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Recent Trend in Eutrophication of Lake Kasumigaura
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Akira OTSUKIY, Toshio IWAKUMA?
Takayoshi KAWAT' and Morihiro AIZAKI®

Abstract

The results from a survey over the past 6 years (1977-1982) were summarized in
terms of seasonal changes of total phosphorus standing crops in Lake Kasumigaura,

Total phosphorus standing crops in the most inner parts of Takahamairi and
Tsuchiurairi Bays, which had been influenced by inflow from polluted streams, became
considerably constant throughout the vear since 1980. However, during May to Sep-
tember, it was shown to be increasing at the central part of this lake which occupies
70-809 of the lake velume. It was suggested that the off-shore movement of net pens
for carp culture to avoid the effect of large fluctuation of water level might be one of
major causes because the increased patterns of total phosphorus standing crop coin-
cided with the periods of feeding for carp culture.

Since the water temperature at the central part of Takahamairi Bay can be
approximated as a Sine curve and total phosphorus standing crop had an exponential
relationship to water temperature, annual change of the total phosphorus standing crop
at the central part of Takahamairi Bay was approximated as the following equation:

TP(g+m~?)=0.2057 exp [(.6981+0,4834 sin (0.9863 ¢+119.64)]

TP : total phosphorus standing crop
X : time (day) from January first of the year
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Fig. 1 Sampling stations in Lake Kasumigaura
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The Biomass and Production of Phytoplankton
in Lake Kasumigaura during 1981-1983

PR« HRRECR - KEFIEZ!

Noriko TAKAMURA', Toshioc IWAKUMA' and Masayuki YASUNO!

Abstract

1) Seasonal changes in the biomass of phytoplankton species were investigated
at the center of the lake (St. 9} and Takahamairi Bay (St. 3) during 1978-1983. The
dominant species at St. 3 were Synedra rumpens in the spring (approx. 4-7 gC m™),
Microcystis agruginosa in the summer {(approx. 5-8 gC m™?), Cyclotella sp. and Coscino-
discus lacustris in the autumn (approx. 2 gC m™3), and Cryptomonas spp., Chrysochro-
muling sp., and Chlamydomonas spp. in the winter, respectively. Closterium aciculare
(approx. 6 gC m™®) bloomed from March to May, 1979 and Oscillatoria agardhii
(approx. 4 gC m™} from October 1982 to January 1983. Similar seasonal changes in
the dominant species could be observed at St. 9, but the biomass of Synedra and
Microcystis was smaller than at 5t. 3 and the autumn bloom of diatoms could not be
detected. The biomass of Microcystis during the summer at this station in 1982 was
2.0-fold greater than that of the previous four years. The heavy blooms of Oscillatoria
agardhii (approx. 7 gC m™*) continued from October 1982 to February 1983 at St. 9.

2) Primary productivity was measured by a 1“C—metho;d at 10 stations of Lake
Kasumigaura from August 1981 to March 1983. Photoinhibition was observed from
January to March, when the initial slopes of photosynthesis-light curves tended to be
smaller than in other months. The maximum photosynthetic rate (fyax : g€ gC-' h™"}
and community respiration rate were correlated with the water temperature at all
stations. But at the innermost part of Takahamairi Bay (Sts. 1 and 2), the pnax
became extremely small in late August and early September 1982, just before the
disappearance of the predominating Microcystss. At the innermost of Takahamairi
Bay, the high gross productions were recorded in the spring and summer whereas in
other basins, gross productions increased in the summer and autumn. This production
was correlated to water temperature at all stations but not to solar radiation, except

1. B AHWEN S9REN T 305 HEESEES BT 165 2
Environmental Bioclogy Division, the National Institute for Environmental Studies, Yatabe-machi,
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at Sts. ] and 2. The maximum gross production at St. 9 was 130 gC m™? month™ in
October 1982 and the minimum was 7 gC m~% month™" in February 1982. The annual
gross production at St. 9 from April 1982 to March 1983 was 768 gC m2 y~.

The high gross production in the autumn of 1982 was ascribed to the high pmax of
Oscillatoria agardhii, which increased in October and November, showing a very high
degree of photosynthetic efficiency (1.5-1.8%).

3) Size-fractionated photosynthesis and community respiration were measured
in Takahamairi Bay in the summer of 1982 and 1983. The phytoplankton of the
surnmer consisted of netplankton (larger than 40 gm} dominated with Microcystis
aerugtnosa. The chlorophyll 2 concentrations of nanoplankton {smaller than 20 pm)
were always less than 10% of the total phytoplankton. The nanoplankton consisted
of small diatoms and golden-brown algae (Crysophyceae} but contained broken
Microcystis colonies in late summer. The mean photosynthetic rates at 8004-1000 xEinst.
m~2 87! of netplankton and nanoplankton during the summer of 1982 were 0.052 and 0.
017 gC gC~' h7!, respectively. The community respiration rates of netplankton and
nanoplankton ranged from 0.23-0.70 and 0.62-4.15 g0, gChl. a~' h™*, respectively. The
net production of nanoplankton may thus be far smaller than that of netplankton.
The respiration rate of Microcystis was estimated to be at most one thirtienth of the
pmﬂx.

4) The population dynamics of Microcystis aeruginose were investigated in
Takahamairi Bay during 1980-1982. Microcystis colonies in the lake water began to
increase in May and decreased in October and November, while in the sediment,
Microcysts colonies began increasing in late August and early September and de-
creased from March to July. The biomass of Microcystis in the sediments in the winter
was about 0.3-0.4 gC m™?%, amounting to 99% of the Microcystis in the winter. Thus,
Microcystts which bloomed in the summer sank to the bottom and overwintered. The
Proax {g0.gChl. g™t b~} of Microcystis could be shown as a function of water tempera-
ture. Microcystis entered a resting state when the water temperature became less than
about 11°C. The gross production of Microcystis from March 1981 to February 1982
was 300 gC m~2 v~', which was about 40% of the gross production of total phyto-
plankton.

Fifty percents of the gross production of Microcysiis decomposed in the lake water
and the remainder was deposited to sediment (Fukushima ef a/. 1984). Most of this
(99.7%) is thought to have decomposed on the sediment at the bottom of the lake in the
autumn. The blooms of Microcystss in this lake were attributed to the low respiration
rate, high net production and low precipitation during the blooming season.

5) The chlerophyll ¢ concentration and gross production in this lake have tended
to increase since 1979.
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Fig. 1 Map of Lake Kasumigaura showing sampling stations
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Carbon uptake (gC m™3)

BrBOoMY T I v YO—RERE LS vEREDLERE

2 4 8 12

Incubation time {(h)

BC AV TRD - REOT Y A2 B0 BEBEAL

Amount of carbon uptake measured by the PC-method at 1200 4 Einst 2 s™!

in relation to incubation time
Solid line : Svwedra dominated lake water (0.33 gChl. 2 m™*) measured at 16.5°C in
April ; Dashed line : Microcystis dominated lake water (0.29 gChl. @ m™) measured

at 26.7°C in August. Vertical bars indicate the ranges of two determinations.

Carbon uptake (g€ m™3)
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Oxygen evolution (g0, m%)
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Fig. 2b

(1982 & 8 A)
Relationship between carbon uptake measured by the '*C-method and oxygen
evolution measured by the O;-method in August 1982

Solid circles : measured for samples collected from Station 2 at 28°C at five different
light intensities ranging 21-910 xEinst. m 25~ ; Open circles : measured for samples
collected from Station 3 at 28°C at five different light intensities ranging 21-910
uEinst. m™* 57! ; Open triangles : measured for samples collected from Station 2 at
27°C under 1200 4Einst. m™? s7' for 1, 2, and 4 h.
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fao R 0.000421 (gCgC*h™) (yEinst. m%s7') !, &3F—glrnT (F11 &R,
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(N=44,R=,397)
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SHIcEREEREDLE

Fig. 3 Relattonship between daily gross column production calculated using hourly
solar irradiance data (Method A, GPH) and that using daily total solar
irradiance data (Method B, GPD) for samples taken at Stations 3 and 9 during
August 1981-March 1983
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Fig. 4 Relationships between algal carbon, determined on the basis of algal volume,
chlorophyll 4, and particulate organic carbon (PQC) at St. 3
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m~y~') i3, St.1T625 St 27T627, St.3°T 751, St.4 T615 St 6T533, St.7T427,
St. 8 T 489, St. 9T 768, St. 11 T 503, St. 12 T510 kot BIA (St. 1-4) (2E\V-EM
L, A (S5t.6-8), 448 (5t.12) 1Esh -7, L LUHLE Gt 9) TRAEZRLE
DERERATREZLTHS, BrfigETcoREERY, BRAXEEY L BLOTOTFSC LY
1982 SE DK (10—12 A) 2 1981 FOKDE 1.6 15, 1983FEDE (1 -3 A) L 1982 HFEDED
155U, 1982 4 A6 1983 3 A Co - Flo@Ey BLROWH 777 + v
DBEERITRERC LTI A2XI0 viTE L1,

33 Efio4sgEoRe

R 1942 19794 — 1981 D, St. 3 i kiT 5 77 v 7 + v+ A XBIBERTKERTRL
b0 THS (HERXSHEE, 1982 ¥R, EH0EM 77 v 7 + vix 40 ym B ED (1 X0
BETERIATEY, 10 um LTFOYy 4 XOBEI# SBCHTTE e n s, Bk
Wiediow, LR RBEYBRC L, B0 10 m U ToREOBEFRL0.1 ugCm LT T
Hot,

2062 St.E (BERASL 1L St.20qa) wkiTHEHOEY TS v 7+ vOr 1 XFl
BHE (Feav 0 qgi) & 800—1000 gEinst. m s ' OXBH YT - L ZOXEREES
FLELDTH S, ZOHMOBES AR 23—33°C $TELLY, XEREEORHE KR 2729
COBmBTHT -7, B BULTLHYM 757 + v® 5% 40 gm L E(Fraction 1 & Fraction
2) OBHEEHMNEL, 40 um LT (Fraction 3 & Fraction 4) OBFEE s o1, 40 gm Ll
LoBEBROH IO%LL L7 v EBD Microcystis aeruginosa T LhTuviz, 40 gm LUF D4
By 4R ROV ERETER IR TGS, 8 AdEgn b, Microcystis ORIR
& T ot Microcystis (XEBRNBOX SR —XHBEP RIS, cORWERTA2XEEEE
i3 40 pm DT OBV TRALGHEE (e L EXD T ENTED, Total (V1 XFE
T fe-tcb @) & Fraction 1 (94< 2193 ym) OXARHEER U Total & Fraction 2
(40< =94 pm) DABREEOCHIIL L ~FKL (5F5, 1982) 40 ym L E 3@ Total @
HELRELTWDLELLNI., ¥ Total & Fraction 3 (20< =40 ym) XU Total &
Fraction4 ( =20 gm) OXAREEOR 2, HESEIED LT (SR B, 1982)4#0 Fraction
4 DERFECESL, Bz o FEOBE L ELIBETHL I LEHTERIRL, T AR
ZAErre 7 s gBITAFESLERLIZLS, BA2I B 200mg m3cEL -, —
FREEHREE, THA29H RLE (0.10gCgC' k™), 8ATIZ0.014gC gC ' h ' &{E
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Fig. 18- Relationship between the gross production and solar radiation

