7SO0 Mo BELRELBERELA TS LR
BHIIHEGNA 2L, BB 28 /S 07 MoBRrES TS/ b oBHEORICEEVWEE
ERAENTWAEZEAIOSNT WS, BB ISV b OREBORMEBB IS0 h 2O
REBOEMEZH I (Halld, 1970). FEEHNTIZ 7 M oBEECOHEROECIBD TS ¥
TROBEORBHMEOFENLEG LS T (kebster & Peters, 1978 ; Hanazatod, 1884), Zh &
EEL, MV OBAES R LRALEES IS v 2 N ORER L MH T S (Shapi-
ro, 1980 ; Lamperts, 1986), L&Y 707 by OBHRERIIEIVEH TS VI N UEBED
MR AZEIT 2 (Schoenberg & Carlson, 1984 ; Bergouists, 1883),

BrfitT3EEECRDE, ZBEO Microeystis AELIEBLIKOERZBRT 3,
Bl ARNB L DIC, Nicroeystis RS T/5 7 b 0B LTEEACSMBEERL RN, 20T
REOR OB 727228 THWEOh, Nicrocystis itk>THEEShEEH
I E> D0, BHIFS5 2 bk Nicrocystis ORI YO LS REGREIIZ DN, &
VDo EREBNAELS., F2T0, IhAORMEBETOEDIIBATOBHERENTOER R
sk, ZOZrEThbLE, BrifictBudRk0oERABHO —REEZEY IS 7 MO
HOaMEEEELLTBRIZIIRY, FITOLBROBERAICEELTRR25A32E0
EBhbh3.

ZHhETOBRREBILWS2PORALLELTRAZINT LD, FITHAESETEHNFESLE
REBROFEZRELBL, FAOORXENBLRFACZAEITOER BRI TS,

2 BRALKIPBEEBY ISV ORFER

B 1l 1980~1985 OB FWOEAHLA L TIEBROHERODFHE/LLER T, 1980~1082
DIERMITEAE LY RFHELERLE, TR0HLEEARSCORFRE AN T AR M
L, 9AMOBLLEYLE, BLESL 2D Bosnina fatalis®, 7TEA8 HICHHLEICK
ERBEFEOE~7 #®i U7k, Diaphanosopa brachyurun BRICELS L, EOMEENEWEA
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B r i MBI BIE - £, RUTA 2 QMR

BExHE-=, FTEEFOMIZ Moina nicrura & Bosmina longirostris A s HWHERBICZL
B, 1883, FUREWETOELARIZEILACHEARIAES LS, D. brachyurun & B.
fatalis A6 AL B AICHEMLE, LAL, MADELIHATTORHEHIZIFNETOE L XE
{E-o7%, B fatalis HM1IAETH MM L, Chydorus sphaericus & B. longirostris #F11
BrizRiY—2%2m0E, &51C B, longirostris FAOMEA 1/ JI0~20FGEOEE:
ok, ZOEIIIBIFOIRAILBEUVEVWHRFRIZEL, sRIREFLAYERHELE, Z0OH
© 5 H, Daphnia ambigua ##h, KRELEY -7 %% -k, B. fatalis 5 FicHBL, 108
ETHVWHEEERBILAEIKSIIRM P LUE, £ C. sphaericus » Ceriodaphnia rigaudiff
MIZEMNE, 1988FRFICEINAEIIHEAT, D. brachyvurum& B. fatalis 6 A& 7 BICHH
L, B. fatalisiZNNEETHHERAE oA, TLUTZOEE (. sphaericus® C. rigaudi H
MICEBRLU /SR VI0EKB LB - 2ok, LB 2, 1980~ 126RHFLKO
HEENVHEHTEP oW, 1983~18EIZRKICEHAFRENT <, 1IMELIFFEIILRVHE
EVpohk, FLTIZOFLHOBEBIIRA BT ZINAEI M dboT2E0LEbAE
{Hanazate & Yasuno, 198%8a). AU HF 7 IRBr BILSLERLTWR I 2HEMETEY, &
CHRICEFERFIT 22 2 LM RESATHED (Toda, 1982), ZOFBEBHONZ — 2 H
1WIEMABFRHFY o (B2), Thbbh, I8MIIIFICLSLHELEIAKICRELALY
Rony, TOEFERIMIEDCIVEE TR E. ISR OFRELHEENI G L koH, *
ODEOHMIIRBUTRLACHEB I R 2ok, BLUTAT YT IOEVBRIMNARORESR
PEDSTEL, APFFPI0LR0RIIIRAREFSHEEALEZI LRI CH22 5005,
TIRABHTIU Y, BUINARR A HETZ MO T B Y (Hurtaugh,1981 ;
Bowers & Vanderploeg, 1982), LI LUMOEAEBEIRELEE 522 (Richards 5,
1975 ; Goldman®, 1878 ; Threlkeld®, 1980;Rieman & Falter, 1981;Edmondson & Litt,1982),
BrETRlBIRIAYY7IFAHAREORERENATEY, HAEBREOBHARKICD S &R
BEExEATVWEI bk, BAGIL, FUADTAITF7IOHFEINMEL 2o 21984
#1214 Daphnia ambigua AVZEEN A, WL @#IZE T 2 Daphnia DHBRE Zh ETICEGE D
o, LAEZ® D. anbigua 12, AARATHHTCEHALELETH B 2 EAb Aok (Hanazato &
Yasuno, 1985b), )

3 BAESMISUOLCOEMBEEESR
BaEHOLywR £ EE R 1983~10800 SEPILhbETHRAL.
EDBOFHFHE2EIICRT. 1BIERF B AILRERAY~7FRA, 1984EIZEFHE, ., #,
EFREFNIIE—2AAONE, I1BEERTRIIEDTELS Y, TORIMLKETIHENEN
EHEVMFIALZ. COFLHEIIEPRENERE RY, ZO5EPREIZE B, faralis HAEL
BEWLE. BERILRATY7IABAHORERIIRELREEEER, ThANEYECRBL
. ATH¥FTI0EN-L108IFELISKEDOEBI_IEBHOEYRIE LA Lo =N, 45
P 200 o183~ 198O EIB4EDFEREICH W LANIIETENEN T ook,
HAFEOEN T, FEEBLT B fawalis O4BEFRES <, 19848 2 1085FIZEH
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during 1980~1985 (Hanazato & Yasuno, 1988a)



B MO A MO BERREERE = £, RT3 - Olf

2.8

1.0

o}
AMJ J'A'STOND' 'AMJIJA'S'TOND 'A'MJI J'A'S'O'ND
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Fig. 3 Seasonal changes in biomass of cladoecerans in Takshamairi Bay during 1883~

1985 (cited from Hanazato & Yasuno, 1985a, 1988h)

AHLEOB &L £70% % 5= (Hanaszato & Yasuno, 1988h),
HA4EEBOEHZHE2FT. 18IFREAVL- LT R2YUBADFTA»S 9 AD LIC
EERBERA Lok, 1943, ERABEIEORE L TELS LB 2N, TANBI0BRIC
AT THENRTOESRE R, IBERIEBAAREL LY, EXSRIIATTEVWEER N
Bank, EEECBVWTLABRELERIL, YOELFTLELEL, BLHIRAGTVELEL
Fhbok, ATHF7INELHROBAHOEDBEYEL, EELLTAERICEHE R 52
EEDRLBhbND, EERBIIEVWTE B, fatalis AWML EELETH YU, 19844 L 19851212
REHSEOEHOEEROTO%U E® 9%~ (Hanazato & Yasuno, 1988h),

)
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B 4 BEAKBISI8I~190RABOEEROSHEL
(Hanazato & Yasuno, 198%a, 1988bk 4 fE[)

Fig. 4 Seasonal changes in production of cladccerans in Takshamairi
Bay during 1983~1985
{cited from Hanazato & Yasuno, 1985a, 1988b)
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INSDHNAFAELS, HAHEOEYWRLEFR DI RR I 2D 2 Abhok, FEHRE
FOZVEROMEOHBEILEVT, Br HOBAHEOLEERD P/B i (P=4ER . B=4%
#) BahrkdE oI A maEannt (Hanazate & Yasuno, 188%a), Thhbhb, @rHTiidy Y
27 bryOEEN (Productivity) FEVI EICAaS, LALAEAS, HAHECEERIEX
LBl MBS b EBETIE Microoystis NESLTKROERERE TS, ZThE
T Microcystis B, #HY IS/ b EMLCERR2E S, UAXERFIFTELTHE, a0
Z-DFAZXNREY, SOBHMS, BT Py OHELTREEAYFIHZIh RV
DEeBASNTEE (Sirenkon, 1976 ; Lampert, 1977, 1981, 1982 ; Hanazato & Yasuno,
1984, 1887a; Nizan®, 1986). Takanmura® (1688) REBEAKBYS8H® 200 LLFOER
FNOHEOEETIIY SN O REEREFREL, 192 0t nOEREE, ZOB A XD
BTSN RS TS N QEERoTNRERBAILABYN, TOEERETIEEDL S
AOHARCEER*MAZVWEDLHEEINE (Takanurad, 1986). # D= &Il Micro-
eystis X oTRBILAEEINAEBDI RASGIOEBTCESE IS 2 by ILHBEZATWS
LOLEB LR, Nicroecystis PHEHSH IS0/ Vo oHIZARAZEWIHEED S S
(DeBernardi s, 1981), 2 ZTHRIZ, M S50 7 roOHE L TO Nicroeystis OFME R
&=,

4 BTS2 OBELTO Microcystis DIFME

Bor#rbHESE® LA Yicroeysiis B8 E L THABHEO Yoing nacrocgpa 2EL AL Z
%, Microcystis @#FICK > T Moina OEEPEFHIAEL AL o~ (EEL, RER). b
DEER Noina IWHLHEWEETRRLEY, HOKIZIHELEEIAR 2ok, LA
LzA s, Hoina PEEAHELEHROBASTE, WEBE LT Chlorella L LEELEL
U¥ Moina OFKHIZEL, Hicrocystis DHE X LTOEBIREVWE &R EHhE, Yicrocystis
OHRICE-2THYTS 2 N IlATSIEREANFRERSZLRIBMICEEEZIRT WS (Nizanb,
1986), £R#I, BHTS2 7 b ORBIZEoTH Nierceystis BHL LTHATZ2HALE
WhHDIeHrEhE (Hanazato & Yasuno, 1987a, 1988c), ¥ 2C, BrEIKHHETLIEY
TS by Mieroeystis RBFIETES A E 2AEHADEIZ, S ED Neina pacrocopa
DEEBETELR<ELLTHEHSEAE Microeystis OFEHWT, Brilbs-SBHELTELS
BE O A% (Moina micrura, Bosmina longirostris, Bosmina fatalis) ##F L A=, FO
B, YOHABREEES P RUEL (HS) BrAXE{FSEEchihk (H6). HWr#
IR TSHAMITAR LT Meroeystis P RANWHL LTWBHT R nd>Z 2ilad,

Hicrocystis IR BEHREF > TV EHIBY, ZOERILHNLIB - HILEBHTZHEY TSV
FRVRBWBERER>TWEZ A bhokd, Br#XUHEILE Nicroeystis 28T
HAhkT2OBY ISP ERAFLTYL, BTS00 b LI T OBELFERIREOA R
ok (Bapazato & Yasuno, 1987a3), LAD o7, Bri#Tid Nicrocystis OBEEFILHEN
R TRV EZALNE, ZHhREAD Microeystis HRERIOZ—%FUERE
KRSBrBILBSTEZNEOBH T M VILEBREEIN L VWEDTHS D,




o BORAHOBIREIE - %0F, RU7T4 2 L OMF

0.2+ Molna micrura

Body length (mm)

Bosmina fatalis

0.1r

0 1 1 J
0 5 10 15

Time (days)

B 5 Microcystis¥Chlerella®# & LE S0 3MBEOHAIE (Hoina micrura, Bosmina
longirostris, Bosmina fatalis)®E £ ; O —Chlorella, @ —YNicrocystis,
O-THEEMOIEYS (Hanazato & Yasuno, 1987a, 1887b&k U {EE)

B 5 Growth of three species of Cladocera (Moina micrura, Bosmina longirostris,

Bosmina fatalis) reared with Microcystis and/er Chlorella; O —Chlorella,

® —Nicrocystis, © —Mixture of both algal species (cited from Hanazato &
Yasuno, 1987a, 1987b)
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M. micrure B, tongirostris B. fatalls

161

Chiorelia

Brood size

0 o> k: "’

4 Mixture

2_

2 Microcystis

; [ i
- T £ £ £ £ £ s ¥ mwm £ £ = 7 v £ £
- & 5 F 6 s K 3B - & &5 55 2 & 5 % &

Brood number

B 6 HMicrocystiskChlorella®@He LA s IEEORAEOESFY
(Hanazato & Yasunc, 1987a, 1987bk W )

Fig. 6 Brood sizes of three species of Cladocera reared with Microcystis
and /or Chlorella
(cited from Hanazato.& Yasuno, 1987a, 1987h)

Takamura® (1986) if, Br#HTRECIAREARAYAZORA M HFETTRAZL 202w B
FOMEREALIOEAMYHFICE Nicroeystis HFL, ZONEWTFALALXDEA N ONE
BRESFE<BRESFBEVIESNS, ZOFRILESBOEATWVS Nicroeystis HAFNLEH
A, BLRBICAEESHE Microcystis ROBEBATHLH LB, 8L E Micro-
cystis ABH ISV MU DB Lo TnDLOLERLE., FITHryrEIVRALTER
Microcystis 2R THES B THAEEREFTLLAE, FALIURELEAEKD Yicro-
cystis *EA L BERHAFEOEMFAAO N b oM, 2BOMAL Hicrocystis TEM R
VRN EDEBEAE®aN (H7, 8 Hanazato & Yasuno, 1987a), B S5 7 o008
CLTHEDEAF Microcystis AEETHIZ N TR ENE. £ Kicroeystis EREMN
BB FOBEASA DN BZ A RENE (Hanazato & Yasuno, 1987a) , B OEAE
Microcystis RN ZFU T 22L&, "CRHEHWTHANERRE, 98BN EALE Hicro-
cystis QHTE NI FUTHEN TS VI by OEELBL R TWBZeWNRENE (BB
5, KER).