Data of October and November, 1982, which are shown by open circles are omitted
from the calculation of correlation coefficients.
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Kigh, 7re7 40 g BORELXAHREETAOHEE (n=12,r=—064, p<0.05 LT
BERTOBREIED bt FLRFE OB OV T, HREY 7 AEWNBESEROBRE
LXBEREEOMIZ e 27 ) v AL LN (SR, 19823,

FLIIB2ESL ECEBER-5mX5mX2.3m OfREAR (Type 1 : Bir AERRRT,
1984) A TOBERIO 1 AFIFRBART, 1981 £0 St.E & FEEEC 40 ym LT 0O RIFREO
0% LA EH Microcystis aeruginosa D i i, REMFRATED RS b, BFFEOEHL
0umBl FOSE (193pml 0B 75 v o P v idBVTHD) e oBEFRED1T—
63% % b tc, Hi 1 um BT ORELSLFERED 12—50% % Hibic, Rk 20—40 pm O
i135—16%. 1—20 gm OFEIT 11-53% L e ot Thoo mw 7 4 A g B b DR HER T,
40 gm L & o 58 T130.23—0.70g0. gChlg™ h™', 1—20 m @ % B T2 0.62—4.15g0,
gChla ' h k7 h, 1-20 ym OFEIRLESVEET LI,

# 1 BrEgEA Gt E nRE2R-BEAR (Type I, HULEWSR
BT, 1984) =Rt 2 BAD+ 1 X FFRE
Table 1 Fractionation of community respiration in an enclosure (Type I : National
Institute for Environmental Studies, 1984) set up at St. E during the summer
of 1982 :
The relative contribution of each fraction to total community respiration is
indicated in paranthesis.
W.T Respiration rate (g0, gChl z~' h™")
Date i
4, Total 40< 20< <40 1< <20 <1 pm
22,Jul, 26.0 1.02 0.63(38%> 0.67(16%) 0.95(13%> (33%)
30,Jul, 25.0 1.10 0.37(21%> 1.01€13%) 0.79(17%) (50%)
6.Aug. 28.0 0.76 0.70(53%> 0.32(11%) 0.70(14%) (22%)
9, Aug. 28.0 0.53 0.31(34%> 0.34(14%) 0.75(29%) (24%)
13.Aug.  28.0 1.41 0.77 — 1.54
16, Aug, 28.0 1.51 0.49(17%) 0.24C 5%) 4,15(53%%) (25%)
20, Aug . 26.5 0.82 0.58(51%) 0.61(11%> 1.32(23%) (15%)
23, Aug. 27.5 0.76 0.57(57%) 0.72( 9% 1.23€22%) (12%)
26, Aug. 28.0 0.57 0.42(63%) 0.60¢ 7% 0.71(11%) (19%)
30, Aug. 27.0 (.57 0.33047%) 0.46( 6% 0.62(12%)> (35%)
2, Sept, 27.0 (.47 0.23(40%) 0.90(15%> 1.09(23%) (22%)
6,Sept,  25.0 0.51 0.26(49%)  0.58( 2%)  2.33(23%) (26%)

3.4 TP#Aa, OEEHECO VT

B fO—KEEIKE L EORBEZRLECE Y, CofBV—RAEER, BFR, HBREN
E b B B Microcystis aeruginosa L D TR T WD EE XTIV,

R212 1980467 A 2> 51982465 § £ TOSL 3ICk P 5 Ah R OERP OB ER UL 9 0
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Fig. 21 Seasonal variation in the number of colonies of Micrecysits acruginosa at St.
3 ; &, colonies in the water column ; ®, ¢olonies in the sediment

Microcystis aeruginosa © 31 » = — ¥ OFREHEEB * R+, KfTs5—6 AcEmL 10 A5 3 H
R CRd Lchy, ERF T, KPoR4vBcREE ), 8 ABYroRicliz, H—%
D felid 10°colonies m™ (¥70.3—0.4gCm™) ERACHEL, F-HHFTTHUED LI,
Z OB KbD Microcystis @ BIIBERPOED 1% LT T, Micracystis (2 9FKC KB ITREL
U, 9% EOREIERSCRET L, ChHOBAEEREE S L ETh st
EREHYEET S L OBEoEOT L ch EE LD (Takamura e 4l., 1984 a),

X223 St 3 ki KR, Microcystis D72 2w 7 4 g BHIH OBKLEIEE, Poull
UXAR—XHROULL L0 2 ) BOFFEMLYT T, PrattKBO LR L EDRE D TH
(iR 30°C) i 25 g0, gChla~' h & L7, £ 0 8 A, 9 Ao {E HER R L7288, 11
HEBEEE< Y, 1Hi20.120, gChla 'h ' ATt -7, BER KoL EbD
ZHENE 4—10 A ¥ THER—2T0.1g0, gChlg~* h™* {yFinst. m™?s™') A OEETRL
7, AR E < Fe DB 7R Ui, Microcystis D2 2 r 7 4 ARSI D OB RIEEHEE (Poax |
g0, gChlg h™") KR (T °C)

INPrax=1.17+0.076 T (11=T)
INPrax=—0.26+0.13 T (4 <T<11)

EFTz et (23, MEOEMOEIFETH - (F=512, df.=1, 27, p<0.05),
L1ed - T Microcystis i3 1°C BAF 18 % & A A MR A 5 & LKBEBMEAB L2 bh
L,
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K 22 St 3ekitakB, Microcystis aeruginosa DBERKEEREE (Poaw B
U¥ERE—FiEors Eoin =2 5 ROFEFE (Takamura ef al., 1984
b)

Fig. 22 a) Seasonal changes in the water temperature
The solid line shows the temperature of the lake water. Solid triangles show the
water temperature at the time of the photosynthesis measurement.
b) Seascnal changes in the maximum photosynthetic rate (Pparof Micro-

cysts aeruginosa
Bars indicate 95% confidence intervals.
¢) Seascnal changes in the initial slopes of the photosynthesis-light curve of

Microcystis aeruginosa
Bars indicate standard deviation.

LAk, St.3 D Microcystis DBHFRE, Prax, KER-L#EOTH B2V 258, BATOHEK
&3, AHSEEOSOOEAERY S & 19814 3 H —19824F 2 H 0 —4EBD Microcystis D—iK
EEGEYAEHTALH300gCm 2t ote, T OKEBER —REEER W 750gC mYD
#1 40982 L = (Takamura ef af., 1984 b),

4. £ B
1982 — 1983 SE O (A E R O F HIFENT 19791980 D F h (HAE- K, 1981) L Ri-Tw
to, ticbhth, 1979—1980F T, 5-8HICEC11-1R K KB & AHECECHER®RL
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Fig. 23 Relationship between the logarithmic value of Prex of Microcystis aeruginosa
and water temperature

foo —H 198219834 Tid, St 1 %X 7-11 AE< 2HERE k-7, ANBIEFES
BURSAPBATN A2 2 ACBEL 50 TREER IS S 4 KE & OB RL
RERBERABELE (Sts. 1,2) #BVCTHHE & GTEOHEBYR I o 7o, 2 - LT (198D
GHEERY TR TAENILT, 1) o752 v OBREE 2) ¥IEEBE KR, H
HELZCOBRBERRUV WMH7 702 b HEOERE ST T5.50—5 AYEKQ0-12
R) 20 THEY KT L, KR, BHERUVEEEREC OV TRARZERREDI
GEI 5, 1981 . &RAE 7 v — 7, 1984), St. 9T (L19794F % 0 Closterium & 1982% fk
Oscillatoria D RFEEC L HBRFROMMABEREBOBNOFRREE LS 2 LM TESHSLIT
TV EOFOEBHEFRE (Fra 74 A o) 1 138mg m™, 1982 E£0FIL 109 mg m™,
1979 DKL 113 mg m, 1982 D FXi2 116 mg m™> T AZEIL D o 1o, RIS 2ok BT 1979
FOFROFEAEEERIL762C m? month™!, 1982 % »FFi: 59 gC m™ month™, 1979 S D
¥2.51gC m~? month™!, 1982 4FEMDFKIL 77 gC m™? month~' & £ S bhic, 772 v
DS 1979 FDOFE 3 Closterium aciculare, 1982 SE DI 1T Synedra rumpens, 1979 DK
Coscinodiscus lacustris & Microcystis aeruginosa, 1982 55 ©#Y Oscillatoria agardhii & Micro-
cystis aeruginosa T, W75 v o P vEOEBVGC I AEBEEOR A -mAEER TR E I &
Ez bhis,

19824E10 1 & 11 B o E & it OscillatoriaD & BAKEHEE ) WRET 2 £ E



BHRT - ARk - EFEE

Z BB, St 3D P (gC gl W Nx8 A (KR 30C) @ 0.085 »EBAIETI R (Kki 20C
(1 0.071, 0.053, 11 B (KR 10°C) 2 0.050 TH -7, A St 9 THEE—9 B 0.074 EK
BT 10 Bt 0.059, 0.050, 11 Ai2 0.050 TH -7, St.3 & S99 10, 11 A D Oscillatoria B
TRAEMEY T T v 7 b richd HEE T FEII3%, Microcystis DEIELFEHHN%TH 5,
Microcystis DB XS A E KB CYRE SR (K23), 200CTR30CDL/2E 5, Ehic
WCKEBE0CD1/3ED, EZABBRD praxtE St. 3, St. 9 £ % 8 HO# 75%i L i
B0 Ty, Lehi> T 10, 11 B Oscillatoria DRAKXABEE LY KELEBEB Ao
Microcyshis RIS b)) b Z LAHRTES,

R24i25t.3 & St. 9 BITHXEAMOXFIMEE (photosynthetic efficiency) DEH & D
A TT, SR EEXAHEY AV (L <X Parsons ef gf. (1977) £B), i3k
BEIRDEL0.1-0.2% L ED > 70p 1981 FOE —FK, 1982 FO R 1 B VBHRATRL
foo FLTI1982FD 10, 11 Bix 1.5—1.8% L 5% R LY, RKRCEILHEE 752+ v
OFEHRT, MM AYEREY, 1%YHL 5 Lidiy (Wetzel, 1975 ; Brylinsky, 1981)
T Oscillatoria agardhii DX=F L F —FIHBE BRIICE V- EH X LR,

MM

’s'o N D[J‘Fr TR 's'o'u'oi.l ¥ ™ A's'o'N'D[J FWJW.. RPN i IFIM]

Photosynthetic
efficiency (%)

Time {(month}

B 24 St.3 &St 9 WkTLXERDNFHBROFFHEL
Fig. 24 Sesonal changes in the photosynthetic efficiency(9%)at each station in Lake
Kasumigaura

Oscillatoria agardhii \LERBLL BHOKE T, EX3LoBMCHERCECHRT A
o LT A (Baker ef al, 1969 ; Klemer, 1976), Baker ef af. (1969 X Itasca #T
AFEAFH Im ETOKDOS & TREEAEYRIT I L XHEL T2, 7 Mirror #1T
i, AR — BRI ARE L 0kE A 200C Db e d L BEEP Lict v S S 2D
% (Garrison & Knauer, 1983), B ¥ Tt 10—20°C OERIEC, 10, 11 H L&\ BHEOK
CESCESEEENE o, D EDMREAPY D L, ABLERE T, ERESCHEELE
% Hind, LALRBOREIT OV T E KEROAMI S 5 (Vollenweider, 1950 ; Klemer, 1976,




BrROMMT 7 V7 b vO—kEEE T VRACEERY

AEABRS (St. 1, St. 2) TIX1982 % 8 AK -9 A LA prax IO TEVVER R LTS, 8
A 24 BB RATHBEBEEORE0.011g m™, HBHBEEEOREL0.00lg mLLF
(KER5, 1984) LMoo, HBE-BHBREEEOR OB LR LALTLLE
BEHTAR P ZORA L 2EZ vy Parsons et af. (A977) 1IHM 7 7 v 72 + v D7 v 3 58
LR B A REE (potential photosynthetic rate) P55 2 L X ERBOHTRL T
o BEABRICO - ORMOEARY LS E, 9 8 B F T Microcystis &l 7 5 v 7
b BREEYHSH TS A 21 B 5% TMd L, i T Cryptomonas spp. »°
ST T v 2 P D 0% BT Prax SEVER TR L 2@ i Microcystss 7%+ 5 E BT
Y LT, B0 S 3 Tt Microoystis DEANIERHTH 100601 L St.2 T
it Microcystis D HMOEEE~D AL BRBICEI 57, 2D X378 AR -9 AFIDD pray
DELET, Microcystis DB MWL LBERLTVWAHEEZDIL, 7508 EbbAh =
A ATONTIL, SREFETLILEVRSEA D,

T SR A TIBE 6—9 A Microcystis D ARET 50T, BEPOWBY 75 v 2 + vy
1 ZEETA m U ER L0 AkER 5520 um DTORERIED TS, LALECEY
77 v (Bosmingspp.) OBRERRUSERSERAL LD (BTG, 1981 £E - £F,
108437, Bosming D=+ iph 0 ym LT 77 v e+ voEERIM L AKE V0TI
Vs PR R, UL 20 gm BT OXESBEE D TEY-§ O CH - 7=, Malone (1980)
LA EEE TR 20 m LT, 75 v b vnyany g AN h 0B OEERHEE
(Pra)@F v b 7522 1 VD Pae I DARL, 380D L DD, BUEAREKKTS
FarbhTyv-% (Westlake ef afl,1980), L LSRRI L EHETH -1, RAEDHEE
NEEVENZ TIREI TS0, 1982), SEOE O T — F ik, 20 gm LT OLE
DR 4 g BILHEY T I D UK TH - Enh, BEERS LY KL
‘ EERBTHHY, THIOFGED I a7 4 4 g BYRCYOFRENIEVZ L, ZO5HEO
MAEZERA I VECI2A2FTT, SBR20um DTOSEOEERYEET5 & L b1, 20 um
BTFofEoBYB% L Clbiy, —Roosggs trsglxBomy s v
7 b AEELED R TS (Westlake ef ol 1980), EEWMEME, J|rifdoT
AEEEBEWT, 20 772 P VRBELTVHEREF IV b OBRKEENEE
S A D EAARBCT S i, SBITY A ABORALSHEE, AERELS, BHOoXHRE
BELHELTRMEMA T LELAH L), BEEBRMTRF /7772 b VG TRT 7
A2 ASPNERFBERELETh DBy HEEATIE8 AE¥H D 20 pm U FOLEIC Micro-
cpstis DT b DM Ir ot BERATD 20 pm U TFo2EOBAROEMCIAEL
Micracystis DRAEZ I L fothidfe Hiayy,

Kiev fik#h, Tjeukemeer ¥% George TR ATEFRBOH 50%i3-°7 7 Y T DOIEH
LB D THLEEARTVBH (Westlake ¢f al., 1980), Br #EEACETH, BRI 1 um bl




BT - Bk - WEES

TohHsFREOCEETTEY 2% T, Chb LofEr 2 7V 7OEMC L0 EE L)
hifie i, LD TEDHEBO 75 v 7 F v OBEESRL, BAETEERD,

Mierocystis TEDBBEADRERD 80— 900% % Lo —FEMOBEER ILMH 772 v D
BEERE F750gC m™? vy o 40% (9300gC m™® vy W& TS, FEO PaiikEC
FEEN, IPCLETQu3# 2.1 THote, ZOKERY Pad tBDBOF ERAL L BT
% (Harris, 1978), Microcystis {IKR ¥ 11°C % FE15 &L SEw iGN > 5 & LIKERREBICA S
EEZLRD KA CEHD L Qi s by 5kt Goldmann ef of.(1963)% Harris(1978)
CHBEINT V22, Chb T2 5 Microcystis DBE L Qb h LD AR E E
SEVEISKLEX B,

EIEFD Microcystis D REED 69 AcBbL LI LRET S &, BIRRD Microcystis
GHRrLEAER L OREMACS T H R TIRCARCRRET L LEZLRS, oD L
EEA (S.3) OREES S AL IARBRALILL EVIEES (1984) OFEL LS
—FT 5%, 7221, Fallon & Brock (1980) = Livingstone & Reynolds (1981} (% Microcystis
DUERIXFOBFREOBRARIBRCLLZLBEL Tk, LEOBRERT TV 5, &
TA (St 3) Kki3% 198110819825 Ao EA T LR (Y ; g€C m™? month ) (@
B, 1984 i1 A oB4AER (X, gCm?month™) OEE L LTHET L5 TEL FEA0D).

Y=-3.84+0.61 X(»n=8, F=18.6, p<0.01) (1

LiztoT 69 AR AONBEBRBEERC I VRE -T2 EE L Tow,

BERD Y%L\ LA Microcystis #3132 40 gm Ll O 5B OSSR, KB4 25— 28C D
R ¢0.23—0.70g0, gChla™ h™ ' T#h =720 = DIKED Microcystis © Prayci321—27g0, gChla™
h={( 23)TH 50T, REOHIEE X Px? 3020 1 LT LHERNTES, —REHKOFER
EEL P 5209 Dl {#F41 TV D (Raymont, 1980) DT, Microcystis DFFR BT
BHTPEEV 2D, LENSTHEERIE 15, TMBoBRE b REHOREE LS
e, EEINCBECHKC T TAPRERLL2 TV EE LOND, Microcystis WP (FF
RE) RUAR (fMeE, EAR (21X Lampert, 1982)) BREIVNE L, TOZ EHNKRER
ERIT—HDOEREHEELH L EATES,

BEL QB ESEDT —2 X0, Microcystis DEER* 69, HREM*Y 610575
EBAEERIF300gC m™, WEER 140 gC mtE feB. Uit TREER D 50% 3 rER
AEH KB THBEINRED QUETAEEZLRSL, L LELHEER L L TELZOD I -E0
0.4gCmM P THL EDE, WELIL OO 99 T%RERPTRICIFEN T EEBLLND,

5. RENBEyBORR
1981 —1983FE D s v e 7 4 LgB L BEERYAFTORE L KL T2 5, K25, 1977%
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Fig. 25 Annual and seasonal mean values of chlorophyll ¢ concentrations at each
station during 1977-1982

Bars indicate the rang of maximum and minimym.
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WA EMNERTEL, | EXU-ODFEG, Tihdbb, 1, 1-3A, I 4, 5A, 1. 697,
RUIV. 10-12 B TEEBY#~% &, S92 CE GEIUR & & @IV o2
B R7 4N g BENENOER YRR T 5,82 EOFDBINE Microcystis DIRFRELBE 4 F
DFHED 2 &L e 7o, Fo BN Oscillatoria DRFEEDIDTH S,

H2AFLDO 7 e a7 4 4 g BEE—REEROBROERE LOHEX T DTHD,
AERTREIRTGCAMAIL 0.7 THRL CHEER P HEE L 72,1972 05 1978 F ¥ TOHFFL 7
me Y4 g BEILRE OB LL Ty oAt (3137, FH3mg mD), 1979 LI ERE



BHAT - ARk - KBES

% 2 B (St9) KB s rr 740 g BELBEEROFLE
Table 2 Annual changes in the chlorophyll a concentrations and primary
productivity at St.9

Year Chi{y) Chl(s) G. P N. P.  Method Period References
{mg m=*) @Cm2y™H)
(gCm=d™")
1956-57 54 (170) [1)22 0./1S 1y Sakamoto (19662, b)
1971° gsg ;Og “C/CHL  May-Oct.  Maeda ef al. (1974)
3 630 ‘
1972-73 34 63 o 0./1S 1y Tezuka et al. (1973)
1974-75 54 Tonooka & Hamada (197%)
1974-75 31 g% 0,/CHL 1y Tezuka ef al. (1975)
1975 30 Tonooka (1976)
1976 37 31 Tonooka & lizuka (1977)
1976-77 382 260 0,15  Jul-Jun.  Aizaki {1977)
470 B Aizaki (1977). Goda (1979)
1977 35 B 55 @0 0/ Jan-Dec.  ylna & Aizaki (1970)
570 Goda (1979)
1978 35 47 39 (400> 0./15 Jan.-Dec.  Aizaki ef al. (198]1)
: Iwakuma & Aizaki (1979)
1979 74 76 ggg (690) 0./SIS  Jan-Dec. Iwakuma & Yasuno (1981}
1980 64 59
1981 55 61
1981-82 5’2‘1’ (440) “C/CHL Aug-Jul
1982 81 101 740 (5200 "C/CHL Jan. Dec.

5.8

G. P. © gross production

N. P. : net production

Chl(y) : annual means of Chl.a

Chi(s) : means of Chl.z during June to September

( ) . estimated values

IS . in sifu method

SIS : simulated in sife method
CHL : chlorophyll method

* . data at St. 7

OfE (55—81, FHEImgm™) ML Tw5, $ARBO 7w e s L o BELEML Ty
B —SEERIERME @Cm*y ) FEMORBEOEAME (¢C m™? dD¥RLL, 1975
FEEn 7T — 4 QREES P 700 7 4 VERCIEREEO BHEYHV 57 FERECHR
ToorBETOT, BHOBETRETS L1971ELBEO T — £ 111956 —57F 0@ & gL T
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# 3 FHIECEM 6—9 A) #hFhoF KR & FHAHBOELTH
Table 3 Changes in the mean values of water temperature and solar radiation for
annum and summer periods (June to September)

Water temperature Solar radiation
Year {M] em=2 4~

annual sumimer annual summer
1976 16.3 25.1 12.2 13.6
1977 16.3 25.1 13.1 14.5
1978 16.7 26.6 14.0 17.8
1979 16.5 26.7 13.0 15.6
1980 16.5 24.9 12.7 13.9
1981 15.6 25.4 12_8 14.6
1982 16.0 24.5 13.2 15.3

AES ML TD, T, 1979 FUBRSMOER L bhis,

F 31119761982 FOFMEE VR (6-9 A) OFHKR L FHAHBEY SO BOTRT, 78,
T9ENBHFESAR, BPFHRARBE I CE» - EoRHKBRIATLE2TEEHICE
5, KBETKDLSLID—BYLHDBEER (GP;gCm2d)EAR (T;°C) nBE
FX (M1 '

GF=0.184+0.12 T

TRVLETCENBE 69D 4ANARMTH0gCm 3 BEERIE LS, T HEOFEHR
HEIFHLZMIm2d'Q00lyd DR D FBETRDASL2ZOA M b OBEER(GP, ;
gC m~* month™") & BHE (R ; ly month ) D EIFHEE (X 18)

GFPr=—6.6+0.0062 R

V5L 6—9RD4HAMTH NgC mE®H T2, AE L BHRIRAFEOELTIDT, K
REASFICLABEEROBENIL NS 100gC m 2 E XL LHTES, Licht-T, 1979
FLUREBLATOREERIKE, AFUACERCI v 3oL ELLRE, Fh 2
REe7 A g BOBMIBEER) vone XL (KHEL, 1980 AEMLETILEE
FRIMDEALECZDEALS,