LER-T, Br@cizEH, Nicroeystis k- THEEShEERYE, ERBCIESH IS
vEH R IZEHMAEZAT, FELINIFUTEBEBLTEHR T2 b AR AT bD L




B MO AT A SEEE & 4, &7+ 2 -0l

Bbhd (H3). Tihbbs, B I520 0 28 B TS50 7 0T IBASDEY
{detritus food=chain) BHPHICR2TWBEVAS, ZHAETHHL IS Ao HELTD
SYEHFOLSBBOEEMRIERLEREE AL, ZODEERBERIG BOEBROEY

CELHRD.
0.6
B, fatalis
B. lenglrostris
~ o.s}
£
E
=~ 0.4
=
o
c 0.3F
(]
- |
S 0.2“ o
=
[=]
m g1f 3
) 5 T s 0 5 10 s
Time (days)
B 7 ChlorellaX 9 O#E A icroeystis®E & L= & % DBosmina
longirostiris ¥ Bosmina fatalis® & ; O ~Chlorella,
® -SRI A K icroeystis (Hanazato & Yasuno 1987b)
Fig. 7 OGrowth of Bosmina longirostris and Bosmina fatalis reared with
Chlorella or decomposed Microeysiis : O —Chlorella,
® —deconmposed Microcystis (Hanazato & Yasuno, 1987b)
6 B. longirostris r B. fatalis
No4f bt
- '
o | =
o =
2 2F = -
m } 1 E
oL E S ] | =
1st 2nd 3rd  4th Sth 1st 2nd ard 4th Bth 6th
Brood number
B & Chlorellat S8 H# A Elicroeystis® B E LE X & OBosnina
longircstris & Bosmina fatalisMEHF# : (] —Chlorella,
I - 2D A ZHicrocystis (Hanazato & Yasuno, 1987b)
Fig, 8 Brood sizes of Bosmina longirostris and Bosmina fatalis reared

with Chlorella (open column) or decomposed Microeystis (shaded

column)(Hanazato & Yasuno, 1987b)
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Nanneplanktan

Decomposition ———

: Decomposed
: Microcystis

M 8 KOERAEPO-—REEZEISTY IS AORMER
Fig. 9 Focd-chains from primary producer to zooplankton in the blooming

season of MNicrocystis

5 KOBEHHMIT TN BEER

TNFETUEH SISO ELORNATELFLNEEED TEEN, TEEHREAN
BoTWw?, BrElEi2RK0BRARBOSGH IS 7 b BROBEI, Bosnina fatal-
is DELVWEBSETHED, FZTMEK B, fatalis ABRST 202 L0 RELSLEL . BOE
FERIENEL L KBTS A SONEOEN TSI AL BB EDEERS
H2LwhHbhTa (Brooks, 1968). Brooks (1969) Rz h2AILLDBACERLLE., A
BEUARBOBHW IS/ N EERTHLHEA SN TEY (Brocks & Dodson, 1965), &K
WTRACDEEREASLAY, B 7707 b o BELY LA LZHRORBEYRIEBD 20
S THH, Webster & Peters (1978) iF, BREMDNEATI VERNFIESTHE, REOY
MTIU I N OERNEOEANI VIS VEROERER 2 HEEFTZ I ERL, EASER
EHTAROGH TV P OBETZERICZ2TWE 2 L, £B, B. fatalis BHA
WO TRRNEOET, EXREAELLABOBYp IS s b RBESTLE 0D HEEIR
By B LB TEES, LALME B. fatalis 2@M., By #ICid B fatalis CARBTAS
E@ETWvwS B. longirestris THM T 5. &K B. longirostris FEL L@ A, Hanaza
toh, (1984) WEBATHFKEVWHERZHEELE, 202§ 0 Bosning OMWIBICHY & 5 FE
mENHBE, T4bB B. longirostris AFEICHIRL, EiZid B. fatalis ICA#EY,
iC¥ = B. longirostris NEEMNFABELE L WD ZETHD, Hanazato & Yasuno (1985c) =
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WEHR ML, 28O Bosnina OBEKBEEEECHLALREWF ALY, BEFAZHED
Bosmina OB EHEEERRLTVWARATR RV I LERLE, —F, BEACREZLLE
BMAREECEERT, ZO2EOEHIZIX MNicrocystis DHERODELLABRLTVWE S L
WZ e ARBEnE (Ranazatos, 1984}, LA L Nierccystis HEBSOBILELRVWEH LI A
59, ENEROCEEMS, 2F D Bosnina OIS T Microeystis AEHIZ 3.
fatalis ICHFFMIZHWTWBERTEALwEER SN E (Hanazato & Yasuno, 1987b), ¥ L T
Hanazato & Yasuno (1987b) iX, 2f® Bosmina OWFERT, HEEAFWE B. fatalis
KB, FIIHAEENE L B, longirestris KWEFERBZLEFLE. FETBROEAL
Microcystis REBLHOREICEAVWHERoEZ b, By THEDR, RELAEESLE
Microcysiis BALSBLTEE 757 hroBeERd sz L&y, B, fatalis i2&
S THFRBEHEIR/AELT I LEAL.

8 HFHDIC

INETELOMT, 750 N BHEOBERPRERENALEOBAICE»THIE S
hTWwaEinbhTEx (Brooks & Dodson, 1885 ; Zaret, 1980 ; Vijverberg & Richter,1982),
ThEBr#IBsLTEAATRI Y, BUBLRIIRAHF P ILLoTHH IS/ b2 O
MR, £9E, FEEALELEBLSIEEZAZ ZA ok, £, EiZEVTRAIE
ZHEEOB W 2 W R Eh (Hanazato & Vasuno, 19852), B 75> 7 b HEIXNTS
AOoEEBLTREVLLEDMLE.

—F, BEDWL 22 OWT, SVEENESTAHY ISV ORFEREPEEENR
LFEBHZENHEIN TS (Stross, 1973 ; George & Edwards, 1974 ; Jones®, 1979 ;
Edmondson & Litt, 1982)., LA LB, RTRINLOWERAY, MNicrocystis L KD RDE
PERENEBIIGH ISV 7P OREEPEERFBRRE LB LA HME R E. By
MTIRAED B, fatalis B ELTWABOT, Webster & Peters (1678) AES>MHA
Hicrocystis GEERBAEH S 7 b vEEIZEPEGICE r 2oy, £ E2HIC
EQO®/EVAKEN YNicrocystis ONBEER RS, BHHIS0I A ADHOHEEREEL, B
BTSN YOAEANELBIRTNZEQOEEALND., bR, RCSALEHOER
K 20~23CTHBEDIIHLT, BrETCRLELIFNTEEAD, BrH0EZ0EBERE,
INETHENBELIMEEINTEERAKOWOEBEREBIER>TVAELDCEDLNE,
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Abstract )

Continuous measurements of DO, DIC and pH were carried out in the
experimental ponds along the course of growth stage of the phytoplankions,
New possibilities and ploblems were considered for the application of a
continuous measuring system in the field studies. There are twe funda-
mental advances in the method comparing with the ordinary manual method:
it is possible to make a much more condenced and long lasting measurement
and & better relative accuracy (reproducibility) is provided. On this
base, differenciated DO curves, which represented the rate of DO change,
were more easily derived. They were employed as the starting data to
analyze the effects of the environmental factors on the carbon and oxygen
metabolism of the phyteplanktons. The characteristic patterns were
discussed for the diurnal change of DO metabolism in each stage of the
phytoplankion growth cyele ; in the lag time, in the exponentially increas-
ing stage, in the stationary siage and in the decressing stage.

Acidification of the pond water was carried out to examine the effect
of acid on the carbon and oxygen metabolism. The first effect was, of
course, the decreasing of alkalinity and DIC. 4 quasi CO, compensation
point was observed in the low pH of 4 and low DIC of 80 uM, but it was
much higher than those reported by Maberly and Spence (1983). The reason
is not found, yet,

1 @grelic

KEBGEBREANEN, KHEFEROEMERIATLO-BELTIPAVLE, A¥U R, FAV,
TS LESDE A TINER»SISTOERICHATTELSERL L (Price, 1975 ; Taylor,
1977 ; Brige, 1877%). HAETILITSEHEIOBRETOHY R Y TLEOHR T EREITILA
(RN, #iE, AE, BEr, 1987) LBEBSATEE, ZARBHNIBRBRENTIOKEE
BOELHDILALHERLEBL TS, ABENLIBH DL, Kelleyt TORAFRELE
(Kelley®, 18974, 1981 ; Church®, 1983 ; Cohend, 1981, 1882 ; Cosby®, 1984 ; Gallegos b,
1977, 1980, 1984 ; Hornberger®, 1976 ; Noeslund®, 1981 ; Thyssen®, 1985) A, 1972L04%,
FLULTHNOCEERECHEILAWTSY, BRIUACEHILHTIREILELEHL 2T D,
#F 72, Shurr (1977), Marre (1978) L L ®EH L, AFE TR, #, WE, AERYHEKEIC
ER3KREZTBICH T2 TSI OEBENGEEZRAL, FRARBICHELETERX
A FOESOHMEXELLTIOAETIDZZL2EELLE,
BEICBIT2EEMAEY, ERETORNTE (B8) 2EELAELLELZ0E, HETZ3HE
KRS 52 5RFHE2H@ALEN (TERN) L0222 THL, ULEFoTHEFRENE, £
DEEFEROTAL —LRICBEBTE2—20FHEEFRLTWR L >EBRLEEERD, £, 3
FRTOEBEBRORFOFTEYNHFEANIIIVEETH 220D ahUpTn, X
ARBAFLERBIEAZEAILEITRENSHLN, EHENLFERELZGTORILE BE2 L
EHT, BBRMAREME TR ZCHABETHAHOT, BLSELRVWEAFHLED T, FhH—
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BUEEL2EZEBO 7 - L FTHRLEBZTOLOMEIDRIEIDEATH RN DS,
BERTFOBRETLIINTALPOEERLELIE, BUMAILYEERE2EYDTERE
THLAERBOBRIIBLIRFAREENSETHY, £ 74—V R TLREMRESY
ORVEBNEEOEENS THREETEAVEELSVEIIIEDNS, b EHBHOREZD
HEMFEELTAHTHRABZ LD AEFIBHEI 2HEAL 20 ZLILE>THEEILS, L

L, BHT2HELRENRERTLOMGRELAZOSBAMOATOREBIL L THEDE
S LT R A TR ETONE N LN M AR ERE IS HTONRE LY,
HMIEE LT, TELEFBICODWTEL2TERBICHEL, FhoAThFThEELREAEZL
EREEONEMNESLEL, BAMAETER AR SUB I ALELRD, 20k> 22 21,
MEFRELLTADETHDA TR LS 2L BT CRARTSEH, RAELHHHIRHOR
BlikoTHAEANERELAVEBIARBIIATHREEALNS,

HBOLEMEMNRAEE RN E L LAERNEYAFLTR, KELLTHEZNZEEONC,
R ES R CEEEED AR BB EA BB AEATHAGREF THEREHA AR
A ORBEELEET (AR BEEAT VWAL ZEAEETHS. WEEHOBEIE— B
BTHSWEZEVR, n30 288530 7T, OBRM»PRVTERLAZL, OFELARAVD
KELRWZEERBILANT, OB HETEHBITLEDZ L THEKLTHL 22 AT S
BEEDAD.

EH—DDOEEARMIR, E0ETHARCHBOELLHT2NBRANTH S, AAROEE
REHWO -2}, WERHOMKPWUEEOBWE LRI L, BRELICESIKREMIZIEoT
KEEDOBBEAED S EL (=ERAWR) T2h%, BORFEAEZZHIHRBT S
FHEERBTEILINSSD. L, BRESENAREL, TEROZBLEM TR —BROKE
T, D0, ph TOMEED (M) HEMEZO0EIWMHITRELRETLON, BERZBEE
BIHIEEAYTRTRICE Y, BRENEBARES I —F - A e KB OLEBENERII+ 4%
DNEEDEIDDRFZZILSBEICEDbAS,

ERAEDL, F-FORBREANTENBEL, WEHOHENNHEAENE W IBREHFD, 21,
TS 7 b OB AL (10825 3@MM) O2FUELVWS T EYMOBENT
BarEd, TAFNORBERFOAANABEEESNR LIS OBMAF/MENERICAFTE
B, F-SOBMISE 2T, ZOHNILEETEZLNEETHE, Z2TH, XAk -RE
KEIBBERUERREORZES S - HA20FAEREL, BEZLLOE BN RNE
BHEOERSITOEBLELYRS - R ABENLETH 5.,

BT, ¥ETLHSEEN T ADIUATLAKEEEOEBHICH LT, —RERLEEDbA
HERBEFORAEBREETOEELERMURELLTRYSIZ 2L AYRELTARAD
MEVIESTHE., LAL, OEBRIOEBLIZAFAREOBLEN S22, QEHO
BEFSENE. BREEFOERBICHL CHYEATEEEE >OT, ARCEELAHBRETIC A
PHERRS <RV Y, ORELWREFORBEANMIERLTEND, TOBELER
EORESOHBETOFERRATL B2, OEUBEOKRICHTDINES, LERBED
EfETORB o TEDIRBNABREEEEAI L0 S I ey, EREEMEIZIE
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BOREPREYISTICRLI>BHRIZ ., A0 0EEER T HGEOMNERRLEALER
WMARTEREIERRLOTERL, REMLERE 2 HELLL2VWEECONETECARICE
RTEHEPAKBKRTIZLICL T, EREENFOFEARFLERIDWTIDEFERED D
ZrRAKTHD, LEFST, TAFNORTFIARENLREELREEE LT W2 EMEERY
KEBLTEFLAVWS ZLEENTHZ. B2, FILAZEHEIT, H0REFICLoT
WHRWEBETEHEEBN R SEERNETOON, FEFALETHESLIILEDLNS.

2 X OB

ERiL, BHMEREROE S -REAVSEAMERREA T oA, £&LT, BHFER
AEEBRRBEOERNEEAISCED IS OV b OBHA, RARBUUSASHEEEERL
L, T332 edHdr, BHEKOBKEERCRETHEIIEELT, BAROEHMELEIT
RN ENNER, REORBNI-VIIAITHELHEELE.

2. 1 RyEEH
HWECEAGERBR,
(1) EEHE=-FETLIHROWHILAVWIRELDF -4
DO, pH, DIC CMERIE) RURHE I M EMEK
(2) BHEETF (1) KE=U2VRs0BBELBEREOCHENED (EHHE)
Ka*, K*, Mg**, Ca**, Sr’*, B, Si, ¥H,, KO,, DK, PO,-P, DP, S0.-S, F, CI
(3) HEEF (2) KERUERSEEE (EHAE)
KiE, BEE, BE, B2, KE, KB ZE BUR #HE (ZEE)
BEEGLBEN IO~ PR T2E0TEDN, BELZ0L2IKLTNHE,

2. 2 tuoy-H, UNRHEBRORTER

EHME, ZETEESoBRVWHEEZRVET IR EY Y-, AEBREHOETERL
FEHHAKERIEETH S, 2hid, HEFESUEHALNTE T RnDT, #E2LTHE
BEEFHMELEEVEL, PRVDAFELELT S,

pi EIEICIL, BEREBLrAYE— A YAEBOEREUVERZABLE, RTAGRNBESGE
HZAEW (BEALZEHE, 64008) 2HWE. #XTFTY 7 (AMEHE. DA2I0A) THRAT AL
AR EEEL, KYIZO M) B4 A - Tz A A EELTIRRT A AZIRYBARE
(H1), BATREEOEHIRILARVWOT, BEEHEASILAETCHS. £, BEAILL
A —A Y AEREREEHEODILIZEST, HPLSNBETOEFEOERTE Y 7 A X XER
AL OILRE, BRABEOFOAART Y IANBFOL 25 TEHEERNIT £0.001pH
DToEEENIESNE,

BER, @21 ~2E, pH4, 7, 00 EREBFESE (ARHE) 20Ty, BHEHLRE
MEHmELE, BHLWERR, BhleA-N-RFVTHRISKERET, 1~22ARRETS

-7,
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Hanniate o K EEERE

PCSBO1F
(recorder)

¢

DO meter Isolated Amp.
(YSI M-58)

H senscr
(OKK 6400

£ 1 ER#OERMNE  F-ARGL AT L

Fig. ! Schematic system for the continuous measurement and data

00 sensor
(Ys1 M-5738)

logger in the experimental ponds

Dozl id, BEMEEREMSESOR - > 08 BEADOE 4 — (YSI 45738) &DOX —4 (YSI,
Yodel 38) 2 B vk, HEREIC LI ~20H, UHEEEBNORFARKEEWTHEH, Z0F
FREALETDIOILBGE AL UEREREIo L, WER, VsV IS5l hoillzEHE:
FOTEETA2HEEHERFLTIVWS, HIEMERSRELED, A F~F~DFRLELPELE:
MEBIIEARBEEREIDOTAI S~ DHEGEROTIFEILETHD (H2) .