HIHLBOEEN A BEOBELRBE L TA25E (METLIOCTTEERNLLT — 2 125
SIEABIgV), 19505 (4T 6, 1957), 19554 (OnfEkk s, 1957), 19564F (hn¥@Esks, 1959)
DEWILT VED Microcystis L0 %+ 1 BD Melosira 735 { MBLL Ty, 1957 48 (hndidk
B, 1959), 19584 (AfED, 1960) OE CHmE G REBE L/ch, 1999F (Km b, 1961), 1960
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F(RRAS, 1961) DE T Microcystis 58D Mougeotia 585 LT\ 1o, Melosira & Mougeotia
BN -TTFORICES Lis s e (il - B, 1978), £ D@ b ot, TRBEF »
VIV P TEBERINACERNTET -2 THLY, 1950 FROFHIIr 1 BCREO LD S
BlaA%<, Bt NERUBEREL -V RTHL S LENS R,

6. LW

1) BrfiE@®EA (St 3) LH0 (St 9) TI978-82 F0 5 FMOMH 75 v 7 + vEDE
FROEE Y F~7-, St. 3 mi#mv A D Synedra rumpens (F)4—7gCm™), Hil7 v &
D Microcystis aeruginosa (#75—8gC m™), #kid s 1 8D Cyclotelia sp. & Coscinodiscus
lacustris (VT 2gCm™, K132 YV 7 + 8D Cryptomonas sp., B~V EBD Chrysochro-
mufing sp. BUERO Chlamydomonas spp. (Thd 2gC m™2LUF) 8 E Ui, # 721979
F 3—5 A& D Closterium aciculare ¥36gC m™), 1982FE 10 A—-83FE 1 A7 V&
@ Oscillatovig agardhii (1 4gCm™) AARAELL, St.9 TLRABEOELY Lo, Synedra,
Microcystis & b HBERILSt. 3L oAk ot Or 41O a@3@dbhithats, L
2L 1982 EDE D Microcystis DBRTEBILAE4EOH 2B TRE 10 H-83% 2 A £ T Oscil-
latoria (B 7gC m OB AREL L,

2) BrEofRI0sc->nTI8IFEA-8IFEIATCA2E S CEAV-7re 74
B REER RO KGR —KROTH LAY & H BN AESRD Lz 1-3 At
oL P EGEREYTRLE, BAXEREE (proo & FREE A E 4 KB YR
Lz, 2L, EBRABRE (St.1 & St.2) T, Microcystis %+ BT 8 Bk-9 A
DPrax IO TEVER R LA, REERISRABERIZERLE, o sSitE i, &
HEBKEEHEYTRLY, L LEREABESYBRGTHAR L GHEBYRE koo, Bl
TORIMEL 1982 4 10 BT 130 gC m? month ' BEMEIIFSE 2 BT 7¢C m™? month *TH -
oo FRBOOEMBEER (19828 48343 A) 1768gCm 2y ' C 10 SO FCHRE
A R,

1982 FOKICEEERSE L -0, 10-11 8 (KB 10—-20°C) 1w R4% L 1= Oscillatoria
agardhii © praghimbrotoiob b E x bl KO e 2+ —FRYRIB-7(1.5—1.8%),

3) ERATIRINLE REORCHY 7S v 2 POy 1 AJBFR, XEREERY
FEREELYHE L BRERER 0, m UGB S 20um BT e 7 v g BELTE
ko 10%FMGTH - 720 40 um Ll EDOZE D 90% L L2 7 w 8D Microcystis aeruginosa T
BRTVA,—7 20 ym L TFTOGEL Ly 1 BPEB AV EEL S0 5105, 8 Hhin b Micro-
cystis DEINIAE L F <A ERD L 51T 57, 800~ 1000 «Einst. m2 s~ OXRBE w7 -0 &
EOEEREE L, THIR-9A9HOFEHT 40 ym L ED5EL0.0522C gC ' hY, 20 gm
LTFosEt0.017gC gC h &4 h 20 ym LTFOHFELEC YR 72 40 pm Ll
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o WE O E B i1.0.23-0.7020; gChle™ h™Y, 20umBLTF o 73 E O F R EE10.62—4.1580;
gChla' h™' & 20 pm LU T OB A4 E BT 0 B A 7o d L HEE S i, —JF Microcystis
OFEREEIRENEEREECHN I SO 10T TSR,

4) BEAT 198082 Fih T Microcystis aeruginosa DEERE ¥ H 7, MK PTit
5-6 Az, 10—-3 A CEA LEAERPE 8 AR -9 Az E-BEl L1,
Microcystis BRI KB B L XOBRERG CTEET L :EF L bR, B—20ERPOH
FE0.3-0.4gC m L&D 9% CHY) TH 7o, Microcystis DRANESRERE T KED
BT o EACE, IIC LTI s & S (KEERBBIC A B = & AU B 570, 1981
3H—1982 -2 B ¥ CO Microcystis DRRAER, 7 ve 7 s AET30gCm?y 't BHETD
TEATEL, IOoKETERBEER (W B0gC m y DO 0% TH o1,

BEB (D OHEED T — 5 ¥ BEICT D & Microcystis OBEERD 50% 1EER &4k
TR L, B D 0 50% A TEEE L, % 0 99. 7% AETR L CRIC A Rt £ % b, Microcystis
RIFEREAME CMAEER S L, RENOTRESBEERICENEL CpEGEN, X
RAEFXBEREIT—oDHEREEL DL LHTEIR,

5 WLToree 740 o BELBYERYBEDOT — 2 LEETS L, SHETE 1979 FEL
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3. EFHCEBIAEM T oo v OFEHTENL
4 % (1981—1982)

Seasonal Changes in the Biomass and Production of
Zooplankton in Lake Kasumigaura during 1981-1982

fEEZESE « THFIFZ!

Takayuki HANAZATOQ! and Masavuki YASUNO!

Abstract

Seasonal succession of zooplankton was observed at six stations in Lake Kasumi-
gaura from 1981 to 1982, and the production of dominant species was estimated.

The standing crop of zeoplankton increased rapidly in June, reaching a maximum
in July at all the sampling stations. Several zooplankton species predominating in
July decreased by the end of the month when Microcystis aeruginosa started to bloom.

A large peak for the zooplankton biomass at Takahamairi Bay in mid-summer
was ascribed to a great increase in Bosming fatalis. Such a peak was not observed at
Tsuchiurairi Bay or at the center of lake, where B. fafelis did not increase very much.

The water bloom of M. geruginosa appeared to be one important factor causing
the seasonal succession of zooplankton in this lake.

The annual mean biomass of zooplankton and preduction of dominant zooplank-
ton species at Takahamairi Bay were estimated to be about 1.1 g dry wt+m~? and about
63 g dry wt*m ? respectively. The production and P/B ratio were higher than most
of those reported for other lakes.

Since Microcystis was the major primary producer in the summer and was hardly
edible for zooplankton, the high production of zooplankton at Takahamairi Bay might
be supported by the decomposed or decomposing Microcystis and bacteria.

1. iz

By OBy 77V 7 bV IROWTIET6 E0 bERA T PLCHESTHRTE ) (KE b,
1977 ) %F « B, 1979, EH - T, 1981 ; KHFH, 1981) £OKBC 289777 +
YOEHOBEI A LA IR LALEGRARE rHofioxR i torkBesvT®B -

1. By AEmEr 4SHREE 7305 HREREIES ASE ) 16 F 2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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TEY, BH75 v 7 vEELRE > TVWAZEPBE SR, FOBREr BB CREYT
W, BEA, DHA, WOLEOKKICETIBYT T v Y REDEHOBHERL L
O TZ ZiegET S, .

BT v OEERIBENDHES T I 2 v OFREEET B LI ARAEL, &
D ERBNAORBREES D RERBCKT AR L - T A3 TR (Hall e al, 1970
Schindler & Noven, 1971), Lo LB LB TH Y, ERFBLLLBOEL T vEOKD
EHNHBET DL EBYT TV 7 b v EREFINTE D L 5 2B L ShTy 5, Straskraba
(1966 T EXRED # oM TKEABHE I B 7 vEENEL LT hicff » T—RkAEERSRED
Lich, B 77 v 7+ vRZoBFRVEL LA - b7 rBUACERCEKREL T
WhEE I, .

FMETIErficiTh Microoystis PEHOR —REEBRY» T 2T 50 (4L,
1982 ; EAt D, 1984), FHRERLCEH 7 72 + vOEERNED L 5 kBRI H2DHL
ps 2 Sl D TP P A

2. % & |

2.1 W72 OERELBEROME :

B 752 VIR 19814 B L0 A 2E, Er#o St.l, St.2, 5t.3, 5t.7, 5t.9 B U 5t.12
DeE (D C, =vEA47 (EFESmm, £32m) YAVT2ES, 61 %EREAL,
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Fig. 1 Map of Lake Kasumigaura showing sampling stations
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bk, EREAKEVTREDRELE T TOMEOIOREMMERD, Adalsteinsson(1979)
DRVCIRORRE S CTHAROLERHT L= RiEHF),

pen e (B L) (Mgt

PtEL POIEE ¢ & -1 oROARER, B aER ok ETE (EB), N aRH gk
TELBEER, E GREN o850, W, R kit s —EEoEyER, T LR/
L -1OMOAY, DRBPORFAKYTT,

CORERLD, St1& St3nFRLhofFEhscswC, REEL-AYhYD P/B L
DOEICE 2a, b REhd L5 ERSED b, APECHRD B2 198155 198204k
ER FHREACKILIEARORTFR: coblRA YAV TEE LA, IRAROMD
Eodiaptomus japonicus » Pseudodiaptomus inopinus \IHMEB THD o Lxb, Zhbok
EREIEAEEIS LG L TAERBPHET LA, s, St.21o0Tit St.1 i X hifv-4
EEZONEZ EpS, St TRLKACEE-P/B KoLV,

2.3 Microcystis 133 2 R{EEE O RIE

Moina micrurg W2 T T = Ui Microcysiis aeruginosa, Chlorella sp., RUHEBZEE L
LOTBATE, ThbOWIICHT b RULEE R T, Microcystis 187 L b BRI X
hicae=—%o{bldDT, Chlorella (EERR T M. micrura ST OBEIC L T
EEINCOT, ®fEL L THC-BR, BRI RHEE X Chiorella i1 1X10° cellssm™,
Microcystis +2.0.32X10° cells*m™"T, Z#ds L% 2 ug dry wteml™Wied, T SDOTEL
Moing DIERBEYBL T3, TLESBAERTIR, InthoRRBEYRETHAIR
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Fig. 2a Relationship between temperature and daily P/ B ratio of cladoceran
zooplankton at St. 1 in 1983
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Fig. 2b Relationship between temperature and daily P/ B ratio of cladoceran

zooplankton at St. 3 in 1983

EEQEFEIZ L TEME T2 ug dry wteml 72 & 50 L, BARFEN 30, 60, 90 4T, &
Bkt s3C oR Y ALBEOORLOEE HLREEE Y RH 1, BCTF -~ LICREEOE
7Sy L AERER L, FoMITER Hanazato & Yasuno (1984) # -7,