DIC HEIZIE, HABRBEA DK A XA BHE (ORION, ¥98) & 4 F A —&— (ORION, 7014)
ERVE, BrfioRil, MRADELTPLRIVER Y Lneg/! HY, HDPTFLHVHTRE
BEEALERBATYORBTEI TV E2ADRITAARNTHEENETZ Z LR TELRL, #lK
EReHE I TERSBEICEY, Boh =2k e 0.6 HEEBMELEAXNY AR T T

700 ]

6400

Do (LMD
=
[s]
a

0 5 10 18 20 25 30
doys from 0: 00 of Jar. 1¢'B7

= 2 DOPEROET -2 L, T4y I —HKORREERAVTHEL =18

Fig. 2 Original DO record and the corrected values with the kWinkler method
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39: 1 (1.5mM HCI#Y) OFETHRAL, HEHIREL KB AAEHRI Y THELL
(H3)e ZOVAFLRIAXERVWPTL, HAOARTYTEALT 4/D a2 N—X, N
VAV F -3 EeMUBADIEHRTELRD DT, Ay ba—&— (BRAETHE, U-425D)
DF¥—hpsFU8 44 (GRAPHIC CORP. DT1000, HA) 2 EWTHEFYIALF -2 5251,
REESRR (2R I, MEEETE I EPVAVELASERTERAVDT, REBHR
REBLLOUEBRSEOERTRIBIIEELRBEREHE > £,

EREMARE, BB Lok, TOMBOEBFE M2 E,. ICP(JARRELASH, MO75 PLASMA ATOMCQMP)
F—-b7+HS5AF (Frz2ar, 0, USA), A4rysavwh¥37 (EiEER, (C100) 25
Wi,

FEEE UMERIHH) o0 TH, HUEEREEMEHREZLBEESE -1 (1988 2B HE
LT TN,

2. 3 AEVATL

WEARE, LROCEHEEZHEDOHEEHANIC, CFryALBETEGE#ENE, 7oy
REFERAE, @FVEMN-FaL - (UHBERLLE) , ©@F7FO0 I/ Nn—Far— (RY
ba—X—Fr—had) 2405 (H4), Zhif, SEHEFNEN, BUNIEEFEOSE
HEHEHNETCHZ LIS F - AMPER L L UERRNCHI Y Yo -2 0 B8IZEZ Z 102
20T, BHELTAAFBEEIWTHE 2%~ (synchronized) F- A v MNIBETSZ Z 2N
BEENMCTHD. 4R, BHHOANZEEOOBEOLOTHABRNETZIORANY, BE
CEERBASEEHTwWEEEEERNEXTE LRS00, 22, EHOAHNFEW(ERL)
EBHIiZ, ZFLIBROHIORBEEBRNECLER 0,

Orian 701A
—~H recorder

digital meter

‘ CO, electrode

iy

Technicon Q.5N HCI solution

- Q.lecc/min

l !_;fiow-thru < peristalic

L

-
-

sample sclution
3%cc/min

1H

3 REAABREGRZAVCIEFEBRAREEGNEY AT L

Fig. 3 Continuous measurement systlem of DIC with the C0, gas membrane electrode
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BRI RIZ O 7K ERERENE

HE, BHAERBRATHAVWTWANEIAFALAL, 320 a—3bHnEF- 2 INGER
B, R, BAEWEE, SEWERE, AR, I1REELEBOI-0 IOy I OWE
EFEBREFENTH2, GHACSENERBEAVELSHOER TR, ZOMALEERT
ZHHMEBRE IO 7OF -2 2H 0TS, ZHLRNIC, ERBOEEEENTEEE, B
BECHBLAEOLSTEHS, 4/D I N—4& (12bitX16ch.) EHBELAENYIVICER VA A
T3,

Q7o VagiEsT—2 IR T M - #Hdisynchronize
(57— Sete) b= —¥RT + &I — (Lagrangian inter.
FA4AY 2744 Richardson extra)
@7+ oI N— K- FAUHALHIL A P+ #dfisynchronize
(R a—F v —betc) —RFT 4 HI L—  (Lagrangian inter. |— Sychronized
Fa4 A2 2744k Richardson extra) Digital -
Base DATA
QF 1 V8 VBRI T — 5 [o) File
(ERSUE : 54 A2, MTetc)
B4R R hasic ks A - #4disynchronize
iR syiprintout ete — —RT 1 VR +— (Lagrangian inter.
T4 A2 77 A4 IAL Richardson extra)

= 4 EF—A2~A—2¥v hOERKT7O—

Fig. 4 Preparation of the synchronized base data set

2. 4 ZEMEBHK

BEFOWMEEE, FEY (X, Poas, MBS, 1988) A LHRIAHEEHAL, Kb
YITROEEEToEETOBRAERM (13D EAERE, ES1.5~1.70) THRELE,
IR, EROBMBETHNEZGIEOORFAHBRETI ZLLEERENOULE2THS. A
MPAHRERGEEZAIEROEETHEZY, BEEFEOHEELTY—KBOBHOHE, ER
OEELQEERHBRLLZIEICE T, MEHEOH X ZMMEREEOHHZ TV, BFOLEL %
B->Twd, £, BLTOWELE->TEROHBALEELEFBTHY, T 5 -FORT
EELELTH2., SLICHOZHIAEIBEELZLIZE>T, ERZHOHUEBRBIFER
POTCHREROCUMRAIBETES., LAL, BRAOBHI RO oMEMEIIIZIBFOT
HETHS., TOBRT, ERELEEO 7 -V REOPHEEBEEL L.

3 HERoEm

IORETE, FLLUUBEEREEOEEY A Y -~YIIEFILT, IS0 RF LB 2
DHEREIZRSQD, PTEHROLHAZ -0 0% 20 0RBIZ wWTERS, $2, ZOHREODIL
ARMELT, HoBELCL2BEORSE, BRI NOEB I WTEAS.
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3.1 EENE@BOBFH

3.1, 1 DO OHEENE - EHE

DO OHIEMEESIC/LE, DO, DIC, pH X OMMEIT—MiIC, BHOEM - BEEZ KWL 2,
AEOBRWAKEVERIC, HEK - -WREOBREOEPRBLEBEHAREIE TRLRLELD
LREEHETD, SREE, BEAEHAE - VIIONWTOHEALLVOT, ENBEETHEL
VERBNEY - VOSENEEFLETHS, HEEICE D0 WEBMKARZ 2L FE0 DT,
RBERTDEBLTCOAAZTRICEEEIA TN~V EDLD, RRATOHAXZHEREZ, &
LTHZEEE (R BHECERE A TW3E20:8h03 (H6), DO, DIC GnwTFhiis
B BRICETEBESFNEDLZOT, fAE, OBLUBEOHEOEERAIMEFEEERRT S
LEHHBENDS, LA L, ERICEEETZ2RB IS VI M VUAOERPEERTTOHNA
RWEFIL - THELERELTZ, BBV 20052 -RONERTHE, SHREOERARERT
Bovl, EEHALASILIZHELLESNGOT, J2THEBITRHES IS Moo
R FRASOKEIC LS D0, DIC OFELEHEDLLGERATEDIHFERRFL £,

¥, D0 OHEBNE-2THoH, ~BR2EMETAXKEE{LE2ZTHHY, A
EOHBISELEWEISOEZAHED sine -7 TH 2, EROTHREHFILI-T
HRFEEIAELZ L, AHCEBPHEDTUIERHAEZHRERVEDN OB, sine A -7 7Tl 4
WZERBLPTHS, 202, RIEFTTHREMSEBIIEI > THY LRI NB,
WELE D B2, BETHSTILHEOLD aFEARBOLE. ZThit, EREMEDE
FEOEOTHD. DN 20 OEBESELAOLHENCEOEBEEAEE N B OIIHL, B
SELRIEFEFOLOALVERENIIEMILZ0T, FHRFORLESY - OB, B
BifE, BRERICIUENEZEEZELARD,. 2510, EERTOHEBTHEPRPULRETRLEELE IS,
WECLOOMBTHREARVEID RN LREECIBERIICSIATLS, £k, HEYVET

400 A \[\/\

DO {uM)

-5 0 =1 10 is
doys from O0: 00 of May 1 C"B7)

= 5 BESBBEROIDORER

Fig. 5 4An example of DO change on the course of phytoplankton growth cyele.

The shape is considerably affected by the light fluctuation and wind.
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B R O R AIE

EHEEREAEL LR L EEBVFRRIIERTEE T AL, HEOELEN NI s gk
OELSHEOEBULIZNEREORAPERLEK2E 2O TZIOE >R ERBOMNATD
FTHETLILEAETES. LEFST, BREEFOFRHULRERIEE T2 e - BF
EOHPLENIERAT LI THSTEBLERUFTEIZIRDZZEFE 0, HIEHEOHE
WREFSEVWEEFINBEFR >ERNEOERE,OBONLH O (HEE - HBEEE, LEO
HHTHREED) I, REOEBENRECBIAHETF - AL LTHEYTCHZLEDAL B,
WIZ, T DO Moty (EE - PRBEHR) OODFYS I - IBEOEBBI A2 LOE
BRE (FEE, MG, £, BEEH TEAELR20E0LON, ThEebBREEICKEY
BEERTOOROMEIMIOVWTHRHLTAHE, SHPORDL Y M SERERBOTSICI
B7a8o6nad&>%4 TFE, BEEBEHCIERTERELELYREERHEORE W NLAY,
FoHE T OEI AL, PHTEEOEBNEETLE (H70) kd3AEBERTIOTHS,
HEPORDUTREE THE) LR LYLHERISELIE, Z0X3ABORBY —BHES
RoDh, MERBLECADREBE®RER DDA R YEISERLTIT. 8L, hvEHT—
BHEEZHDEISITHENE, HEHEHORRTFACHELZITELEFS 5.

3. 2 EMATEEOBH

3. 2.1 HWAKDEMEAICEIENTO CO, HEMH

MENORRA, BERFLREITEEERNTEZZLEEAT, ACHELOEBERTES S
R (DIC, 2KMB), pl RU D0 OEBEAEEITo7=. I8, PLAVE—EDORHETT
DIC WEMELEZEED p (—BOKBETHERS NS pl Ei) &, 37 pH =YD DIC &
£ (dDic/dpH; F¥4) THB. =L, DIC RPILAVETCHBLLLTSLS, 2OV 7L,
pH & 7LAUENS DIC 2HETZES, £0.01p] BEONERE T DIC ORTHEE 1%
BREMSZILE, F0e-1(HK) CRILHMIEBEIREATHS i EgTARAT AT RS 2
WZEERYT, BrETIED ISR OREE - BRICES DIC OFFHEII R HEN

n w
jal (=]
(w] (=]
L
—
—

D0 & d0O/dt
o
Q
N :
=

ey

doosde {uM/duy)

—200
ul

dqys From D oo oF Nav. 2 ( ES)

B 6 DORFRIM o dig
Fig. 6 The rate of DO change in the pond
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7(b) The shoulder missing shape in the decreasing stage
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BRI ORI

Fig. DIC/[alkl] and d(DIC/[alkl])/dpH

dDic/ [alk!]
d pH

6 7 8 3 10 1
pH

x4 8 FAHVE—EOEODICE{EpHOH

Fig. 8 DIC vs pH under the constant alkalinity. The lower curves show the

expectable accuracy in the calculated DIC from pH and alkalinity.

FLAVEDNRMETTHZOT, pH LTNVAVENISHELRE DIC THEK - BFROE1E
PHRBTLIOLHEESFR OO, pEMEEL EOBTHEZ LN e B, FREUEY ol T,
BBIUIEENELLRY, PLAVENOUTTCRHENTE s, S LELUIEL RN,
B EIEn pl B TORBEAH L EH T2, pE RIS AET, EEDIC (£REH)
PHETA2LEN DD, HOK, RESAKEETREL -, BEHALAED DIC TBHERL E,
BOFMIIE-T ol BT CWKTFAUHRHSA, DIC GRECALTABMUTHIEHT I
HUdheian., 2HATEENCLLYL, BORNEE (=KMRBETROELEREE) HUb-
FESTRERBAALLETTHE DIC 3@L T3, LarL, ZZTE#HILLA0#AzICIA
BMIITWB0T, §2750 0 R IFUPORREZZOTREATOREBEN X X EMich
ZETTHBEZLRRN, ZOHRETT, #EHAFELHREELFHUVEL, R# LRE,
BEORNE, HEAFAEL R2RBEN AHRARBYENSLE., ZoHEARER, S5 5
DILBRFLOHMICEMPTELRL LIEREFHO DL LTEETHD, ZOBROETEESR
TiL G gigas, REFNAOEBEIWNOWTHk., ZOBERIREOEEIHLTHEERATHE
S =CERE (0.5-5ud, Birmingham &, 197¢) IZHNTHEEIIASVIDICIEDLRS (1)
A, AROHBEATIL O THEHELSERTE 20, ARICHELE D0 OEBNERLT 2O
BHMOMEOS 7 2@I0IRLE, BE, A EQUER T 2BREHEIL208HY &
JIZR5H B,

BE, Hpd (A8 #ESMNEEORMERL, RAEE I EDOTF-AfT~O7 JO—-F
D—PELTOWS, HBORAILEVHOBELICLIKEN AERIRBOTRIZ >0 Tt
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1A K 5

DIC (uM>

\ 10 15 20 25
days from 0: 00 of Aug.1 ("BE>
H § MAKRODOEHLBEICSITSDICOEHEAUERR

Fig. 8 DIC change on the time course of acidification of the pond waier

# | BHEEKREH ISV b ORBH AHEES
AT O FE R T B L.
Table 1 DIC compensation point for phytoplankiers

0. Compensation Points of Several Species of Fresh Water Algae

Chlorophyceae Chlorella type (3sp.) 0.47uM
macre algae type (4sp.) 1.38
this work 80

Bacillarisphyceae plankton type (5sp.) 1.07

Cyanophyceae plankton type (3sp.) 0.78

* pH 5.3-5.8

x%  Oxgen concentration 21%

R, EBOMTHEIBEICR, BRI RE~ S50 RBEOBE SR IZWEB O
PEROEBTHML TN T2 TEIlEEIILS, 0B Nlcl I BEEEs51 2
FTLEATHOBAEREELEL LT, EBOMBAREZHEE L.,
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Do CuMd

-100 4

-c00

26 21 22 23 24 25
days from 0: 00 of Aug. 1 (BB

B 10 DICHESOHEIEEBHOIEE
Fig.10 DO change in the period of DIC compensation
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Abstract

Relationship between nutrient loading and phytoplankton standing crop
and the effect of zooplankton on phosphorus retention were studied using
5ix ocutdoor experimental ponds with continucus flow system during Apr.
1985 to Jul. 1987. The experimental outdosor pond was 1.75 m in depth and
40 m* in volume. Renewal rates of water were adjusted using lake water
excluded large particles to 10, 20 and 40 days. The areal phosphorus
loadings adjusted to 5, 10 and 20 mg n~"d™"'.

Phytoplankton standing crops reached the maximum values on 1 to 2
weeks after beginning of experirents except in winter and abruptly
decreased by grazing of zooplankton. In winter, since zooplankton do not
increase until April, phytoplankton standing crop continuously increased
from January to April,

Apparent settling velocities (Vp) of phosphorus showed almost same
values of 17.9 1o 21.2 m y-' unrelated with areal water loads (renewal
rates) in each experimental pond in the period of ne zooplankton growth.
In these case, phosphorus retention (Rp) in each experimental pond was
depended on the areal water load (gs) and exhibited as following formula ;
Rp=18.3/{19.3+q9s). Total phosphorus concentration in each experimental
pond {Pj) could be also exhibited by the total phosphorus concentration in
inflow water (Pi) and the areal water load as following formula ; Pj=Fi
[1-19.3/(19.3+gs)}.

Phytoplankton standing crops exhibited by POC and PON showed linear
relationship with phosphorus loadings during the period of no zooplankton
growth, but chlorophyll-a concentrations did not correlate with phosphorus
loadings. Chl/PP ratio increased continuously during January to April and
changed from 1.1 to 3.9.

Regeneration of dissolved phosphorus according to the decrease of
phytoplankton due to the grazing of zooplankton was scarcely cbserved,
while dissolved organic nitrogen concentration increased according to the
decrease of phytoplankton.