BrHOBETI V2 v ORREY L LE

ILE R

3.1 BT o OBERE REROED

EMERAC TS 19815 L 19824, 5 A~11 AoTRHRAMOEH YR 3, K4KRT,

St.1 T, 1981 £ 5 A4 5B 6 Bt T 7 480 Asplanchna spp. (A, priodonta, A. siebordi)
& Brachionus spp. (B. calycifiorus, B. diversicornis) HvKEICHE L, 10 A Asplanchna 3
BUEGKREH L, B {HETI16 A Eodiaptomus japonicus D% < WHE L, REEOARI
@ 7 B LR Moina micrura & Bosmina longirostvis DR ETR Y — 2 DA bt WRBGE,
% %12 Bosmina fatalis ~ & AT ~1cd’, B fatalis A Uic 11 BiHEWY B, longirostris
AVPEHBL L A, 1982 X F O 7 4 vEOHBEIY - A7 L, Brachionus spp. © HIERHA
77 A ERERIEL DB ots, Moing & Eodiaptomus LEIE L o BEEEB D fed o fo s,
REEREE, MABGECE — 7 2R, LHL D& E, B longirostris D HBELA LR,
W= Digphanosoma DX EIce — 2 BB idc, B fatalis XFIERR, BHBETEOXROZE
RtV SHHBE L 2.4 LT 10 BiZ B fatalis 2SR Uiz, SEREEV 80 B. longiroe-
stris OHBEAA LRI,

oght 7= v 2 b, ¥ AT, Keratella cochlearts, K. valga, Polvarthra trigla, Filinia
longiseta, Tricocerca capucinag 2 1 1 B D HHEHEREHBE L, 2o —F4 @ LT Nauplis
A 117 0 Bt S EEBE, Cyclopoid copepoda 3, B4 Thermocyclops tathokuensis %
L, &l Cyclops vicinus Pl 11 M v B HEHEEERBR L,

St.2 kT HBEAROER)L St.1 LIRIERILTH by, St.1 XD Eodiaptomus O HEBE
EHE AT, W Digphanosoma 138D -7z,

St.3 TIRY7 A vHEOKXBEOHBLRA BRIh 10,5t 1 i~ B longirostris & Eodiaptomus
DMBE S B, Diaphanosoma (3% -102, St.2¢2St.1 & St.3 OFRYGAFETFERL T
foZ LA d, S TRERBAEIC Moine & Diaphanosoma B85 L, HRBTE BH
{C B. fatalis Db BESTAEA H -1,

St.7 TRV &2 vHOMBEN AL, B longirostris DBz b Hhitd -z, Eodigptomus
OHIRE S A leh oo, 1981 vt Eodigptomus 2 HBIRT 58N Psendodiaptomus S HIE L
to. ¥ Diaphanosoma OHBE A R8BS, B fatalis 3 St.1, St.2, St 3w H~Td7k
rofoe SUT CHBMBTRELY Moina, Diaphanosoma, Fseudodiaptomus »B & L, fBRSBD
i1 B. fatalis, Diaphanosoma 785 L1,

St.9 THEMorE A KO Digphanosoma H S L, 1981 % 7 A& Eodiaptomus O H B
T ABN Pseudodiaptomus D3 7c 0 BB L4, BoBOHBEFKEL e -1,

St A2 TR St.9 &L A LRETH » o, HERER TS bedier 1,

FHAERRRCREYT 5L, GEA® St.1, St.2, St.3 E#L, KEPD St.9, St.120
ML EOEH 2 — v EHBRER ED o h, LHAD St.7TTREEDOPHBERT S
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Fig. 3 Seasonal changes in the abundance of the dominant zooplankton species at

Stations 1, 2, and 3
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Fig. 4 Seasonal changes in the abundance of the dominant zooplankton species at

Stations 7, 9, and 12
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mahtc,

SW2HEMBOZFKEERF L6, St.3, St.7, St.9, St. 12 0BEEROE{LEYTRT,
St.7,5t.9,8t.12 Tk 7 AOBHEBTAICEHFESARL AE (), BRATEIIREHE -
fro —H, St.1, St.3 Tl GRBERATICc—&SV-BAERYR LS, 8 ATEET
BURVREEFREOY — s 8 ink, I 50mab B (6 A—10 ) oHFRCH~ZE (11

A-SAIORFRIEFEL CEhot, TOLDFRIOFHRFFIREHAOEHREFR L » b
DR Te - GE L.

B rotirer
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Fig. 5 Seasonal changes in the biomass of zooplankton at five stations

FROFEHBERIL, m*Yih T, St.l, St.3, St.7, St.9, St.12 o FH S VT 1981
FERFRFR0.89g+m™3, 0.32gm? 0.18g-m™3 0.19g-m™%, 0.13g-m 37T, 19824
BFEhFR0.35g-m™, 0.31gem™, 0.17g*m™3, 0.15g-m™, 0.1lg-m2&7h, BEA
TRLEGE LD, B0 LI ER~EBL o TES it of, LA L Chd m?4ic b ic e
T2k, St.9St.7 IR, St3ERhSTLThEEE L hdh oz,
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* 1 EBr@vsBoEyss sy OEHBEER 4ER RUP/BRE
BRALBETO b oHEEE

Table 1 Mean biomass, production and /B ratio of zooplankton in Lake Kasumi-
gaura and the estimates of those for the total area of Takahamairi Bay

Mean Biomass Production P/B ratio
Year Station (g dry wt » m™?) {g dry wt *m™%

(June-Oct.) (Annual) (June-Oct.) (June-Oct.) (Annual}

1 4.48 2,14 192.6 43.0 90.0

2 4.13 3.42 193.8 : 46.9 56.7

3 2.86 1.35 65.1 22.8 48.2
1581 7 1.27 0.64
9 2.46 1.13
12 1.41 0.60

Takahamairi 2.3 1.16 63.5 27.1 54.7

1 1.59 0.84 60.4 38.0 71.9

2 3.13 1.53 118.3 37.8 77.3

3 2.74 1.32 81.8 29.6 61.4
1982 7 1.17 0.61
9 1.91 0.92
12 0.9 .47

Takahamairi 2.00 0.96 61.5 30.8 64.1

3.28M73 0 o NEEROKE

E1C 1981 & 1982 D St 1, St.2, StIKIoRAEE ey y v i vy agofE
BoOREEYTT, IRTALOENCER L ERASGC ST AEHELRLL, #ESR
tAESAEMC ST FEREBCR LAY, FRLOBERMSEMORTFREOANTT ¥ &
WA Eb, TOETHEREY YT s 2 EOEMOEERICE-b D LEL, ZofEd
BOTEHH TS v 2 v 2O SEBFERICHTS P/BIREXFHELL (RD. TOKRE, &K
ACETAPHADEERIFS L F 60g dry wtem™2 k709, FHo P/B R HERNE
Wi B0 P/IBRIDVA T EEVEE -1,

3.3 Microcystis 1233 T % AMLEREORIE

& 6 . Chiorella, Micro.cystis, BRUOHEEXBES L bOXBEGIR I L ED Moina micrura 72
P LR %R T,

Moing micrura @ Chiovella it 5 FELEE R 0.024 & 709, T hicH~ Microcystis 13
LCi0.005 & & <, = hid Microcystis b Chilorella & RRRERML % Moina macrocopa & #
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Assimilation Rate (gC.gC~1 1)
o 01 0z
T T

Chlorelta
1 x 108 celts,m~ 1

Microcystis 5
0.32 x10° cells.mi~!

c: 0.5 x 106
M:0.16 x 108

¥ celis.mi~1

® 6 Chlorella & Microcystis R LI E &0 Moing micrura OR{LEE

Fig. 6 Assimilation rates of Moina micrura fed on Chlorella and/or Microcystis

7t % (Hanazato & Yasuno, 1984),

Chiorella & Microcystis DR S RT 5 £HDOEHLEL 0.01 T, Chlovella T 5%t D
Bt i Microcystis HBEIRTHHEOEMLIAT, T EALE L BD Moina macrocopa
EBi o7, Moinag micrura 5% 0 Microcystis ¥ FIR Tz L RRBEL TV,

4. % ¥

7 A YEOBEEHFHOTEIP L GEA B SLLTELC L EEE CORE LR UL -
tois, B Asplanchna spp. & Brachionus spp. © 2 87, BiEO#MEDRE Keratells %
Polvarthra DB EIA LR -1, 7 A YEoBSRCRETEYHS L5 1Bbh 3,

WAMD Moina micrure /LRI E Tz M. dubia & L. 0Iods, BEACECTHT H AR
BLAVIERBUT Vi, LHELSHEOREETE, 2EHTC 6 ATH»L 7TA EGAFTD
HFHRCHVFEERo Y — 7 23 bRi, L1983 dAbhTkh CGRERF -2, fl
ENFED L5 Ebh3, SEOHEIA 2EADHAE T~ H L, MFETRA1@T
BHoteDT, ZO Moina D —2%EL2bhaholcbDEBbhs, M micura (3B H
KR ABBECcRLARC, CoBBY 77 v 2 vORFROKZLES 259, i
AEFEEIE-CENLBH T s vREOT TNV BEELETHLLELLRD,

BRAO S, St.2, St3CABRIPLO St ORIk - BRETEROBREROKRE
7t ¥ — 742 Bosming fatalis iC L 53O TH otc, BRI REERAAEGV L b BT,
HERHRTE Micocwtis P ELCHBELCEREEOHFROAT G2 4D A L5 1cihcd s, YoH
T EICE T h B fatalis UAOREORTFENLEME { Lo/ FfAbroduli+2ER
DEEL TS L0 L Biohis, '

B A3 % Bosmina longirostris & Bosmina fatalis O A1 b OB Microcystis O
WHEOR & —B L TkY, B longirostris OV & B fatalis OB Microcystis 57 Hined
BEGRAE - TV 5 2 L AVREEE ke (Hanazato of al., 1984), ¥ 7= Moina micrura (KB OE




Br#fioBmT sV P rOEHEREEE

WER OB b BB L (Murgun, 1975), EZSOERTOERERTY 30°C W5 EBXETE
WHEEE YT L (RREET - 2), 000 b bTEr SR S0 BRI AEE, -
fro Moing CEFHTHAEETHLdHRC L > TEHOBEEOEMAY L2 5TV 5T
BEM L METE V0, EAEFERI ST Microcystis 123t 2 F{LEEMNMEM oo o £ b,
HRD Microcystis DIEINA Moing OB ML TV-AAESSH S, Thbh, BRECTE
CREENBE B 75 v 7+ OMBIIERBR MO Microcystis OINz X » T
B, Microcystis ¥o X - THREAIE X ey, U{RE X vt B fatalis B Elc#imT+ 5 4
D EFEZ BRI,

LE L1980, By HCECTKECHALEY Y7 v 7 + vOBRFROEBHOER It -
TuD Z ERBRTD D5, Microcystis ML B 77 v 7 + v OREBRLEHEHBOET Y E
CTRERFERE Lo CVBELDEERRD, L, B ETEBEIC B fatalis %D
iV oRMcER S50 THEL S,

HEACKT28HH 772 b vOTERBEEOEERIS I L 60g dry wtem 22 HEEZ R
o, CORGEMEOSRD 5 v 3 2 v 2 8 (Cyclopotd copepodal ® 7 A EDEERDA -
TR, Chbd DY T 5 v 2 + v EBOEERRIbEE { D TREL DD,

rv iy a BB HARAL, QBN Y7 v b o RFEOREETY s, Bk
WTh /=7 )T AGERED D L EHETFRIPY T v 2 v 2EOFREEROB LF 30%
st ¥, Burgis (1971) o8& LLABTOME TS Thermocyelops hyalinus DB
BEEERMG1IASAYD P/BHISYBC, chirZr#MoFHor v i vy s BoBF
BICHTELRTEERYHTETLE, L5 Wg dry wiem 2& T fos ZHLECHETELL
FEHREOEERD 12t s, LaLy v i oV 2B ato bons<, grHte
BHAVC Thermocyclops taihokuensis OB RIED Mesocyclops lewckarti 76 ENBEEL T
LEDD, M7 b VR EAIREERC Y VIV a DT h R EDEEMAL I &
SRS, '

¥l avEY BEASSTORHMOEHETEN S L £ 0.16g dry wtem™*CEMp 7 7
SV REDRLE 7% EANED 5, Winberg (1972) & Andronikova ef al. (1972) TH&
DH w17 AvOEREO P/B it 14~108 T, Zohof kil 108 ¥ BRAC KIS 7 &
BoBRFRcHITEERLTDE, +ofidls I L 17g dry wtem 2& 705,

L Ledibihbor v i o valger s YEOLEROBEIIAERENTH S,
ToTRERHELAFENBEoAERCE SV THEBEEYEDD,

—REEFIEBRATHLNEZ R TR Y (BHL, 1984, thiBRALR28H7 7
VI YDEEREREL, IHCEALRECEE SR TS EOE HBIL TH (F 2),
P LEPRTLERAOA 2 Y —{Hi2, BEER 1 g 4729 500 » = V — 2 L(Hillbricht-Ilkowska,
1972), EEFEBEABEEAV/I0: LTESRER»GBRA L, ¥ REERIMAEERT,
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Table 2 Productions of phytoplankton and zooplankton in various lakes

) ) Primary ~ Mean Zooplankten %12;%}’6 .
Site Pertod PTOdUCtl(}I: Zoop]anktgn Product]og P/B Efficiency References
(Kcal-m™) (Keal*m™® (Kcal-m™% (%)
Lake Krugloe May-Oct. 36 0.9 11 126 31 WINBERG 1972
Lake Krivoe May-Oct. 135 1.3 17 13.0 13 WINBERG 1972
Lake Myvatn
(N-basin) May-Oct. 300 0.9 15 16.7 5 ADALSTEINSSON 1979
(5-basin) May—Oct. 430 34 43 12.6 10 ADALSTEINSSON 1979
Lake Naroch May-Oct. 487 3.4 55 16.3 11 WINBERG 1972
Rybinsk Reservoir  May-Oct. 500 1.6 78 50.0 16 WINBERG 1972
Lake Baikal Annual 875 0.6 81 13.5 9.2 MOSKALENKO 1972
Lake Red May-Oct. 1093 4.9 88 18.0 8.1 ANDRONIKOVA ¢f al. 1972
Lake Krasnoe May-Oct. 1093 5.0 111 22.1 16 WINBERG 1972
Lake Drivyati May—Oct. 1200 6.1 . 150 24713 WINBERG 1972
Kiev Reservoir May-Oct. 1210 7.6 199 26,2 16 WINBERG 1972
Lake Flosek May-Oct. 1435 14.3 419 29.4 40 KAJAK ef al. 1972
Lake Myastro May-Oct. 1574 12.7 177 13.9 11 WINBERG 1972
Canyon Ferry Res.  Apr.-Sep. 1620 11.8 216 18.3 13.3 WRIGHT 1965
Lake Batorin May-Oct. 1758 7.5 138 18.4 8 WINBERG 1972
Lake Taltowisko May-Oct. 1870 19.8 356 18.00 20 KAJAK et al. 1972
Lake Sniardwy May—Oct. 2172 8.0 99 12.3 5 KAJAK et al. 1972
Lake Mikolajskie May-Oct. 2474 20.0 386 19.3 16 KAJAK ef al. 1972
Lake Severson Apr—Qct. 2724 43 1.6 COMITA 1972
Lake Clear Annual 3250 28.7 246 8.6 13.2 SCHINDLER 1972
Lake Kasumigaura Annual 5000 5.3 (313 59.1 6.3
(Takahamairi Bay) June-Okt. 2750 10.9 313 28,7 114

BEERDOTE L LI,

BREACETLZ -REEEIATECY, BY75 v 7 v O BREIMOESEY L ARE
THL, LALEER® P/B HIHENS<, “hilBE3hibo¥M 1By Bl S
SAL, FROEEKRIHS I L 20C T Lrabi B S oL, By BTkEs 200
C UEoBHNEL, SEBERE AL LELIZDTHSS,

BRACKGEH T V7 b vk, BHCHEBD Y RBROFBEER~BTIE50IK2E R
BEEPLLTVBETERLS, BUAERYRET ARG OBALERERY LTV 23T
Ho, Fhcl oKPoFBEMRC AT {FSL O340 :FLLNE,

HHO—EEROKRFTI 1 X200 mBEOHEH T 72 b v IoTHhD, Hic
Microcystis "% D KBS w b T (5F B, 1982) B @ 75 v 7 + v T4 T% Bosmina




HroBhy s v v v OREE# L EE

N, R TESHOY A X5 ym f1THB L3 HE S D (Burns, 1968), & b Microcystis
WEEC LY T v 2 i FIR i Vo b (Stangenberg, 1968 ; Lampert, 1977, 1981a,
b, 1982 7 &), Bl k5 —R4cEN TEERY 7 7 v 7 r viEFIMEh b 0l i LB
hhb,

BEACKCTENCEY Y5 v 7 F vicFIRERBVEELHRD 20 ym LUF O A4 XDE
HORERIBOBEECHE~ATE-(5HL, 1982), ZO5HLOHELL, 20 pm LT
4 XOBEEEY 1gCom™, BANAREEY 0.01C-C ' hr!, HEEHZERAT—HEL
Ame L, BEIEOHKBORYHLMESY B001ly-d™") &b, SHKEEH— KO
5 A h X % 0.000421 gC gC~' ™ (yEinst. m™? s D" W L THERYEE TS &, 20 pm
LLFow 4 A0BHo—HOEERZRIF 0. 12gCom2E#EINL(EN, BE)., ShExb
Brb 1005 AR TRET S A0 M0 4ERRES LI £ 18gCom 2750, COKE
BrRALEEORS Y5 v 2 b v oFERBEEOAER 3 g Com™ (ERERD 1/2 ¥ RRER
ELT) IDmEh/AEyy, 20 k320 um UTFOBEOEER G CRBHT T2 D
HEEEPIMILTC RS,

BT o v T Y TRT A ARBART L LG SBE LS (B TEH (Pavlyutin,
1976 ; Peterson, 1978 ; Starkweather & Bogdan, 1980 75 &), BFE AT Microcystis DEST
LEH, BT s vREOHEON LY EL OB 2T I TRTEIAF AL ST
BUEEM A S L, COSEOVCTHELMILTW I L3SEBoKELHBATHD,

5. &8

19814E & 1982 ER By Mo 6 i TE 7 7 v 7 + v OBEREBZTRA, FLEHC S5
FEHHEOEERYHETEL,

BT o7 b OBERITNTCOREMATE AR EAL, BRBIEICRXEY
TlLte, coORMoNEOR SR, BRPBTT Microoysts aeruginosa DRKOEPBRE I N
LEEA LI,

B ATV Microcystis PR LT AT Bosming fatalis BEL ML, Z ORI
BT 57 b OREROKRILE — 7 BB, — 7, LBARBOTE, BT B. fatalis
ARBLIEAREROAEZR - s 3dbhlehofe, ¥, THACKTAEW T 72 v
DEHEET, ERALBOORMSTETFER LI,

BB & T, Microcwstis aeruginosa DKOEREN T 7 v 7 + v OEHEE MR T RELHE
Hicit » T3 L 5 b,

BRACEI LB S 7 2 voEMoFHETRG L. 1gdry wtem™?, FLEMCETS
FHEBEGOLERIIR L L 63g dry wtem b HEShiz, HERS P/B o k<
HERED -1,
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B, Microcystis B— SR EEEZED YD Y LHEH 77 v 2 + vERFIBIhic (v E2E2 b
NI ENBL, BT P v BE LT AT I TRTF I SAFAARELFIAL TV B &%
i bhd,

E: 3

BARECEL, EXAEWRHEHRIED, SREEE SNRTE RAELERES,
B FaldL, BEEE -t BaRER, RUEIEAE, CHES 1, Ta8mgtc
EB DGR, ML THERXET A,

51 B X ®
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Methods to Collect Deposited Matter and the Separation of
Autochthonous Matter and Resuspended
Sediments in a Shallow Lake

RERE" - HEFA' - FFEER

Takehiko FUKUSHIMA', Morihiro AIZAKI' and Kohji MURAQKA'

Abstract

In a shallow lake, deposited matter collected in sediment traps consist of particu-
late matter from the inflow river (allochthonous matter), bio-seston produced in a lake
(autochthonous matter), and resuspended sediments. Taking into consideration the
negligible effects of allochthonous matter far from river mouth and the effects of
sediments in the seston, a new method for separating deposited matter inte autochtho-
nous matter and resuspended sediments was proposed on the basis of the content of
various chemicals in phytoplankton, deposited matter, and sediments, such as POC,
PON, PP, Chlorophyll-a, and Ti. This method was applied to the separation of
deposited matter and the examination of data from certain observations at Takaha-
mairi Bay of Lake Kasumigaura, which is a eutrophic lake with a mean depth of 3.16m.
The rates of deposition of autochthonous matter due to chlorophyll-a content were
closest agreement with those due to Ti, while those due to POC, PON, and PP were
lower than those due to Ti. The rates of resuspension at different depths suggested
that the concentrations of such matter have nearly uniform distributions in a water
column. Particularly in regard to resuspension rates, lower values in funnels and
higher values in bottle-shaped traps were measured than in cylinder type traps. A
compariscen of different sampling periods showed that 1-7 days in summer and 7-14
days in other seasons were those periods at which effects of decomposition in sediment
traps were negligible.
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Fig. 1 Takahamairi Bay of Lake Kasumigaura and sampling points of deposited

matter

Type (1) Type {2) Type (3)

~ “buo
submerged 4
buoy moored rope
“sediment |7
—vessel
- Y
t
sediment
vessel L
.. anchor —anchor-

® oz Ty TORETE

Fig. 2 Moored types of sediment traps
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Fig. 3 Vertical profile of the contents of POC, PON, PP, Chl. a, and Ti in the surface
sediments at St. 1

B & RERVCDERT S, TI*BRERBRSGEVCHAAR LA EH, 0~2 cm BTkt
febvo RODTAVCTHEZINDEE LITEOR X S 17 500, St. 3; 200 g/m?+d, R
EEMEL St 1) 144, St. 3. 46g/mPed LK FAH, B2 FFY 1BV M 7 A EEET A ES
UL LT 0.05~0.5 cm MM+ 20, - o ERAH—cE X LIF bh b L EETh
W, BE B R EROEME LTREY 5 mm Ol A5 = EFESA - V2B,
F 1Tk 5 R T ERE RO PIE F 9l & E¥REY F L5, Chl.g, POC, PON ¥
SR AMINL, Tid PP TSt L) SLICAGTTEAITAERNRLRE, HEES
WELNBEhid s ioiod, R(1DD Cloit o RO EHEY B,

* 1 E#FER Gmm) T POC, PON, PP, Chl q, Tigg
Table 1 Contents of POC, PON, PP, Chl. «, and Ti in the surface sediments (about