Apparent settling velceities (Vp) of phosphorus were promoted by ihe
existence of zooplankton., V¥p values varied with the difference of
zooplankton species and ranged from 19.1 to 104.3 m ¥
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Fig. 1 Qutdoor experimental ponds with continuous flow system
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Table 1 Phosphorus loadings and residence times of
each experimental ponds

. & B R UyARTE VAR WEE
SRR (d4) (mg = m* +d™") {mg - ")
i 40 10 0.230
2 20 10 0.116
3 10 10 0.058
4 10 20 0.115
2 z0 10 0.114
6 40 b) 0.115%
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Fig. 2 Seasonal changes in solar radiation during 1988
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BRI 517 5 it o) B RS

purvaTH o, ENLVHORHEMIZ, PLIX6.3Xx10%, P2if2.3X10°, P3IX7.8X10%, P4itl.4X
10°, P3IX9.8X10%, PBit1.5X 10" cells m/"*THh - E.

ERIO(XR3I)THRBHM LD ATFTaAd»S 4 O Nitzschia acicularis AHFL, 2 Hd
EP3EBRERAL L. P3TIE Synedura ulna AP PUEESLE. I FUARPIERERML
¥ Golenkinia radiata RES L, FOHEPITIE Ankistrodesmus falcatus A, P2T it
Synedura sp. A, P3T it Synedura rumpens »%, P4TId Kitzschia acicularis A%, PO¢it
Nitzschia acicularis F?f Synedura rumpens #%, P6TIX Synedura rumpens ELELE.
NEOREEIBREOCBETLIVr A BOBETCLHEVYEDLLT, 1 ~2 X10° cells /"' EE
THol,

EBN(XRA)TIERFHEPIEREEME £ Coelastrun canbricun FEBMLESE L 2o
. TO#PITIT Scenedesmus acutus », P2RUP4TIE Micractinium pusillum A%, P5T
Qocystis parva A%, PETI% Coelastrum cambricum @& L, PITIIMMEH Scenedesmun
acutus AR L, 0% Hicractinium pusillum % BT Scenedesmus acutus 2L L&,

ERNVN(RI)THERHBETYREWARPIZELSL T Phorunidiun mucicola
Dictyosphaeriuan pulechellun #ABH L PSS, BEOREL L ELIIPIER S
Ankistrodesnum falcatus AES L TE A, PITI3 Dicivosphaerium pulchellum A#EF L, F
CHRILVEOCBARAOEERZECT THAPRYVEBESERELL, 5 A TFT®WIZE Phorunidiun
mucicola ABELE, BRAURDELBYIZI VIV OBRRDEEEZTITHERNIFLLE
TULk. P2, P4, POTIRS A, THIKFHBREHO Sceredesmus acutus AEEL, 6 Fil%3
BTSN ORBILIVEREESAETRT LR, PITIR Y A EHO Nitzschia sp. M
LTWBHASE Mok, PETIES ¥ ® Phorunidiun mucicola OB LM S B hi %, 6 5
BB EIIEL =,

INLODMEIS, 1B 4BICMITHEHITIAEEFESL, SAUBREBY IS b
FOBETHLLELETLH, BBEEFAZAETEST2HASAENWI A RENE, 5%
BERECEHWIORTIBREREINEST 2880 Fdo. ERITCUBLEEDE» 5 2P3E
IAEIIrAEREFNBSLTnE, ZADDZ NS, KERBERIBEAHK RO ERLE
BRilh->TwdzZepEaEni:,

B20~2210 HBR T (1985412 ~19868 4 AIICB T 2HMAV VAGRE(Pi/es) ICHT2ER
A oo 74 )V aiBE, PICGRELU PONEEOBEGRERY. MOEZERMEKL>VWIREY
TS P OHBENREL, FOREFBLANENFIERETH -2, ERICBVTEAAL
EZE ISy s b BERBR LAY ARATTERMCEMLTSBY, LAIABAAT
ERHHEEOMERLE, FITHO~LTREAZLOBB /S P RFROEHMEL
AV AWEELOBGERLE, 2AKETE/70074 VaRERBY VARBEDORE NP
FELEL, PMERBRE, BEVVATREBELZ7OU0 7 L aBEOMILIERNEE RSOSSN
E, A-AWEBETRID»Z AEBELVORWEN R22P2, P4, PORUPETHERIEEZYDA
WEARLEL, HSHBEMOEVMOIZOD 74 Ve BEFABLEL, OZ20KRRBTIE
EEBEOMEERLE, 3EIRZLEREL OO T/ Va BERENLE. BEVYARR
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Table 2 Changes in cell numbers and dominant species of phytoplankton
in each experimental pond during Apr. to Aug. 1985
Date P-1 p-2 P-3 p-4 P-5 P-6 inflow
85 n 6.0x10° 1.2x10* 2.0x104 7.3x10° 1.5x104 2,5x104 1.3x10%
0423 % K] 64 76 - 68 10 -
Domi. | Syned. rum. Syned.rum. Syned. rus. - Syned.rum. Syned.rum. -
85 il 3.6x10° 1.9x104 3. Ixt0! 1.2x10% 2.7x10¢ 3. ixi? 3.0x10°
0426 X 62 4] 48 31 59 49 31
Domi. | Syned.rua. Syned. rua. Syned.rum. Anki.falc. Syned.rum. Syned. rum. Anki.falc.
85 n 1.8x10° 2.9x10* 6.5x10¢ 1.9x10% 3.4x10¢ 5. 1x18 2. 1xk0?
0430 % - 54 29 43 12 31 37
Domi § -~ Syned. rum. Syned. rum. Anki . fakc. Syred.rum. Syned, rum. Anki.falc.
85 n 4. 3103 7.4x10% 7.8x10 4.2x10* 7.0x10° 7.7x104 1.9x10?
0504 % 82 28 46 17 27 62 31
Domi. | Anki.falec. Anki.faic. Anki.fale. Syned. rum. Anki.falc, Anki.falc. Anki.falc.
g5 n 1.0x104 1.1x10% B.1x10* 8.8x10* 9.9x10* 1.2x10° 1.6x103
0507 X 73 41 56 44 33 B4 -
Domi. | Anki.falc. Anki.faic. Anki.falc. Syned. rum. Anki.falc. Anki.falc. -
85 n 3.8x10° 2.3x5D° 3.8x108 1.4x10% 1.4x10° 1.5x165 3.0x10°
0513 % 56 33 33 34 - 47 36
Domi. | Anki.falc. Anki.falc. Anki.falc. Syned .sp. - Anki.falc. Nitz.aci.
85 on 2.7x10% 1.7x10% 2.2x10° 9.1x10* 9.0x10? 1. 9x19° 4.5x10°
0520 X - 23 - 62 - 24 38
Domi. | — Anki.falc. - Syned . sp. - Anki.falc. Nitz.aci,
a5 h 4.6x10° 7.1x10* 3.9x10° 5. 7x10% LIx198 b.Dx105 4.6x]03
0527 % 32 28 - 35 - 25 ]
Domi . | Scene.ac. Phormidi . - Syned . sp. - Anki.falc. Syned.ulna
83 n 6.6x10° 7.6x104 2. 1x1¢? 7.17x10* 1.8x10° 5. 1x104 7.9x10%
0603 % - 64 61 42 - 29 86
Domi. | — Anki.falc. Scene.ac. Syned . sp. - Cecy.par. Syned.uina
85 n 4.7x10* 1.0x10° 4.8x10° 7.3x10¢ 2.2x10¢ 5.4x104 5.8x10%
0810 % - 56 - 52 L1 39 70
Domi. | — Phormidi . - Phormidi. Syned.ulna Pharmidi . Syned.ulna
85 n 4.5%104 4,3x10* 1.6x10° 7.6x10° 2.4x104 6.7x10? 5.4x10°
61T X 40 ki - 60 - 41 72
Domi. | Syned.ulna Phormidi . - Phormidi . - Oecy.par.- Syhed.ulna
85 n 2.2X10° 4.0x10* - 1. 1X10° 3.8x10% 5.8x1D* -
620 X - 69 - B4 60 60 -
Domi. | — Phormidy. - Phormidi. Syned.sp., Oecy.par. -
85 n 31X 4.4%104 1.4X10° 1.4X10% 4.7%10* 1.6X104 3.8X10°
0624 X% 44 60 - 60 43 86 68
Domi. | Coela.reti. Phormidi. - Syned.sp. Syned.ulra Oecy.par. Syned.ulna
85 n 1.0x10* 3.4x104 B.8x107 B.0x10¢ 1.8x10* 8.0x10° 1.4x10°
0629 X 86 52 - ki) 49 60 54
Domi. | Coela.reti. Tetraed.mipi. — Syned.ulna  Syned.sp. Coela.reti. Syred.ulna
85 n 6.3x10% 2.0x10* 2.8x10° 4.8x107 3.1x108 5.4x103% 5.0x10°
0704 X 20 36 - 82 - 33 -
Domi. | Coela.reti. Tetraed.mini. — Syned.ulna - Scene.ab. -
BS n 3.2x104 3.5x10* 9.5x107 5.1x10* 4.0x10° 3.0x10° 2.4x10?
0711 % 83 7 - 9% - 38 62
Dowi. | Coela.reti. Tetraed.mini. — Syned.ulna - Scene,ab, Syned.ulna
85 n 3.8x10* 3.6x10* 9.8x10° 3.4x10¢ T.1x10? 3.4x10° 1.8xE0?
0715 % m 95 39 9% 27 - 37
Domi. | Coela.reti. Tetraed.mini. Syned.rum. Syned.ulna Scene.ac. - Syned.ulna
85 n 6.3x10° 2.6x10° 4.3x10° 1.0xi0° 2.2x104 6.3xi0% 4,3x10°
grzz % §3 29 83 5 68 44 36
Dowi. | Syned.uina Tetraed.mini. Tetraed.mini. Syned.ulna Coela.reti. Chlore. Syned.ulna
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Table & Changes in cell numbers and dominant species of phytoplanktion
ineach experimental pond during Dec. 1985 to Jul. 1986

Date P-1 p-2 p-3 P-4 P-5 P-6 Inflow

85 n 1.1x10* 7.0x10° 1.0x104 8.3x10° 7.9x10° 8.4x107 1.2x10%
1217 % - - - - - - -
Domi - - - - - - -

85 n 3.9x10° 1.3x10* 9.6x10° 1.0x10* 9.7%i0% 5.2x10° 1.4x10°
1224 % 2 - - - - - -
Domi. i Anki.falc. - - - - - -

85 n 1.1x10* 8.1x10% B.3x19? 7.9x10% 1.1x10% 9,5x10? 2.1x10?
1230 X - - - - 43 - -
Domi - - - - Golenki.pauc. — -

86 n 2.2x10% T.7x10% 8.9x10% 7.4x10° 8.8x10% 1.8x504 8.3x102
0107 X 25 - 32 20 - - -
Domi. | Elakat.gela. — Syned.ulna Cyclo. - - -

85 n 1.6x10* 1.8x10* 1.4x10* 1.6x10* 1.6x10% 1.1x10* 5.8x102
oila % - 24 35 21 - - -
Domi - Elakat.gela, Syned.rum. Cyclo. - - -

86 n 1.5x10% 1.5x10? 2.5x10" 1.8x104 2.4x10* 1.7%10% 7.5%102
0121 % - 38 37 36 4y 28 -
Demi. | — Nitz.aci. Syned.rum. Nitz.aci. ¥itz.aci. Nitz.aci. -

85 n 2.2x19* 3.0x10° 6.8x10* 3.1x10¢ 4.4xi0* 3.5x10% B.2x10°
0128 % - 54 51 51 13 48 -
Domi. | — Nitz.aci. Nitz.aci. Nitz.aci. Cyclo. Nitz.aci. -

86 n 1.9x104 4.8x%10* 8.3x10* 5.3x10¢ T.5x104 4.3x10* 5. ax10?
204 % a3 k) 45 52 a0 B1 -
Domi. | Nitz.aci. nitz.aci. Nitz.aci- Nitz.aci. Nitz.aci. Nitz.aci. -

86 i 5.0x10% 9.3x104 T.0x10¢ 3.0 7.5x10* 6.0x10 6.4x10?
0212 % 40 46 44 28 19 4z -
Dowi. | Nitz.aci. Nitz.aci. Syned.rum. Cyclo. Nitz.aci. Nitz.aci. -

86 n B.4x107 8.2x1¢4 7.5%10* 3.6x10* 5.7x10¢ 5.4x10* 5.2x102
0218 % 3 43 6] 25 40 32 -
Domi. | Nitz.aci. Nitz.aci. syned.run. Nitz.aci. Nitz.aci. Nitz.aci. -

86 n 1.0x10° £.2x10* 8.0x10° 4.7x10* 3.8x10 5.3x10° 5.0x107
0228 % n 33 71 bt} % 20 -
Domi . | Anki.falc. Nitz.aci. Syned. rum. Nitz.aci. Nitz.aci. Golenki.pauc. —

36 n 9.7xi0* 4.7x10% 5.8x10* 5.5x10* 6.5x10* 8.2x10¢ 7.2x102
0304 % a3 44 i b 27 23 53

Domi. | Arki.falc. Golenki.pauc. Syned.rum. Golenki.pauc. Goienki.pauc. Golenki.pauc. Fragi.

86 n 1.8x10% 1.2x10° 9.8x10* 1.1x10% 1.5x10% 7.4x10° 1.2x107
0310 % 52 75 17 44 35 28 54

Domi. | Gelenki.pauc. Golenki.pauc. Syned.rum. Golenki.pauc. Golenki.pauc. Golenki.pauc. Frags.

86 n 1.6x10% 2.3x10¢ f.4x10° 6.5x10° 1.1x108 1. 1x10° 4.4x10?
a3t % 49 - 8 pif 32 40 -
Demi. | Golenki.pauc, — Syned.rum. Anki.falc, Golenki.paug. Syned.rum. -

86 n 1.5x10% B.7x104 1.3x10% 1.5x10% 8.0x10" 7.6x10* 3.9x10?
0322 X 51 38 T8 36 37 12 -
Dowi. | Golenki.pauc. Golenki.pauc. Syned.rum. Anki.falc. Nitz.aci. Syned.rus. -

86 n 1.4x10°% 1.2x10% 1.3x10% 1.4x10° 1.3x10° 5.7x104 3.9¢10%
0402 % a7 29 a7 38 33 3 -
Domi. | Anki.falc. Anki.falc. Syned . rum. Nitz.aci. Nitz.aci. Syned .run. -
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Table 3 Continued

Date P-1 p-2 P-3 P-4 p-5 ] infiow
86 n 3.7x10* B6.0x 10 9.8x10* 1.1x10° 1.4x10° g.0x{0* 1.1x16*
0408 % BT 30 7 65 37 54 -
Demi. | Anki.falc. Syned.xp. Syned. rum. Nitz.aci. Nitz.aci. Syped.rum. -
86 n 3.1x104 1.1x108 6. 20104 9.4x10* 1.8x10% 1.0x108 1.9x10?
0416 X 1 59 6 45 19 43 Ed
Domi. | Anki.falc. Nitz.aci. Syned.rum. Nitz.aci. Nitz.aci. Syned.rum. Achnan.
86 n 5.7x10* 1.3x108 8.9x107 1.0x10% L.4x10% T.7x10¢ 3.3x10¢
0432 X 2 68 7 51 84 56 36
Domt. | Anki.falc. Syned.sp. Syned.rum. Syned. rus. Syned.sp. Syned. rum. Fragi.
86 n 5.8x10° 6.7Tx10¢ T.7x104 5.9x104 5.8x10¢ 3.7x10% 8.4x102
0430 % 44 61 33 51 90 31 -
Domi . | Syned.sp. Syned.gp. Syned.rum. Syned. rum. Syned.sp. Syned.sp. -
86 n 6.7x10% T.4x10% 8.8x10¢ 1.0x10% B.5x104 9. 1x10? 1.6x103
0508 % — 38 8 41 51 55 -
Domi. | — Syned. sp. Syned.rum. Syned.sp. Syned.sp. Syned.sp. -
86 n 7.5x102 8.1x10* T.9x104 T.7%10* 8.0x10* 6.2x10? -
0513 1 - a8 57 10 90 - -
Domi. | — Syned.sp. Syned.sp. Phormidi - Syned. sp. - -
86 m 5. Ix10? 8.9x104 4.0x10 1.2x104 6.4x10* 1.2x10% -
0519 X - 71 81 82 92 - -
Oomi. | — Syned.sp. Syned.sp. Phormidi - Syned. sp. - -
86 n 5.1x10° 1.3x10° |.6x10 8.3x103 5.2x104 8. 2x10P -
0523 % - 12 78 38 85 - -
Domi. | — Syned.sp. Syned.sp. Scepe.ac. Syned.sp. - -
86 n 1.3x10% 6.2x10* 8. 102 5.0x10* 2.6x10¢ 4.8x102 -
0529 % - 56 - T8 80 - -
Dowi, | — Syned.sp. - Scene.ac. Syneg.sp. - -
86 n B.4x10° 1.0x10* B.Ix1(P 2.4x10? 4.2x104 5.0x10% -
0603 % 93 51 - 62 78 - -
Domi. | Schroe. Qecy.par. - Scene.ac. Syned.sp. - -
8 n T.9x10% 1. 2x104 6.1x10% 1.1xk0? A3x10% 9.5x10? —
050 % g7 49 - - Tl - -
Dowi. | Schroe. Syned.sp. - - Syned.sp. - -
26 n 8.9x10° 2.2x10% 7.5¢102 8.0x10? 4.3x10* 7.6x10% -
0617 X 39 82 - - 52 78 -
Domi. | Fragi. Syned.sp. - - Syned.sp. Schroe.setj. -~
86 n 3.0x16* 6.3x10° 1.0x10° 8.6x[02 4.3x104 g.3x10° -
0624 X - 56 - - 44 - -
Domi. | - Syned.sp. - - Phermidi. - -
86 n 3.4x10% 4.9x10° 7. 4107 2.2x102 2.3x104 2.310° -
0701 X% T 64 76 - 63 - -
bomi. | Syned.sp. Decy.par. Syned .rum. - Phornidi. - -
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Table 4 Changes in cell numbers and dominant species of phytoplankton
in each experimental pond during Sep. to Dec. 1986

Date P-1 p-2 P-3 P-4 P-5 P-6 Inflow

86 n 2.210* 3.6x10* 5.3x10° 2.8x10 2.0x104 f.1x10* 2.2x10%

0918 X |58 a7 5l 23 3 37 -
Domi. | Anki.falc. Coela.ca. Coela.ca. Kirch.sp. Choda.qu- Anki.falc. -

2% n 1.0x10° 2.8x30° 1.4x10° 2.4x10° 1.9x10° 3.0x10° 1.5510%

0926 % 55 kg 59 1] 48 -
Domi . | Coela-ca. Ceela.ca. Scepe.ac. Coela.ca. Coela.ca. Coela.ca. -

86 n 1.Tx10% 8.0x10¢ 1.2x10° 2.4x10% 2.7x10% 2. Tx10P 2.1x109

100t % 80 Tl 49 54 s 9 -
Domi | Scene.ac. Coela.ca. Scene.ac. Coela.ca. Coela.ca. Coela.ca, Coela.ca.

86 n 1.4x10° 2.1x10* 1.6x10* 5.1xt0* 3.5xt08 2.2x108 1.1x10°

1007 X 90 62 43 138 81 92 -
Domi . | Scene.ac. Coela.ca. Coela.ca. Coela.ca. Coela.ca- Coela.ca. -

86 n 4.2x10* 23100 B.Bx10° 6.6x10? 2.3x10* 1.5x10% 7.Bx10%

1014 % 91 81 34 82 % 26 -
Domi. | Scene.ac. Micra.pu. Micra.pu. Micra.pu. Ceela.ca. Coela.sp. -

86 n 4.0x10° 2. 314 7.6x10° 2.7x10% 4. 1x104 2.4x108 9.2x10?

1021 % 98 ' 53 31 B9 43 87 -
Domi. | Scene.ac. Micra.pu. Micra.pu. Micra.pu. Micra.pu. Coela.ca. -

86 n 3.8x10¢ 2.2x104 1.2x10% 4.2x10* 6.3x104 3.7x10% 2.3x10°

1027 X 97 60 - 80 7S5 91 -
fomi. | Scene.ac, Nitz,.sp. - Micra.pu. Coela.ca. Coela.ca. -

26 n 1.5x10% 2.8x104 1.1x10% 4,1x10* 4.2x10¢ 2.3x10° 1.9x103

1 3 98 37 - 40 35 81 -
Domi. | Scene.ac. Nitz.sp. - Hicra.pu. Coela.ca. Coela.ca. -

36 n 3.4x104 2.0x10° 6.9x107 8.5x10° 5.6x104 8.4x10* 4.6x10?

110 % 97 - 43 n 52 53 -
Domi. | Scepe.ac. - Scene.ac. Scene.ac. Coela.ca. Coela.ca. -

86 n 5.8¥10° 4.0x10% 1.5%107 5.8x102 1.4x10* 1.2x10° 1. 7x103

i118 ¥ 53 - - - 81 88 -
Domi. | Scene.ac. - - - Oocy.pa. Coela.ca. -

86 n 1.9x10° 4.8x10? 1.1x10 6.5x)07 1.6x10* 1.3x10* 1.1x10?

1125 % 19 - - - 96 5l -
Domi . | Scene.ac. - - - Oocy.pa. Coela.ca, -

85 n L. 7x10° 6.x10? 6.7x107 3.3x102 8.8x1¢° 2.9x10° 1.6x10%

1202 % 74 - - - - 52 97
Domi . | Scene.ac. - - - - Coela.ca. Qocy.pa.
n 9.2x10? 1.0x107 6.4x10% 3.4x107 5.0x104 9._5x10° 6.6x10?

1208 % 82 - 64 - 2 48 -
Domi. | Scene.ac, - Sctene.ac. - Jocy.pa. Coela.ca. -

% 1.3x10" 4,4x10% 8.9x107 5.7x102 2.2x104 37102 6.8x10%

1218 % a7 &7 T - 5] - -
Domi . | Scene.ac. Scene.ac. Scene.ac. - Oocy.pa. - -

8 n 4.3x10* 4.4x10* 6.4xi0? 3.1x10° 4.6x10% 3.5x102 2.7x10?

1225 % 97 86 78 13 9 - -
Domi . | Scene.ac. Scene.ac. Scene.ac. Scene.ac. Oocy.pa. - -
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# 5 EERN (1987) LB Ao/ o EGREBESEOE L
Table 5 Changes in cell numbers and dominant species of phytoplankton

in each experimental pond during &pr. 1o Jul. 1887

Date P-1 P-2 P-3 P-4 P-5 P-6 Inflow
87 n F.2x10* 1. 2x104 L.2x104 1.5x10° 1. 1x10¢ 1.4x10% £.0x104
0427 % 19 27 20 ] 30 24 51
Domi. | Anki.falc. Phor.muci. Kirch.oh. Phor . auci - Dicty.pu. Dicty.pu. Phor.muci .
87 n 3.5x10° 2.6x10 4.0x50* 4.4x10% 5.5x10* 4.2x10° 6.3x10°
0430 % 25 37 39 38 53 34 7
Domi. | Anki.falc. Bicty.pu. Bicty.pu. Dicty.pu. Dicty.pu. Dicty.pu. Phoru.muci.
87 n 1.1x10% 1.2x10% 9.0x10? 1.2x10° 1.3x10% 8.3x104 1.7x10%
0506 % 39 4 39 28 4] 36 -
Domi | Dicty.pu. Anki.falc. Anki.fale. Anki.falc. Anki.fale, Anki.fale. -
87 n 5.1x10* 1.8x10° 1.2x10°% 1.5x10° 1.5x10% 8.7x10° 1.0x10%
0311 % 57 51 39 22 38 Bl -
Domi. | Nikz.sp. Scene.ac. Anki.falg. Anki.fale. Scene.ac. Phoru.muci. -
87 n . 1x10 1.8x10° 5.9x10" 7.5x10* 1.3x10° 1, 2x101 3.0x10°
0518 % 57 65 39 30 70 57 ’ -
Domi. { Micra.ou. Scene.ac. Nitz.sp. Scene.ac. Scene.ac. Pharu.muci . -
87 n 1.4x10° 77104 3.2x10% 3.3x10* 6.2x10% 3.8x10* 3.0x10%
0525 % 41 65 88 s 65 56 -
Domi. | Phoru.muci. Scene.ac. Kitz.sp. Nitz.sp. Scene.ac. Phoru.muci . -
87 n 4.5x10% 4. 1x10* 1.6xx10¢ 1.5x104 2.5x107 1.4x10% 2.0x10%
0601 % 3 54 53 15 58 92 -
Domi. | Pheru.muci.  Scene.ac. Micra.pu. Nitz.sp. Nitz.sp. Phoru.muci. -
g7 n 9.8x10% 1.9x10? 9.4x14°7 3.0x10? 2.1x107 1.0x104 2.0x102
0608 % 56 - 87 - 84 21 -
Domi. | Phoru.muci. — Nitz.sp. - Scene.ac. Scene,ab. -
87 n 2.1x10% 1.0x10° 1.6x10° 5.0x10? 7.0x107 9.0x10° 8.0x10%
0615 X 28 43 42 - - 2 -
Demi. | Phoru.muci. Nitz.sp. Nitz.sp. - - Coela.ca. -
g7 n 3.Tx10° 1.2x10 1.2x10° 5.0x12 2.0x10° 4.0x10 3.0x102
0623 X i 66 70 - - 9 -
Domi. j Nitz.sp. Nitz.sp. Nitz.sp. - - OJocy.pa. -
87 n 3.0x10* 6. 7x10° 4.4x10° 6.2x10% 6.0x10? 7.0x10° 9.0x102
0630 ¥ 37 59 58 86 - - -
Domi. | Nitz.sp. Nitz2.sp. Menas-s Schro.se. - - -
87 h 3.4x10* 7.0x10% 9.8x10° 1.7x10? 1.4x107 T.0x107 3.0x10?
0706 X 32 = 68 - - - -
Domi. | Scene.lo. - Coela.ca. - - - -
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BAEERIC ST 5 o B sPLsE

EOEWPITELL, VVAREBE 70074 L aBBEEOMICIESRKEBEERIRS D i<
ook, ARERSTHLZOESRBEEL, MRTO /U744 Ve BEOFSR, Vo BRBRED
FWPZ, P4, PORUPEL UL HWEBERRLE, A-AWBETH 3P2, P4, PSR UPETIEPEA
BEVELPIFABTEVBERZRLEAY, KEAW(HESHPERLEYOU VARR L DEIC
BER2BERITZS 2o 2 (HL20),

POC EEXFAY YAREBE X OBEEBE2RE0IERLEZIZOO 74 La BB OBGRICIE
HER—TH2H, AWMEECE > EPILEWT3IAL4HD PCEEZIZERIEETHY, 4
AD PICEBERZZALEARICHMEUPSEPREFBERAV CATEBELEHENBEGEAEG L E, 2
GEMIE PONEEZHAV VANBELOMFZ TS OILHAMBICA-TH Y (FH22), PON BEIRR
AV CAHBELIAEREFZEIEEOLBEERE LA E,

TSI HAV VAFEEL /7DD 74 L a BECREREASNESHT, PON BELIIHE
BEEFAEOAEELNS, BEATOINALOHS AT LIS Z e AR E, K23~
%E%ﬁﬁtﬁﬁéﬁﬁﬁuy@m@ﬁnﬁ?ébﬁuv4waﬁﬁ,HM%%PM@&@%%
BRT. ChI/PPHERBEERMEL S L AL»S3AICAUTHBENICHMU L, SHEY VREES
hEZAELUBRHESTDY, 2ARPIERESBLEZOHELI~ITEETH-EH, 38K
2 XPITCI32.1~2.8, P2Ti31.0~1.9, P3TIX1.8~3.6, PATiE1.0~1.8, PETIX1.2~2.0,
PECIZl.2~2 2 £ ERMBILICBEWHFEC R, s HLE A L BRMEERL, TOHETL
L. #EBMOBEMITIPL 2.8, P2 2.3, P3 3.6, P4 1.8, P5 2.4, PB 2.5EP3TEBILE W E
NEHEXH, IR HERTHENEE 2R,

POC/PPILIZChL/PPEL S IEE RS AT E2RL 1 AR EEEMICEM L 2 (F24), 2AILH
FBZOMEIEPL, POERELAO~SOEBEOMENSZ L, KAELBVWEAHSA Lok, PETIIE0~67
CHOEBRMBICERTE L, PATRZI~MEMIIENTHENEEZRLE., 3ACRZ X Z0LIE
SEERBEEEML, 3AXBABURBHEICELEEETLE, FHOBEERZPINII6L H
HEL, KICPEHES, P2AEE, PLEPR2A8TE M E, PANGOL B LB VEZ R o=, POE/PPIED
Chl/PPH, POC/PPHE X EMAEERL R(E2S). &80 2 A D@EPL 5.6~7.3, P2 5.1~8.5,
P53 6.5~10,0, P4 5.1~5.8, P5 6.4~8.4, P86 9.0~9.8 THY, BSHEI I AN 4 L I-EE
2h, TOBEBTLE, EEHBOREHEELIATOL > TH o=, P1 12,1, P2 13.9, P3 16.7,
P4 9.8, P5 13.4, P56 13.3TH ok, DL EABRIIPITELELPATHLEN .

FREAWREORUOP2, P4, PSRUPBSOERMELE® T D &, Chl/PP, POC/PPR U'PON/PPIE
EE, BWEBBOERWPTELRY, FEFHRMHOEWMTEL 25 ArabME, BET LI,
FERBREARNEUVPENIEDLNSLOBFEEFP RIS QD A, FUBHASHAEHE ) O
NADEFRETTZZ2ABoNIhok, TEREBEATEEDR RSP, P2RUPIRHET
DL, RBEAWEECECPITY VEIRIFEHICHE S, EHBEEOSVWPITRY Y OHA
FRABETTE2EMERLE, FELEAWEEIBREHEICLLBBIIEIH LBV OFA
MBULEETZZLFEREEM R ELE,

HesRu27il /007 ¢ )b aBEILNT S POCRY PONBEOIER2RYT. #ERBLE2AH
S54RI TRINLOREARUKRELEZBEBERLE, SEBRMTOPOC/Ch] HIBTFDL
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Fig.26 Changes in POC/Chl ratio in each experimental pond during Dec. 1885 to Apr.
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Fig.27 Changes in PON/Chl ratio in each experimental pond during Dec. 1985 to Apr.
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FHIBFSF3h >

BYTHok. Pl 31~38, L35 ; P2 36~53, 42 ; P3 31~35, E#30; P4 37~42, Ty
39; P5 32~46, Y38 ;P 34~51, FEHA3TH o =, PON/ChlIEPl 4.6~7.6, Eigd.4; P2
5.9~8.5, ¥IE.7;P3 4.1~5.4, L4.6; P4 6.0~7.3, L6.5;P5 5,.0~7.5, FH6,] ;

P6 5.0~7.9, THE.2TH-. 2N L OHENSPITOPOC/Chl, PON/ChItktiad ERMITH
NTEL, PPCREAFOI OO T A LEREFEI 2SR, 20D LiITEH0T, #
D074 VaBEAFAV VATRELEREE AL 2b o2 bn T, 21, 227
IZPOC, PONEE X HA) VAFEBE X OB Y IVWEREEAIHOAE L VO EE LB H
T23L0LBbhE, EE/007 40 allX$5P0C, PONBEIEZZ~4ARBELTEERRT
PRUVEELEEERLEZE, KU POC/PONELE ZOMMIRS.7T~8 1BELRERMTEEL
ERERLEILSEND, BETOUVONAYROANZHNREEREL R Z AN
o7,

EZRIDIAPDLAILBONEBENTOERSEOTERE, RUOKAFREAHEBEE B
BOBEGRE, B IS OoRBRRVESER), O, VOHELAEBEESRIVEEL, F
HmR2ESEERERITHALAN-ESEERCHEZEO LN E A=,

3. 4 RRBRBCAIIBM IS/ 0HR

RE~QUZERABDIST 28D 7707 b OBRBLBLIBOELRLETT. ERI(R
BITIHERMAHRERICIEEE® Cyclopoid CopepodaB U F M 4E (Nauplius) FESHLTH
. PL, PBRUPSTRIAF~THILAEDOHAE TH L Simccephalus sp. HEELE.
Simocephalus sp. WWEBAFIIELLTHHL, HPREBIIRIEUVUSGFLRWLENWIR 24
HEEEF->LY, HERBOERLEERIEE T 2. ROLEERETRTER LR E
BMAATHRLUAEERHETRRLE. PITRE0#%, 6 Hd LAk L Bosnina longirostris
HELELE, PPTIES A THEICT LG Brachionus angularis AESL, 6 AdmIl LEW
$H® Cyclopoid Copepoda A, 7 AHFAIZIE Bosmina longiroscris #AEE L=, P3TIE
Simocephalus sp. O GE I Bosmina longirostris, Chydorus sphaericus OB EH &5 A,

6 AMAIZIE T L VD Keratella cochlearis A, 7 H FAIIZ1E Bosmina fatalis A& L
7=. PAT L Bosmina longirostiris * Nauplius OESABSH SN AN EETIRRESL 2L,
TATHICHEOHAE THS Nolne nicurura OEEAR A B hE,. PSTIL Sinocephalus sp.
DB E#® 6 Bhiz Cyclopoid Copepoda ABE L TH Y, 7 AL Bosnina spp. AESLE.
PETIE 6 Ew4HZ TIE Cyclopoid Copepoda % Keratella cochlearis S LT R L
<, 6 AALABIE Noina micurura HEL L. PETES L= Neina nicurura i35 B17H
WS000EmABMICEMLUABE TS 2.