5mm)

St. R-1 5t. 0 St 1 St 2 St. 3
POC(%) 367 1.627(18)™  4.97+0.45(23) 5.26+0.85(23) 5.85+0.84(23) 6‘.4510.?0(24)
PON (%) 0.27+0,18(18) 0.47£0.15(23) 0.65+0.13(23> 0.70£0.15(23> 0.73:+0.19(24)
PP(%> 0.15£0.07(17)  ¢.23+0.01(24)  0.25%0.02(24)  0.23+£0.01(24) 0.17+0.03(24)
Chl. aQ10-%g/g} 92+55(17) 97+35(24) 147 +568(24) 165+ 32(24) 184 £68(24)
Ti(%> 0.470(2) 0.492(2) 0.510¢2) (+.463(2) 0.370£0.016(8)
Depth{m) 1.5 2.1 2.8 3.5 4.1

* 1 average, * 2. standard deviation, #* 3. number of samplings
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Fig. 4 (1) Relation between content of Ti and content of POC in seston
(2) Relation between content of Ti and content of Chl. g in seston




BLU MR A BREDMESE L L oRE

S0 7 vEEIEET S Season 1 (1981.7-10), Season 2 (1982.6-9) &, Synedra, Cyclotella
D AEIEET 2 Season 3 (1981.11-1982.5) TH B, H2 R +DERELY ¥ L b, *
I DWMBT I vy ORI, SS EEMHBO—ANBRASLIRETEDLY, R FD
BEESTRT ERFLLAT A 3 DR, #Ik r 5 » 7 CHES N7 4+ = ORIR(1982, 7-9)'9,
77 v 2 b vintkR (CH0) 106 (NHs) H,POIC X BHIE®, L — o HEEw & 3 1976 45
BMREATOMYERT, PON SEKEVTRERO 74 210k, LidF—, BooHET
BohdboHMEWZ ELARS T I AZEDLVEREV25, LR GrizE 20— HkD
REYED,

* 2 W#H7 72 b D POC, PON, PP, Chl ¢ &
Table 2 Contents of POC, PON, PP, and Chl. 4 in phytoplankton

From the relation to  From the relation : .
Ti content in seston to §§ Aoko 1" Acko 29 {CHyD 106(NH3) 6 From the relation
H,

PO, to 5519
Season 1 Season 2 Season 3 Season1 Season 2 : °

POC(%) 37.1 30.4 36.8 345 344 377 404 35.9 35.0
PON(%) 5.8 604 58 516 7.03 942 823 6.30 6.4
PP(%) 060 0.62 0.66 0.58 0.39 0.70 - 0.87 0.86
ChLae(%) 055 -085 092 053 079 056 0.9 — 0.71

(4) BB ID Y

Ti, Chl.a, POC, PON, PP #H#HEEHH L LTR( 1)L v FhFh vy 2HEBLE, F4
VIIEEEETHVEMCFIR IR LA R, FREB TS v F o OBRTED £ 9 el
OB A REENE L LC3BREELLRD, COLBESCE TI LD vk
Chl.a X% %, POCITLS %, PONK LD %, PPIZL3 vOBEYTT, RBESH LD
St.R-1, 0 DfEEEHV-THLH, ZhbOHATREAREYOEEY ST Yt~ %, %
BKEL, 3L BRI,

5 &0 Yeudi oy E®CERERTL L, Yo, WTR Y I Y 1/3~12BENIGZE, %
TRE LCELS S ¥ MBS E D Lo L E Ao, & 5 LIcEN, POC, PON,
PP DB T 5 BEOHERIL 4 EEB TS,

3.2 + 7w T7oER, MEKE BT

(1) +7 9 7OWR

HILRXT247Dr 5 9 7L v BohicFHEOEBYOERER & Chl.a B% Type l D%
RIENTHHELTRD, TOLMMTOFEME L EEREY § LD, Type7Tl EE2H T,
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# 3 BTy TOMKEBORLIEBREO LB (St.1, Typel 335
i)

Table 3 Types of sediment trap and comparison of the measured amounts of
deposited matter

55 (mm) 82 ‘} 146 —= 116 Plastic Plastic Plastic
TYPE ‘]V I» 105 T
—— —
OF Blasts 103 Plastic 150
250 252 astic|
SEDIMENT | oy o glass |24 33 { I
TRAPS J l "1—3*“ _¥_ sediment
p—123— 48 16divisions 36 divisions
i
DRY ] 2.14%'+4.09% 0.16£0.26 0.043+0.05 0.11+0,13 0.13+0.12 2.85+1.75
WEIGHT (15)** (15) (143 (15) (152 (5)
CHLORO- i 1.55%£1.75 0.214+0.50 0.15+0.30 0.17£0.27 0.20+0.29 1.30£0.56
PUYLL-A an o ) A an (13 (4)

* 1 . average,

% 2 : standard deviation, * 3 : number of samplings
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EhhERbhiv, EHTI1EM, £OMOFEHTLAEEORMMEC, BAERL Y
Hv 7N vy, FHEEOANBRAMERXES 20T 5 2 X 5, Higc 3505 B 5
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Calculated resuspension rate
in lower depth (g/m2d)

Table 4
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Calculated resuspension rate
in upper depth (g9/m?d)
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Comparison of the resuspension
rates calculated by Eq.(2) at dif-
ferent depths

Fig. 6
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Fig. 7

EV#Hicks T2 RBROBERE ELORN
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depth of sediment trap
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Comparison of the deposited rates
of autochthonous matter at dif-
ferent depths

BAaEoFHENRE, H2 LTROMERRIC L 5 Gt.1, g/m’d)

Effects of lengths of sampling period on the amounts of deposited matter.

1982. 1983.
8.13-8.20 8.20-9.8 9.8-10.7 | 8.9-8.16 8.16-8.24 8.24-9.6 9.6-10.3 10.3-11.1

. 1 101 2.12 0.26 | 1.9 1.16 1.5 3.35 1.65

2 218 2.60 0.0 1.57 0.92  1.56 2.93 1.10

. 1 43.0 72.4 1618 | 73.4 1034 350 1166 1234

" 2 47.0 82.3  170.6 | 87.2  103.8 41,9  181.7  144.0
Sampling period(d) 1,1,1.4 12,7 13,16 2.5 3,5 5.8 14,13 14,15
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B b5, 7 TOoM O 75 v 7 F YUAOBRTEE SR EHEOHREE, (d)
TS, BVl RISEREC L 3 RBsH0%E, $T@oOBBYELD, StLR1IZE
BFoeAtvOREYS 5 Y7 b aeElh 5 TR POC.| 10.7%, PON | 1.69%% &
HEIREREOMBEL YE, COLDHEAREY I KBEYCRATAZ L L), 3.(4)Thik
ARICL O YN %, REBELSTAERYEL S, FARE, Mo coofiraslohio
L, A0 L BRI THE O L ST 5, AR TLIRABRRYGOEALFL
PEBYAETLI EAFEEING, cohd@), ©DFS LA TSR YERE I E
Vx5,

FZ (D) DEEEE £ 5 RHbibid Microcystis # XAt 75 12 AoBKke A + v O HEER
TV, B, 20CEiRE, BEL£HT TOSEERYRD T2, O TIRELORD
WP D ELBRICHT DR, WH Y RBRMGE 14 AT, MEO RV EEY W™D,
BEOITNY KD ETHIE, POCT A 0.032, ks 0.021, PON Tk . 0.040, & 0.022,
PP Tk 0.032, &:0.009 Chl.g Th :0.045 k.0.017 238 56HhTw2%, 1~28HEED
ARSI 1~3HREOFREE LR, ¥ 4.(3)OFHE,H S OIS T D HE
E L vz s,

BHEC(@QoEEYE LD, A(1)LY TIXRECSCaTHL I Lo b, vy HIOFRKNTEY
FT o LTl y DRINHET 2BEDOFTHNEROLE L - TW DI Ehibhd, LD A,
LE¥RAVTELL L, TiCH~<POC, PON, PP, Chl.a i3 uxHETH -2tk b v &L
B LEHRATLN, Chl.g THRO DL HEFABOEELKEZ - Litieh, M5 OHm %
FEHL gL, L LELARASMERY 1981 £ 6~12 HOoMK A b VgL, FhEhil
HAMOKM T 18 EfT -7 & 2D Chl.g D—KBAEE L, 6~7 A 0.096:0.057(7 =), 8~9 A
0.0047£0.0062 (4 @3, 10~12 H 0.098+0.040d7* (7 @) & 7z o7 8~9 B D Microcystis DB
G B S REESES T X o Ealhh b H5 5o 181 E0F — 2 ik oo b
DMELETATVEN, DL BIEHT 7 v 2 + vOSREENEEL T 5 THEEA T,
Microcystis 7% Anabaena, Aphanizomenon i1~ 5 » 7 HE T3 (A3 Mendota 3
THREIR TSV 877~ 7 t vORLEC L) v OESELT 5N SD LY
FWERLEEL bl bizy,

3.(HORBV L EDEEYE Lohid, BUHBTO AR TSRO S BREY
HBELTHTi & Chla WENTHEL EV-25,Chl gic>THEH 77 v 72 + voB LB
hEEESHEL ) ¥~ DOEEXTFHIALL00, Ti RS BB IS &, oY
BO L5 AEBOBEYZILI LN, HBT I v v EEROSBENAZVE
DEFXEL T 5, 7t Chl.a ¥ FEEEHA L L& 20 POC, PON, PP EDBLEEDH
EHBRYHETIRILTRUTO O ELLAD,
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Qhew=Yenma X Q=X C & (3)

rew=Q¥XCI-QEXCa=nXQ¥XC} (4)

LZIEHRFO A ThEhopBEYERT, HKE HnRFOFAREYOHGHAEVKERT
DEEHOFERBRYEET 2B A(3)0, LORENSE Y RV KETOHE ADE
BofHEnBREY TRT 28834 0#ERA»E 2 Lh b,

(2) MEAFRCL s s FUIDEORLE

3.2.(2)es W TH(D L Y EEEINLZEREX HIFBANENFC L 9 BbL b2 &b,
B2 EFOhCERSSKBCHLDBEH—ZGHL T2 TRy EE LN, T2 Tk
SO ERRU D, KBFENC bR & 2 Bk b 0 SRETBERE Y D, BRBEEY Wb Lick
0, REEHYEHORE C 0HBESMIKRL VREIND,

St IRHITA B KEAL VD77 y 7 AR ¥ e kL, BEEAE 2= DEBTC C=C bt
LETRERFEYELT, 2L W, DXL KE -2LT2L Cogka,

F4
Ca/ Ca=exp {J; _g, dz } =exp {ﬁ(Wp/Dz)(z—a)} (6)
ED KB BEY W ELT, BREEREL 0.001 & BB T DG THEI ALY,
.7 437X 107 Wh €7

CORBRAKERRMTOBRE Gk COHEN /2T ERD Woik W=4m/s LT 10m/d, W=
0m/s I LT26m/d & 75,8 IHAE A b v, ERONBEEED BIEES v TTa,
R e R EE G RINBEE A S0% LB AL D, A+ Vv T0.2~1m/d, BRT2.5~10
m/d E7e B EEDOEE EFALEL S & MITRBEAKRE {, G/C LIV 2 EXTFHRER S,
FLEr B CAFIRCESE L, FRCBYIHE D52 — v A B TH 52, Bo gy ik
TREZEFPELT, DA BEREATFEIRDL, ZORBR(2D) L VTN IER
HZETRABKBRCIV DIV EDLSVZ 0 HE IS,

5 3w

P EoigRs2EE8Thi BV-BBE0RBRECRERESLE L TR LI AEFBEYE 25,
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5. By BEEEACEUIIRRE F0FEICS VT

Characteristics of Deposited Matter at Takahamairi Bay
in Lake Kasumigaura

BERE' - HEFFIA" « FFETEE'

Takehiko FUKUSHIMA', Morihiro AIZAKI' and Kohjii MURAOKA!