ERI(KR7)TR, SARETRIATOERRTHT /527 P OHERIBL SO Ah 2
. 4 BB &P4, PE, PET T L VO Brachionus angularis GHEMHF R S5HE, 5 A13H
P s S 7 N Ik EREORBEHANS LY, EHFHCEALTOEZREMAR T
EREOFARELLE. 5 EIKKABZLPITE Sinocephalus sp. HESLEREEMETHEL
. 6 B ALK N¥oina nicurura AESLE, PECTESATFTHELISELIHBLLIRY,
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BRI LG 2 HiB0 BRPEBIE

# 6 EB®I (1985 B3 58H 57 b o HGERIBESROEL
Table 6 Changes in cell numbers and dominant species of zooplankton

in each experimental pond during Apr. to Jul. 1985

Date P-1 [ P-3 P-4 P-5 P-8
85 n 91 109 k) 8 128 3l
o2 X 64 52 55 61 42 35
Domi. | Naypl. Cyelop. Naupl . Naupf . Cyclop. Cyclop.
85 n 104 T 57 51 iG] 128
0430 % 64 w 51 BG 65 41
Domi. | Naupl. Kerate. Cyclop. haupl. Cyclep, Cyelop,
85 n 99 53 103 146 7 153
0504 % 85 a8 [.t:] 68 42 56
Domi. | Naupl. Cyclop. Naupl . Naupl. Cyclop, Cyclop.
85 n 13 53 162 o1 219 194
0507 1 95 12 59 52 10 79
Dowmi. | Naupl. Naupl. Cyclop. Naupi. Kerate. Cyckop.
85 n 114(67) 35 155(322) 3 439 61
0513 % 97(61)> ' ™ 59(73) - [ 88
Domi. | Naupl.(Simoce.) Brachi. Naupi.(Simoce.) — Kerate. Cyclop.
85 n 380187 2 B7{526) 11 68(85) %
0520 % 68(88) 91 T0(86) 7 73(55) 8
Domi. | Simoce.(Simoce.) Brachi. Naupl .{Bosmi.} Bosmi . Naupl.(Simoce.) Cyclop.
85 " 15027} 728 94(150) 15 22 25
6527 % 93(70) 99 63{73) 93 91 60
Domi. | Naupl.(Simoce.)  Brachi. Naupl .{Chydo.}  Bosmi. Maupl. Kerate. -
85 n L1} 371 103(41) 5 17(48) 122
0803 % 89 5 63(83) - 85(44) 59
Domi. | Nauph. Brachi . Naupl.(Bosmi.) - Naupl.(Simoce.)  Kerate.
85 n 355(345) 435 309 19 847 8l
0610 X (23 16 69 92 99 4
Domi. } Cyclop.(Bosmi.}  Naupl. Naupl. Naupl . Naup!. Moina
85 n 764 214 412 102 906 76
0617 % 96 68 a9 91 99
Doai. | Boswi.sp. Cyclop. Naupl . Bosai - Cyclop. Meina sp.
85 n 1472 172 320 45 722 816
0620 % 98 85 12 q7 83 2]
Domi. | Bosai. Cyclop. Kerate. Naupl . Cyclop. Moina
83 n 2270 112 494 185 632 T34
0629 % 99 63 45 n 78 9l
Oomi . | Bosmi. Cyctop. Kerate, Brachi. Cyciop. Moina sp.
85 n 508 47 34 622 630 592
137 IS o7 70 T3 82 64 45
Domi. | Bosmi. Cyctop. Kerate. Brachi.sp. Bosmi. Moina
B85 n 490 96 676 1119 808 s
o4 % 100 42 70 82 %0 30
Domi. | Bosai- Cyclop. Kerate. Brachi. Bosmi . Moina
85 n 32 330 596 500 38 242
o X 96 67 53 83 86 60
Oomi . | Bosai - Bosai. Naupl . Naugl . Bosmi. Moina
85 n 54 666 358 461 193 190
ors X 74 89 61 80 B7 54
Domi. | Bosmi. Bosmi. Nauvpl . Naupl . Bosmi. Naupl.
85 n 710 690 3570 480 2098 406
072z % 53 9 95 84 56 67
Dowi. | Bosmi. Bosmi. Bosai . Moina Boswi . Naupl .
85 n 2752 15 1830 1216 18 111
e % 100 100 92 LY - 54
Doai. | Bosnmi. Bosmi. Bosmi . Moina - Moina
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# T EED (1986) LB U387 b HERIBESEOEL
Tahle 7 Changes in cell numbers and dominant species of zooplankton

in each experimental pond during Mar., to Jul. 1986

Date P-1 P-2 p-3 P-4 P-5 P-6
86 n 2 - 0.5 0.5 - 2.5
030 X - - - -~ - -
Domi. | — - - - - -
86 n - - - - - 1.0
0310 % - - - - - -
Dowi. | — - - - - -
86 " - 2 1 - 1 4
0317 % - - - - - -
Domi. | — - - - - -
86 n 1 1 3 1 - 10
0322 % b - - - - 60
Domi. | — - - - - Naup|
86 n b1 2 5 11 l 10
002 % - - - 64 - 80
Domi. | — - - Naupl . - Brachi.
86 n 2 2 5 1 55
0408 - - - - - a1
Domi. | — - - - - Brachi.
86 n 1 1 2 30 10 12
0416 % - - - 33 50 83
Domi. | — - - Brachi . Brahci. Brachi.
86 n 2 2 109 g 10
0422 % - - - 63 - -
Domi. | — - - Brachi. - -
86 n 1 23 20 69 8 12
0430 % - 74 60 52 - 58
Domi. | — Naup| Naupl Naupl . - Naupi.
86 n 2 54 31 © 44 18 508
0508 % - 7 71 59 67 8
Bomi. | — Naupl. Naupl. Naupl. Naup1. Brachi.
86 n 24(240) PN 43 20 23 65(103)
0513 3% 75(90) &1 1 55 - 52(66)
Domi. | Simoce.(Simoce.} Cytiop. Brachi. Naupl. - kawpl.(Sinoce.)
36 n 234(519) 7 210 1 21 169
0519 95(83) - 19 - 82 9%
Domi. | Simoce.(Simoce.) -— Brachi. - Naup?. Simoce,
86 n 582295) 23 202 10 29 20€241)
0523 %. 83(83) 52 17 - 5 65(85)
Bomi. | Simoce.(Simace.) Cyclop. Brachi. - Cyelop, Naupl.(§imoce.)
36 n 255135) . 58 116(84) 62 36 22(34)
0529 % 56(64) 53 31(38) 97 81 —(50)
Domi. | Simoce.(Simoce.} Cyclop. Bosmi {¥aup! .) Naupl. Naupl . - (Maup).)
8 n B2(277) 176 80 3% 31 28(97)
0603 % T9(73) 38 0 54 65 5085
Domi. | Simoce.(Simoce.) Brachi. Naupl . Naupl, Cyclon. Naupi.(Simoce.)
86 n 62 217 122 58 60 30
0610 % 65 a7 5 62 52 57
Doai. | Chydo. Moina Naupl . Naupi. Cyclep. Simoce.
88 n 92 385 83 . 82 111 b
0617 % 50 36 4 82 56 59
Domi. | Naupl. Meina Naupl. Naupl, Cyclon. Naupl .
86 n 181 258 280 28 33 241
0624 % 73 76 44 - 67
Domi. | Cyclop. Bosmi. Naupl . Naupl. - Haupl .
86 n 287 1021 126 18 96 625
o701 % 64 68 50 83 57 3
Domi. | Cyclop. Bosai. Naupl. Naupl. Naupl . Bosmi.
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BRI 317 5 B O 8 R

Cyelopecid Copepoda, Brachionus angularis, Moina micurura, Bosmina fatalis ¥ @ &ENZE
ftL k. P3TIE 5 H& 412 Brachionus angularis @ SL, F®% Bosmina fatalis,
Nauplius ¢ ZF{E L %=, PATIE Naupius OESHB VAN, THRICRABWIIEML = Daphnia
magne OFEHOBEME B S5RE, PETIL Cyelopoid Copepodes O BLEFSR W NEAER IS £
ML ok, PETUS AR ARG 8 B LAl M3 T Sinocephalus sp, HEELE. 28
COERTREREORMEFLELAE S JISHICP2, P3, PAOERMIZ, Moine micurura
12,000{8 &, Daphnia ambigura 8,C00fHf%, % #Daphniz magra 20,000fH# & & 4« DHIC A KM
IZEmL =,

KRN (F8)TRPIEREERMHE ] ~2 ARSI IEERME £ T L EO Brachionus sp.
HESLE., FOEP2TIE Trichocerca sp. #AE&E L, 11 FLA%IE Bosnina sp, AESL &,
P3, P4, P35, P6TIXI0F t/mLAR Bosnina sp. A& LA, PITIX11 A4 Trichocerca sp.
AEEL, FHLAEE Sinocephalus sp. ABEEL R, PIRUPZOERBTIHIZE 2HIZ RS o
FAAERHOMEBRALEM TSI OEREARE, FOHKSRE, FIA 74 ARZARICRE
BTy iR R o,

EBRNV(H)ITHEHRI X EARIIERMEE 1 ~2BMBIZIIEITLIED ITrichocerea sp.,
Asplanchna sp., Brachionus sp. S EM L, SARKETESLE. 6 FICABERITE
Simocephalus sp. A%, P2TIik Trichocerca sp. #, P3T X Keratella sp. A, P4T{IDaphnia
pulex?’, P5Tid Simocephalus sp. & Daphnia pulex®, PETIL Moina sp, HELLE. 68 A
FTAaMs 7 FIaICEP2, P3T Bosmina sp. MEBWAALHhE,

ZhLDREMSEIIIRSGHE IS b OFEBEIRIEL, £HICEREZBEBELEZBESIIRIE
HETEHE IS VIV v oREOROWERNFTAZILAGgh s, EEABIS - P EIHRL
TEHRFHBLEBESCE, KEOREHE 4 ~10ASS OB TIIERBERL 1 ~2ERE
KR DLYEHOBE AN, TORKAR, BHEORMAKRES ZLAahs k. TEKE
A2OCRIEO 4 A TN S 6 A EARTILAIICIE Sinocephalus sp, ABEHTIEEHEL, %
NEASL T 1L Boswina spp, BEET 2B SN Eh ok, ABMIZEML & Moina nicurura BT
Daphnia magna WEMEM 1 AHEELTHrLES L TER, %= Daphnia ambigua ®HFEMHE
IPABRELTYPLEMARS AR EEE LR adaho k. ZOZ NS, BH TS0
MR EABHIIIY MO~ LT B2 RH2RETRTHEN, EAOHOREE X ER
LELETHS> BENDZZLASN oL, '

[M28~3212 ERITIZH T, S ABHLERERTCRENKOEALELLEEOH NS S »
OB RICISZEN TSIV N HEEOEMLRURBEEEOEL I VTHRY., PITR
Simocephalus sp. #FHHL, FhicoTrma 74 J)a, PON, TPREASBIIESI LE (F
28) . REEOEAZHELES AIBEICERICZ OO L a BRI lrg 0 "BREETHY
ULTULE-TnED, ISEUEEBROZEEE, PO.-P, NL-N M, NEEOHME RSN Y,
PO,-P, NO,-NEBERX#ICETLE. —%. DIP, DTHEBERHEML, BEFEARBOY Y RUEERN
i Eh T B2 Phok, PRTRAALEZ LS, YW IF VI P EOERMLIHML L,
Brachionus anguliaris, Meina micurura, Bosmina fatalis W EHEAEELE, B SS Y
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E. B ERI (1986) i80Sy s b AGHEBESHEOEL

Table 8 Changes in cell numbers and dominant species of zcoplankton

in each experimental pond during Sep. to Dec. 1986

Date P-1 P-2 P-3 F-1 P-5 P-6
86 n - - - - - -
0919 X - - - - - -
Domi. | — - - - - -
86 n 1 " - - - 1
0920 % - - - - - -
Domi. | — - - - - -
88 n - 14 I 4 1 95
0926 X - - - - - 100
Dowi. | — - - - - Brachi .
86 n - 10 12 5 2 97
1001 X - 93 100 - - 100
Domi. | — 8rachi, Brachi. - - Brachi .
8 n 11 500 962 814 130 450
1007 % - M 100 a7 87 99
Dowi. | — Brachi . Brachi. Brachi. Brachi. Brachi .
86 n - 294 384 T12 436 2
1012 % - 52 94 T 8 82
Domi. | — Triche. Tricho. Brachi. Brachi . Brachi .
86 n - L16 80 102 38 14
1021 X - 84 49 82 48 !
Domi. | — Tricha. Brachi . Bosmi. Bosai . Bosmi.
86 n [+ 16 B3(193) 122 106 50
1027 % - 57 T7{88) 82 40 65
Doni. | — Bosmi . Boswi.(Simoce.)  Bosmi. Bosni. Bosmi .
86 n 43 103 23(63} 164 294 82
14 % 100 38 82(11) 0 i) it
Domi. | Triche. Brachi. Bosmi.(Simoce.)  Bosmi. Bosai. Bosai.
86 n 106 212(165) 44(108) 644 842 308
10 X 100 33047 68(65) i 94 58
Domi. | Triche. Brachi.(Bosmi.) Bosmi.(Simoce.) Bosmi. Bosai. Bosmi .
86 n 146 72 10 T40 596 1258
1118 % 96 58 93 92 08 80
Domi. | Tricho. Bosmi . Bosmi. Bosmi . Bosti. Bosami.
86 n 103(133) 44 31 336 352 42
125 % T3(79) 5 80 87 o8 87
Domi. | Tricho.(Simoce.) Bosmi. Bosmi . Bosmi. Bosai. Bosmi .
86 n 43 51 54 282 148 438
1202 % 85 57 85 a7 9% 85
Dowi. | Simoce. Bosai . Bosni - Bosmi . Bosmi . Bosni .
36 n - - 58 132 86 64
1209 % - - 83 85 98 58
Domi. | = - Bosmi . Bosmi. Bosmi . Bosi .
88 n - - a3 172 54 224
1218 X - - 92 85 81 o9
Domi. | — - Bosami . Bosmi . Bosmi . Bosmi .
88 n - - 38 76 54 138
225 X - - 85 76 80 100
Domi. | — - Bosmi. Bosmi . Boswi. Bosmi .
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& 9 ERBIV (1987) I8 a8 7507 HEBLBESEOE L
Table 9 Changes in cell numbers and dominant species of zooplankton

in each experimental pond during Apr. to Jul, 1987

Date P-1 P-2 P-3 P-4 P-5 -6
87 n - 1 - i - 1
0427 % - - - - - -
Dowi. | — - - - - -
BT n - - - - - -
0430 % - - - - b -
{cmi. | — - - - - -
BT ] 5 i - - - 23
0508 % - - - - - 96
Domi. | — - - - - Tricho.
87 n 19 1 4 15 23 33
0511 % 100 - - 100 100 100
Domi. | Tricho. - - Asplan. Asplan. Tricho.
a7 n (5] 5 12 64 3 123
0518 % 100 - B7 100 - 100
pomi. | Tricho. - Triche. Trigho. - Tricho.
87 n 435 5 356 156 35 58
0525 % 100 - 86 93 100 100
Domi. | Tricho. - Brachi. Brachi. Tricho. Tricho.
87 n 10 27 314 290 122 39
06801 % 85 100 84 62 9% 100
Jomi. | Tricho. Tricho. Brachi. Brachi. Tricho. Moina
8 n 68 9% 168 16 k] 36
0608 % 100 79 31 38 89 53
Demi. | Simoce. Triche. Keratel. Daph. Simoce. Meina
87 n 18 62 38 22 18 30
0615 % 89 96 63 91 100 -
Domi. | Tricho. Tricho. Naupi. aph. Daph. -
87 n 2 61 236 26 4 50
0623 ¥ - % 58 54 15 56
Domi. | - Tricho. Naup1. Naupl. Daph. Naupt.
37 n 67 48 T4 8 5 18
0630 % - 88 a0 - - 55
Domi. | — Bosni . Bosti. - - Naupl.
87 n 104 8 302 6 9 14
076 X 39 100 93 - - T
Doai. | Cyclop. Bosai . Bosmi. - - Naupl.
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Fig.28 Changes in TP, PON, Chlorophyll-a and dissclved nutrients concentration by
grazing of zooplankton in Experimental Pond 1 in May 1986
Addition of nutient and filtered lake water were stopped on 13 May.
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Fig.29 Changes in TP, PON, Chlorophyll-a and dissolved nutrients concentration by
grazing of zoeplankton in Experimental Pond 2 during May to Jun. 1986
addition of nutrient and filtered lake water were stopped on 13 ¥ay.
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Fig.30 Changes in TP, PO¥, Chlorophyll-a and dissolved nutrients concentration by
grazing of zocoplankton in Egperimental Pond 3 in Nay 1986
Addition of nutient and filtered lake water were stopped on 13 HNay.
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Fig.31 Changes in TP, PGK, Chlorophyll-a and dissolved nutrients concentration by
grazing of zooplankten in Experimental Pond 4 in YMay 1986
Addition of nutient and filtered lake water were stopped on 13 May.
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FEEE <3 o

S ROHEBICHEN, oy s Na, PON BEIEFELIETFLE., —F, TPEECETRSE
YEEThdoE., BTSSP OBEPIIHEONL-YEERS FEUKBEOHNIT S
SHEN, PO-P, NO,-NBER LT Lh 2, DIPBECELLEETRA» 22, 240
BICH LT, DINBERBPRNREDELICIEERA>BEDOLESNA 50 (FH29), PITRAEA
ik %7 LS¥ED Brachionus angularis, Keratella cochlearis A% L, S A TA» BT
Bosmina fatalis MBS LE, HOERHEEMRIC, BH S>> 7 b oERECf-TZ0D07 4
a, PONBEOEA NS ONE, TPERELELLE. —F, BEBEOPC.-P, NO,-NEBE X E 2
AEELEET, VML-NBEOHXSATHICEMLA, DTPBEIIE FEML AR, TRBEDEAIC
ERZ:btThThok, DINEER PINBEORDICEERHTZ2ET LA LE (H30), PAT
HEBH 7S5 by oBSBoBRBRTELD AN, ISHEUB OO T 4 b a, PON, TP #E
OEFRELFALAE, ZThilHL, EHSEOPL-P, N0,-NEERMOERBARITILALE
fbegd, NH-NEEOASH23HK LR LEAHICEBUETLE. DTPRERIETFT L L =,
TPEECHEPICEARZ LYook, —A, IMBFEIPHNEEORMLICEERHRTZET &
ALE (H31). PoTRBMHBEDCvelopold Copepoda i BEZ G TS5 v 7 P BEOB LR
BTEbho, LrLads, Juo74 e, PONEERISHUEELPL, TPEELSAT
HPH5 8 ALACHITHALE, —F, BEBOPL-P, NO.-NEEXE 2 ACRILLET, N~
NBEERETLEALE, DTPEELEFLAELEAISHUBEEIE 2o, ZHIZHL, DTN &
BERPONEEORBLVLIERGIBEOELANEN =L (H32), 23, POILOVWTRERER
CBREHROBEN I EIZUMNCARTAD SISV U ORMAAR DL, #7352
AR BEEENIALBERATHEEO TA L 2o TnEDTIZITIHERT 5.
ZASDEEDS, R TSI M OBERIIISTEN ISV NV BHERIABICERT
LIEABLNIIENER, BTS2 OB RS ERBREECERRALAT,
BiZ PO,-P, NO,-FHHEBIIZERLTZRWIEFAEHOM o, £, PI12RETIPEED
EMEZI< HTATHY, VViiBLIEEFETOERBEILK DI THBZLHAHELE,
Thby, ERI5 07 205000 RO IS OBRBEHICIVEBLY T2,
FALBEZNTHWELO0LB150E, —F, DINEBERYOERHBICENTHPONBEEOHED
SIREEMISIETHEMLTEY, —~&# N NEEOLEATZERMBAONED, AHITHE
FHEBESHROETERLIv YO N EAE, Br#HOMARIIRISESBESRASISE
WEELTHEY (R#l, RRK), ZTO0FHCRXBBOBEALZON, B IS5 07 byl
BHEPIS VP COBARVHEAFOREEL LTEETEZZ LA TRESE,

4 F =

4. 1 FBARERAFRCHBARREEREREOBIRE
WEOUYEBERFHTELHIC, AV VEBELRAV VATLEORHOBENZIEF VEF
BT 2372 l—MBICBEDOSAIEDIIILoTEE, Z0&d>REFILE Vollenweider BWEF
NEBIZH, BRIPETERBECLHDAFRLESB/LEARALTEMAREATEE, EXAREKRD &
FLBABND,
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Fig. 32 Changes in TP, PON, Chlorophyll-a and dissclved nutrients concentration by
grazing of zooplankton in Experimental Pond 5 during May to Jul. 1986

Addition of nutient and filtered lake water were stopped on 13 Hay.

Pi=L{1-Rp)/gqs =Pi(1-Rp) (1)

2D, PIEMAKE ) VIBE (mg 1I7'), LIZEHUZUVOU VAT (ng n°° vy '), asidk
BAMH (ny '), PIHBEAKOESRY VBE, RPRIUCOBESETHD. (1)AMB,

Rp= 1 —Pj/Pi (2)

HEHANDL, —F, RpERSLHFEELTR =1~ (HHEUYYAW) / (HAVYARM 0
FiEEHE, BRICETIRELEESNZERLLT, #EBEH(TWXREKEAEHIBEELEADL
N, ZLOWROBEHEERFA LS WL 2P ORBRASAB O TS (Larsen & Nercier, 1878).
FORBENLBEFELLTIBUTOZ20RPEL BV ENT NS,

Re= (1 +4/T /7 TH ) (Vollenweider, 1878) (3)
Rp=Vp/(Vp+as) (Chapra, 1875) (4)

ZZI, VPREMVIOUVEREE (ny) THD. (3)2(4)R0EBVWIR (3) AAVFHE
B, THDEHOSEAEERE FICARZDICELT, (4)ARKEAT, TALBHEEN
BELRAF L %254 THSD, Kirchner & Dillon (1875) WK O ISHBOMAASHEERM &
VERBATOE Nt BHEEEGILH»D - ®EL TS, — 4, Larsen & Mercier (1976)
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HUESFRL 5

BECIKROBHEFEORMTL S, RAAWBEPISSpe (7 ORETTIE-(3)(4) Re b
BWHBMEZERT LWL LTS, DECD (1982) ik (3 )1RNESHWISLOEREFoT
B,

ERVICET 30k (RILBESVTHETZ L, P, PAUBEREIOBTHEOT Rp=
0.25&7 3. P2, PO H RN 0E 2D T Rp=0.18% %2, P3, PARHEFEBRGAII0E 20T
Bp=0.142%2. BH 7S/ o OREO R, o EERTICBITIB2~3 8I2Ah3TO Pi/Pi
BREARLZLBYTHZA, ZOME», BRpE RS &Pl 0.54, P2 0.40, P3 0.22, P4 0,24,
P53 0.39, P6 0.33 L ek, ZHhOLDEASHOARZ L ERBTORTICIZ (3)XEEL
Tnmy, ¥abb, HERBLOMGERDEHEICE (3)RLEREL>EMEANBL L
. =, (4) AHFLTR, csBEEERMBOKENL.750THB0T, HEBEOELPL,
PETid16m y**, P2, P5Tid 31.9m vy ', P3, P4 TIZ 63.9n v ' A\, RMORpELY EDH
FTORBEEVPAHETED, (4)RTKHONEVPE (0 v ') EP1 19,1, P2 21.2, P3
17.8, P4 18.6, P5 20.2, P8 17.92 7Y, »hRUBEBLEAME -2, EHMiE 19.30 y ' T
ok, BONEDPOREME (4)RICARATEZE (3IRFBOhE,

Rp=18.3/(19.3+qs) (5)

BI33ICRp L qs MR ER T, ERMIL (5)RJVBLNZBTHS, ERMEE (5)RF 0 —
HERLE., ZWOOHESE, #ALY VEEPIREW IS 7 oBBLTwWRWRETF TR
LFTORTHRENZZ A Sh o,

Pi=pi {1—-19.8/(18.3+4qs)} {(6)

Ao EEEVrOME L TiE10n v (Vollenweider, 1976), 13.2m vy (Dillon &
Rirchner, 1873) , 11.7m y~' {(Larsenn & Mercier, 1976) X WHEANFEE Eh T3, 0ECDOD
HETEBTHIBIL M LEY 15.80 y°* (BAK143, B/I0.66n y7') S XEFAHEZIN TS
(OEDC, 1982), HADHMBICH U TRE Yy HT 5.1y ' 20> HEFH2(HM S, 1984),
BEL(IBRTADOWBERENEIIFELIOROERAGTLHBAY Y BEOBEGE Vo=
20m vy LLECEULBRDIN—HARLNBEEELTWE, ThAXTELAEEREIEHO
HMBEORHHBALSBONEHETHY, SHOREREILSERNIIE (L)RTHEFHTERZ
LHFEENE, SHESHEZRAMTOHRBERE 19.3 0y 20ndfll, FAARTLLTEBED
EREVCORAERMLTIVWEZE2EZRETAEEHTEVETHZ, ERIZASH TR0 A
BEYESEEORE LA,

ZHETUEABLLERREToTELY, IRLBRIEHEHNEL LTLEAETH S,
ERID2~3BIIBIDN/FBRMALEZBYTHIN, Z0WEHIDR, (BHOEHB) %
K$HpDHe, PL0.41, P2 0.34, P3 0.18, P4 0.22, P5 0.40, P6 0.44 7ok, (4)RALY,
(BRORDMTOLBEEE, ny ' )&Ekshd L, P1 11.2, P2 16.2, P3 14.4, P4 18.0, P5
18,3, P6 12,7 72y, EHMEITIS.In y' ' THo. ZOHEE (4)RICKATELE (B8IXHB
Lht,
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Ry =15.1/(15.1+4qs) (7)

Ry 2qsDBFEEFEIIITRT. Rplasé OBEBZRERR-2T, KEAFO LWL ZATENELE
(B)XPLH/ONBBLUPRYOBLFESAE, KEAFO P 2VPL PET VuA/hE <
SERERHO,TRZN, WEBOBERALS, By T 6.6ny" L IEFAGEEINT
Wi (SES, 1984), BES (1086) FAEARQWHMEERE: LEBRRTIZ =100 v* &L
EHILBDISESESIRBEINT N E,

107
08t
> P
T osf -
g N &
o Lo
o 04f LT
02t
1 i 1 1 1 i 1
0 10 20 30 40 50 60 70

gs (m.y")

H 33 EBAERBILBIZEY ISy 27 b OBBLTVWACEBEISISZVYOSEER (Rp)
RUSEOEME RIELKRBEEN (gs) OBFE
Fig.33 Relationship between the areal water lacd (gs) and retention coefficients of

phosphorus {(Ep) and nitrogen (R,) in experimental ponds during Feb. to Mar.
1986

4. 2 BWMIZUONCOBR

4. 1IEBI2ERT RPREATOUBEREE VP ABATst BRI ZIEFN Tk,
EBHRTE, BRI b ORBEBOLRVEST TR Vp=1983n vy NI EAESRE, L
ML, EROBIETOVLMEIZOECD (1982) OHETEHO0.66—143n vy ' v H En@EIICD
EFoTHY, BMEEATRBLVWEESNAAOLE, PORBELT, SBRABEORVWAER
D—DeEILNE, TITERBTHEONEHEEL LN TSI IOV ELEZIBEL
DWTLTFTURFTS., BOEDILEILIBEOHER—0BH ISy A BELELTEY,
ERNCEYKREFELLT VLM EHT2LAENDHE,. ROCE1OEH /502 oBD
CILBEHEHMEFOHEMORp, VEERT, RBOHAETH S Sinocephalus sp. DB & VpiH
2 65.6~104.3 n vy ' OMICH o, AHIZKE® Daphnia pulex D4 Vpfiid26.6236.4 n
VB, PEOKAEEO Noina sp, OB HIX18.1223.90 v T, B IIC I LOH
BORVWBELrABBEOMTH 2, NUOKAELETH S Bosnina spp. DHAHICIE22.8~28.5
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# 10 BA0H IS I FEHLELED) VO EWMBRyFEHATOREBREE D
DEAL

Table 10 Retention ccefficients (Rp) and apparent settling velocities (Vp) of
phosphorus in the periods deminating several zooplankton species in the

experimental ponds

1

Dominant sp. Period Pond Rp vp (m ¥y ) n

- 860204 ~ 322 1-6 0.22-0.54 17.8-2%.2
Simocephalus sp. 850513 -~ 603 1 .80 65.6 6
850513 ~ 803 3 0.62 104.3 6
850513 ~ 603 5 0.70 F3.7 a
Moina sp. 850616 ~ 711 6 0.54 19.1 6
870608 ~ 623 6 0.60 23.9 3
Bosmina spp. 850620 ~ 729 1 0.59 22.8 8
850711 ~ 722 2 0.43 24.4 3
850624 — 729 3 a.28 24.5 8
850624 - 722 5 ¢.47 28.5 6
Daphnia sp. 870608 .. 706 4 0.29 26.6 4
870615 - 830 5 0.53 36.4 3
Brachionus sp. 850527 ~ 610 2 0.64 57.5 4
850629 - 711 4 0.43 49.0 3
Keratella sp. 850507 ~ 513 5 Q.53 35.8 2
850527 ~ 603 6 0.52 17.0 k]
Cyclopoid Cope. 850617 -~ 620 5 .55 38.8 2

my 'OMIZHoE, UALIEE® Brachionus sp. OB HITIF48.0&57.5m y P X WY BEVWEER
Lz, BRICU LV Keratella sp. @B EIE17.0835.80 vy 'L WD EABLL BV ANARE
ok, TAVEOBSESLTW2HEAEWAOERREEBI2ONEARETH- 2. HBHE
MCyclopoid Copepoda DEE 38.8 n y 'L NHAFWEIBLAEN, ZoRBERAMEET IR
NWEDYDEORBBTCIOLIRENE AN IFRBETH S, RAH OB S, Sinocephalus
sp, DEBIFBHTEHWVpEHABEN E =2, Sinocephalus sp, OHRWIL—B TV EHR
SERERDELTOBHANRZELYTH 2D MR, LaLedd, Heina sp. DESTERS,
B 7S R OBEFCL TN LRELTWEZ2ZEITHY, B SS0 7 hoHU Y
OEBEEELTVWAZLEEOATHD, ZORBRELE~RIIBVTHEIHAERRFL L~
Bk,

EBAR IO L TR LT, MEBOKERLEZHLIBE, FOEEOKEATOD
IR LTEHTCHADH, HI4IZ YplEie10~50n v ' IZELEEEEEED osicH T2 RO
TiLERT. 9s EHAMZOE, TLOEHEHPAREHERMOEVE I VESELLT
) RpfEIc 5 ADEEEI LAV, LALRED, shdny’ EBABMENS VpEAELT S
TEILEoT RpEOBEANHL LAY, ZOBMIE asHAPRYVRKE< o TEHETS. By
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HOBE, g5 fHif 5.0 v ' EHEZINTVWHOT, £EREa PO -ATBZLiI0LY, B
WMISuo hrEEMEY VPpEEETZLATEAR, KEBLULENTHZ220WHIZENT
2. BUBRBETR sERAELLRL 228, M50 o0 BMRRELRLO
LEZEALNE,

) 1Io 2l0 :1) 4‘0 50 s]o 710

qs (m-y'}
B 34 BEATOREEEVLWETLZIEEROU COEER Rp) LKA (o) 208G
Fig. 34 Relationship between the areal waier load (qs) and phosphorus retention

coefficient (Rp) atv several apparent settling velocities of total phosphorus.

5 F&&H

HEREREURBREATMEELZYATEZBAEZREEZA L, FHEATFTRL2ER IS5 2 b
CEHEBRLOCHEE, XEROEHIINITISHY IS 7 bbORFSICHELTEREITBIFL
. BAEREBERESAL.70e, FEHION® OAEET, 6HFEAL, BrE0BE#HAEZEN
THEREE10H, 200 CA0RCHIELE, 6@EOM3IMITY AWMERES 10ng v°°d &L,
BYOIEEEFNEFND, 10T Sng n?d 2Lk, BEROATWREEN/PEFIOC 22X HILHE
BLENLE. UFILBOWEAERTENTS.

1) BEORBEREEIGEHFOEME L IIBL L, BEBIIERLE, S TS50 Mo ®
MELIECEFRESZEEDLENabh i,

2) BEBEAHMIIEREZAELEES2RE, Rl ~28MBIIBREMHICEL, TO8Y
WIS P O0BROEEERITRELEHLE., £HIIEREIFABLEGE IR TS
Y2 PYOEERIAIAMTHECHREE AT, BHEEI LI AMS LRI TERNISHEML =,

3) BLHEFRIIA»SA AL TRy A BEN, SAUBREIREREY SR, EE2E
EHBEEOBVWHBTRERSAEEY, SVWHETISGREFIEST 288N S o k.

) BTS2 CERRBORE WA ANBIOASS VOB T, EREHR L ~ 2 @K
BULVHORB A GH, *ORMEAE BHE MMILE., BSBELTRAATRAANSE
BEEARVIIBIZIE Simocephalus sp. #%, FAHELS T Bosminag spp. HELHTIEHEIE D
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o2&, ABMICEML 7 Yoina micurura B OF Daphnia paganz HEMNE I A ARELTH LB
HLE.
S5) UVORAMIODMEREE VP RBH IS0 7 b VOoBBLTANSS IS, SRHBOK
BAW (FEHBMN) ICEEEA2K17.9~21.20 v'OMICHY, EHBITI0.50 v ThHo k.
6) UXDEME RPIEHH 7507 PUSMHRBLT W ARVESICE, KEAW sIlEELT
BY, KT EInERANEsHE,

Rp=18.3/(19.3+qs)

T)WMAOL ) vEEPRSH TS U PERBL TR NS SICE, BASYD S ATTRE
Pil KEAFMasE THRO SN, BTFTOLIRPEAIES L,
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om-12 By BECBTIIARMBOATTIFINRIEFNICLS
BT oOF DRUKEOT L
The Depression of the Opossum Shrimp Population after Heavy Rain and Its Effects

on the Zooplankton and Water Qualijty

FH®E—
Seiichi KASUGA'

B B

BrEOKREHYHBEAREIIEAZEEEHLHT IS, £HOAELE
EAFHEZAESHECLZAFREOKRE, BT 07 by, AHHFFIORER
Zih @A, 19804 6AHERICEZ160m UEDOATICEIVEr BOKAIZ
S0crBA L EH U, | BMZICIHLIBHHKOESBENABEFL, Cav*, Yg*r,
Na**, K** A A2 iMELOF N FNE8~10ppn, 4~5ppnm, 10~17ppm, 2~3.5ppn&
ol
IOAAVBEOETICHEVWERKETHEAHF7INEELE, 19 Y7 I0H
LHEEBHM IS P HERIBRACENLBIXESRS TSV VoA E
Yok, AEIPARICEH IS I N EHEREIRELRY, T08K2ICHD
L., 70074 VaBREGIZ2 2 O0BMICECELIRBL LEHEL S
Ko l, BrOA Y 7IdERSS oo o2 BAT IS IS0 bk
HAELZOEREEAHLTEY, AT F7I0FEE M EH IS/ N BEROC—0
EhoTnad,

Absiract

The effects of heavy rain on the Neomysis- and zooplankton-biomass and
on the water quality were observed in Lake Kasumigaura between June 29 10
August 21, 1985.

Na, K, Ca and Mg concentration of lake water declined after the rain.
The biomass of Neomysis decreased remarkably just after the decline of the
salts concentration. The zooplankton biomass increased gradually after
disappearance of Neomysis and reached the maxinum two weeks after Neomysis
disappearance. The chlorophyl-a concentration of lake water decreased
following the increase of zooplankton. Transparency of the lake water
improved after zooplankton increase. These facts indicate that the
water quality of the lake is under the influernce of the lake fauna.

1. HYAEMNRE SHBEY T00 RHPEEOIFTHNITI6EK?
Environmential Biologiy Division, the Rational Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, lbaraki 303, Japan.
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1% Man activity and aguatie enviromment—with special references to Lake
Kasumigaura—Progress report in 1976, (1977)

2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977. {1878}

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

# No.
No.

No.

No.
# No.
# No.
No.
No.
#No.
No.

No.

No.
#No.
No.
# No.
No.
¥ No.

No.

No.
No.
No.

No.

No.

Na.

3 A couparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Diptera, Chironcmidae). {1978)

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1977. (1978)

5% Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
?ysteT. and on their effects on cultured cells—Research report in 1376-1977T.

1978

6% Man activity and aquatic environment—with special references to Lake
Kasumigaura— Progress report in 1977-1978.¢{197%)

T A morphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae(Diptera). (1979)

8% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978. (1979)

9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1978. (1979)

10% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1978. (1979)

11 Studies on the effects of air pollutants on plants and mechanisms of
phytotoxieity. (1980)

12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controiled instrumentation. (1980)

13 Studies on chironomid midges of the Tama River. (1980}

Part 1. The distribution of chironomid species in a tributary in relation 1o
the degree of pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.

(4% Studies on the effects of organic wastes on the s0il ecosystem— Progress
report in 1978-1979. (1%80)

15% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1979, (1980}

16% Remote measurement of air pollution by a mobile laser radar. {1980)

17% Influence of buoyancy on fluid motions and transport processes—Meteorclogical
characteristi¢s and atmospheric diffusion phenomena in the coastal region—
Progress report in 1978-1979, (1980)

18 Preparation, analysis and certification of PEPPERBUSH standard reference mate-
rial. (19807

19% Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura(Nishiura)—1978-1979. (1981)

20% Comprehensive studies on the eutrophication of fresh-water areas— Geomorpho-
logical and hydrometeorolegical characteristics of Kasumigaura watershed as
related to the lake environment—1978-1979, (1%81)

21% Comprehensive studies on the eutrophication of fresh-water areas— Variation
of pollutant load by influent rivers to Lake Kasumigaura—1978-1979. {1981)

22% Comprehensive studies on the eutrophication of fresh-water areas— Structure of
ecosystem and standing crops in Lake Kasumigaura—1978-1979. (1381}

23% Comprehensive studies on the eutrophication of fresh-water areas—Applica-
bility of trophic state indices for lakes—1978-1879.(1981)

24% Comprehensive studies on the eutrophication of fresh-water areas—Quantitative
analysis of eutrophication effects on main utilization of lake water tesources
—1978-1979. {1981)

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

26% Comprehensive studies on the eutrophication of fresh-water areas—
Determination of argal growth potential by algal assay procedure— 1978-1979.
(1981)
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29

30%
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324

33
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37+

44%
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48%
49%

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

Studies on effects of air polluytant mixtures on piants— Progress report in
1979-1680. {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 poliution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Futrophication and red tides in the coastal marine environment — Progress
report in 1879-1980. (1982)

Studies on the biological effects of single and combined exposure of air
pollutants—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 pollutants formation mechanism in the environmental atmosphere

(Part 1).(1982)

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

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1980. {1%82)

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 Labolatory of Man-Environment Systems. (1382}

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. {(198%3)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1981. (1983)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. {1983)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. {1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main
stream in June, with description of 15 new species.

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

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

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen cxides
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 of Lake Kasumigaura—1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—The func-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982. (1984}

Comprehensive studies on the eutrophication control of freshwaters—Enclosure
experiments for restoration of highly eutrophic skallow Lake Xasumigaura— 1980~
1982. (1984}

Conprehensive studies on the eutrophication control of freshwaters— Seasonal
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?hangfs of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982.

1984

Comprehensive studies on the eutrophication contrgl 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—Eutrophic-

ation in Lake Yunoko— 1980-1982, (1934)

Comprehensive studies on the eutrophication control of freshwaters-- Summary

of researches—1980-1882. (1984)

Studies on the method for long term environmental monitoring — Outlines of

special research projeect in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chamber — Atmospheric photooxidation mechanisms of selected organic compounds
— Research report in 1980-1982,Part 1. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Formation mechanisms of photochemicai aerozol —Research report
in 1980-1982, Part 2.{(1934)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere(Part 1) — Research report in 1980-

1982, Part 3. (1984)

Effects of toxic substances on aquatic ecosystems —Progress report in 1980~

1983. (19384)

Eutrophication and red tides in the ¢oastal marine environment — Progress

report in 1981. (1984) :

Studies on effects of air pollutant mixtures on plants—Final report in 1975-

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)

Studies on unfavourable effects on human body regarding to several toxic

materials in the environment, 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—RBesearch report in 1981-1983. (1984}

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research

report. (1984)

Studies on chironomid midges in lakes of the Nikko Natioral Park

Part 1.Ecological studies on chironomids in lakes of the Nikko National Park.

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)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Research on the photochemical secondary polliutants formation

mechanism in the environmental atmosphere — Research report in 1980-1982

Part 4.(1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Final report in 1980-1982. {13985)

4 comprehensive study on the development of indices system for urban and

subsrban environmental quality —Environmental indices—Basic notion and forma-

tion. (1984)

Limnological and environmentai studies of elements in the sediment of Lake

Biwa. {1885)

A study on the behavior of monoterpens in the atmosphere. (1985)

The development‘and evaluation of remote measurement methods for environmental

pollution—Research report in 1983. {1985)

Study on residents’ role in conserving the living environment. {1985)

Studies on the method for long term environmental monitoring— Research report

in 1980-1982, (1985)

Modeling of red tide blooms in the coastal sea—Research report in 1982-1983
{1985)
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A studies on effects of implementing environmental impact assessment procedure
—W¥ith particular reference to implementation by local governments. {1985)
Studies on the role of vegetation as a sink of air pollutants—Research report
in 1982-1983. (1985)
Studies on chironomid midges of some lakes in Japan. {1985}
A comprehensive study on the development of assessment techniques for health
effects due to environmental heavy metal exposure—Final report in 1982-1984.
(1985)
Studies on the rate constants of free radical reactions and related spectiro-
scopic and thermochemical parameters. (1985)
A novel retrieval system for identifications of unknown mass spectra. {1986}
Analysis of the photochemical secondary pollutants and their toxicity on
caltured cells—~Research report in 1978-1983. (1985)
A comprehensive study or the development of indices systems for urban and
suburban environmental quality I —Environmental indices—Applications and
systems. (1986)
Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.
(1986)
National trust movement in Japanese nature conservation — Trustworthy or
illusion?(1986)
Economic analysis of man's utilization of environmental rescurces in aquatic
environments and national park regions. (1986)
Studies on the growth and decomposition of water-bloom of Microcyctis. (1986)
Studies on the enviroamental effects of the application of sewage sludge to
soii( I} —Research report and papers{Part I)in 1983-1984. (1986)
Studies on the environmental effects of the application of sevage sludge to
soil{Il) —Research report and papers{Part 2)in 1983-1984. (1986)
Comprehensive studies on effective use of natural ecosystems for water quality
management{ I } —Drainage and flowing down of pollutant load— Research report
in 1983-1984. (1988)
Comprehensive studies on effective use of natural ecosystems for water quality
management{ T }—Structure and function of the ecosystems of littoral zone —
Research report in 1983-1984. (1986)
Comprehensive studies on effective use of natural ecosystems for water quality
management{Il) —Self-purification in stream and soil —Research report in 1983~
1984. (1986)
Comprehensive studies on effective use of natural ecosystems for water quality
management {IV) — Development and application of wastewater treatment technolo-
gies utilizing self-purification ability—Research report in 1983-1984. (19886)
Effects of toxic substances on aquatic ecosystems—Final report in 1981-1984.
(1986)
Studies on the methods for long-term menitoring of environmental pollutants in
the background regions— Development of highly sensitive and selective analyt-
ical methods for measurement of polliutants in the background regions —Progress
report in 1983-1985, (1986)
Experimental studies on the effects of gaseous air pollutants in combination
on animals. {1986)
A review on studies of the global scale air quality perturbation. {1988)
Technological assessment of electric vehicle from the environmental protection
viewpoint. {1987)
Studies on chironomid midges in lakes of the Akan National Park, (1987)
Part I.Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake
Kussyaro.
Part I.Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido{Diptera, Chironomidae)
Formulation of the dynamic behavior of water and solites leaching through the
field soil. (1987)
Q?Pr$§sed landscape and thier envirommental value in Tsukuba Science City.

%8
Studies on remote sensing for spatial and temporal analysis of environment—
Research report in 1984-1985. {1987)

Studies on the role of vegetation as a sink of air pollutants—Final repert in
1982~1885. (1987}
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Studies on environmental information system for regional environmental

evaluation. (1987)

¥odeling of Red Tide Blooms in the Coastal Sea — Final report in 1984-1885.
1987)

Application of X-Ray Photoelectron Spectroscopy to the Study of Silicate

Minerals. (1987)

Study on the Organic Aerosols in the Photochemically Polluted Air — Studies

?n Foimation and Behavior of Organic Aerosols — BResearch report in 1983-1986.
1988
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