Abstract

Sediment traps were deploved during 1981-1983 at five stations in Takahamairi
Bay of Lake Kasumigaura, a eutrophic lake with a mean depth of 3.16m. The average
of daily deposited fluxes of autochthonous matter was 4g/m? + d, compared with 46
g/m? » d of resuspension. Deposited flux of autochthonous matter on the basis of
chlorophyll-q had relatively higher values at points far from the inflow river mouth,
but deposited fluxes of POC, PON, and PP had higher values in backwater regions and
near the river mouth due to the presence of allochthonous matter. The deposited flux
of autochthonous matter, whose amount was in proportion to primary production, had
high values in summer and fall, and low values in winter. The amount of rainfall,
dominant spectes, and chemical composition of phytoplankten greatly influenced these
values. Resuspension rate was governed by the amount of the rainfall in backwater
regions and by wind velocity at sites far from the river mouth. The accumulated
amount of POC, PON, and PP in sediments was 10-209; of the deposited autochthonous
matter, and consequently, the residuals should decompose in the surface of sediments.

1. L&z

WHEICBT A PEEROPTCHATOBRBEYEORBER S KEREELAL VT, £L0
WHETEOR, £, FHEE FARBEHARS L OBFEAREZA TGS, ErHInR
171 km, EHKE 3 37 m OERBALOKALZEHBTH Y, SOHEEBR ML T - BRANER
23km?, FHKREI.I6m OBy BOF TR KEFBOBAL KR TS S, HENSEI R &
NEZ DKBE~DOFEFEHN L YERARIZLER 15.7t/8, £V v 1L I/AKHL T, BXESR
REEFEIOU/A, £V v I3U/A L), Wl L ZERAOHAEERBIAE VL LBIRTY,

|, Bz Er AELERED T 305 HIRRENES ARREr/ NI 16 % 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 205, Japan.
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BVHBOoEYIEY S5 v 2 v RS HETET Y x A0 A4 #(autochtho-
nous) OFENREY, FMAHRNFOREWI L 55 %H (allochthonous) DEtE, #HE EITFSH
NEERSELIVEEIATVT, BELALTOATERNCES S L5 AL oRERBYp L&
EF o EROGEEREAY TR LAY, & 2 TEOREY BT SEMIC R 5 S TO TR
BUERREOERE YT -0 THET L, HCkBREom Y, =8, £EFLCEHL UEh%
v, GRRZOHERRICREITEEYRRL .

2./ &

Bl rirdmRAf 6 5, T OREMRRWATNTH 28 OFKIRT 2 S 210,
LITHBEOBHAECH AR 1O SHATORBROZTHE TS, BRRYRES 77 5 —
P E TV EBAKEILSCR-1 L b i3 2km 2CCH S, FHlli2 1981.7~1982.10,
1983.8~11 7\, 1 EOREHEIL6~10 AT 1~7H, TOMOBEHTT~14 HEL, £l
THJ 40~60 B WEZER LB, WL 7 » 7oBR, REHEIBELCR L, hkHE
HEOBAL D WERELFR O HTUTLTT e, 22 TRERRTR S TR CTOBRA
BEy¥Lot, $A-PHYACAEXELBAL-BELH 50, -2 TEV-RUIEHED
LR IR A

WBHOCRER, LEY, €A v, REOBEESEKFE(POC), BEREBEHE(PON),
BREREY ~ (PP), 2ev7 40 agChl.g), F#v (T)) GBXEELVCRLLFETTIL
fro THLOGHFERYLEC I F» 7PDEA N VEBERYLEE LTolskBarEni,
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Fig. | Takahamairi Bay of Lake Kasumigaura and measuring points of deposited

matter
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1=(C—CR/{(C{—CH (1)
Q few ™ Yem X Q% (2)

== ) Q% @y (3
LQhew = Yo X Q¥ X C (4)
ZQRQW»:QEEXCG—QiZXCé=YAXQSSXC§ (5)

I CY Ch OCAMIMEMp, WM T2 b v, BRTOMEAOEGE, QCURNNBYEERE
BORMRE, BOGHRLC)ORET 7 v 2 A, and (TR /(KB TH D, v QUK
Mo b s BESEOFERBRYOES THET LV Rig Bk irs, 2 TikChl.aEE%
AUCTBESEOREBEE Q & L ERL h0%d EFEE Q Rty i, AEOHELEE
E#(4), (5)FRFRTHELN, 'Qui RIABRBHOEENALLVARNTH Y, *Qudy
RPABTOSR, BN L AR OENFET LBEORTARTH S,

3. ®% R

(1) HixE, @k, FREOBMBRLOEL

M2k StIERID QB QF BAthowR b »E(SS), Chle, KiE, RUHHCH
LEBEREAETOLNBRAEOEALY T, S TOBRLEOEALA LT 2 DA
T5, MAKOChLa EEFcE—7%HL, ThIVETEBAT QDY —-205H%, QRiL
kB L EFOHBEYET L LOOBBIED TAE, BICRE L OBGRYTT,

(2) R oMot

F 119817 A~1981 £ 6 AMIO&MSETD Q 5w, QX 2Q4, #KDSS, Chl.a, K
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Fro Yeull XD Q5. 2Q it StR-1, St 0 CHoME X b4, BT ye, yu, yeliZ LD

Bwr 1Q%ews TQNews QhewiT St R-1, St 0 TKEL, BEWRHARBYOBENFETD
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Fig. 2 Seasonal change of @ .5, @&, S8, Chlorophyll-a, rainfall, and water tem-
perature at St. 1" in Takahamairi Bay

%= 1 SRASHETORERE BEREOFLHME (1981.7~1882.6)
Table 1 Deposited fluxes and standing stock at five points in Takahamairi Bay
(1981. 7-1982. 6) :

rew (g/m?-d) Qi QM Q. Qhew Qhew  SS  Thiag Depth
(g/m?ed) mg/m’d g/m*~d mg/m®d mg/m*-d mg/l ug/l m

Yem Yo Y Yr

St.R-1 2.05 65.5 51.8 204 1160 13.5 24.6 3054 1243 1.7 17.0 1.5
St.0 1.96 4.47 5.61 11.4 349 12.7 1.68 323 71.5 28,7 103 2.1
5t.1 3.81 2,15 1.79 2.93 144 24.6 0.81 105 18.3 3.7 1H 2.8
5t2 4.39 2.13 2.61 0.72 66.5 27.3 0.79 153 450 29.9 123 3.5
St.3 402 2.30 3.00 2.3 45.7 25.2 0.85 176 14.8 24.7 107 7 4.1
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(3) ARBOFHEIL

F 2L EEIEE, MK SS, Chle, —kEER"™, BAREOSEHOFHELY ¥ 25, 1981
F LI ETIABRBOBERZDOARECLONEFET LS, S0 LB Qlew, *QhenDERE
BTHUL, FERBEIE, s, 247, SS, Chla 3EE<, £EWA, BL LS
RBAER CERYETLHRLRTCHBENRALL L LRBEEROBNE T TRSEA T TH
BREEG EREX BITFRRE, CETEV-H OOFEMMOE D700 2Q0 W HEER D 40~60%
T, BRKERERPIR,

# 2 St 3wkitaitBE HBTEERE FEE JBEOFHEL
Table 2 Seasonal change of deposited fluxes, standing stock, primary production,
and the amount of rainfall at St. 3 in Takahamairi Bay

Jan.~Mar . Apr.~Jun. Jul.~Sep. QOct.~Dec. unit
i .61 1.00 9.01*! 1.26" 5.41 g/m*.d
EH 32.1 36.0 54.0, 50.5 60.5 g/mid
Qe 5.6 9.2 49.6,10.7 36.0 mg/m?+d
'Qhew 0.22 0.37 3.35,0.49 2.00 g/m?.d
' Qew 34.8 57.7 534, 76.2 318 mg/m?+d
'QRew 3.9 11.5 54.0, 7.8 33.0 mg/m?-d
*Qfew 0.47 0.79 1.39.1.11 0.77 g/m*d
2Qhew 116 109 268, 256 21 mg/m?sd
HQhew 13.5 9.6 17.6. 20.5 18.4 mg/m?-d
ss 5.0 19.7 29.6, 40.7 24.2 g/m?
Chla 42 .4 95.3 109, 165 98.9 mg/m*
Py 0.81 2.0 2.5.2.5 1.7 #C/m?+d
rainfall** 140 389 282, 588 352 mm

* 1, 1981, * 2, 1982, * 3 EH &Y, gross production.
* 4, Ml 6 B0 ER

{4) 7, 8, 9 B LR O EE T

F3ICRSLI'TRKIFB 7, 8, 9 o POC, PON oA iE4 1981 48, 1982 47, 1983 &
THELLERY T, FR4CTIOHEMIOET KT B JBEKBCRT, Q% Qv
WBILIKD Z Edbnh, T AT 1981, 1982 h 0 BH LW 00, 8, 9 AT 1981 &
TRUECHANEBRC K ZE v, Q% QN T2 7 A 1982.4E 035 <, 8, 9 A 1981 FE0iHw
YOO Qe QT EDERR LRIV, FEeEEILSL 2, 3TLROND, R4 L huX
1981 SF OB DI 2 & Ao B 45, 1981 SELAFG 5 20 7, 8, 9 A O&FH DBEKE L 1976

504 mm, 1977 % 636 mm, 1978 4 222 mm, 19794 370 mm, 1980 %F 431 mm X 1982, 1983
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# 3 St. I'kisi?% POC, PON 0B (mg/m?-d) OEE L
Table 3 Yearly comparison of deposited fluxes(mg/m*+d)of autochthonous POC
and PON at St. 1" in Takahamairi Bay

IQEEW ZQEG\N
1981 1982 1983 1981 1982 1983

July 887 839 135° 519
Aug. 2958 442 865 2160 494 735
Sep. 6300 383 1253 1880 800 1197

Teew *Qhew
1981 1982 1983 1981 1982 1983

Tuly 142 129 35.2 298
Aug. 471 67.7 137 241 182 128
Sep. 1000 59.90 211 360 203 211

7+ 4 MEFTRIDHHBEKE (mm)
Table 4 Monthly rainfail at Tateno (mm}

1981 1982 1983

Tuly 41,0  161.5 2185
Aug. 112.5 143 .5 129.0
Sep. 139.0 367.5 241.5

G 2925 6725  589.0

FOREKENRLEDAZIC I EHbns, EIOBEBRIETETITI,

(5) ER#az TR SRBOBRF

EfROEE LFCERE, WERZOHKOFBHHIERL VA LEL00, [E8B - LTIE
H BARAREEBTLILAEEEIRS, LALBELV 2T EOBEOCRKE R+ — L0y
BHEFL TG00, BEFHK IO LS RRROKEMBATEL TEThAUEDBED E 2 TLA
HEx EHieos?, BTHTHY, BKETHRRCTEALEN S, Z 2T EoRESY
ZRLTERCEREY EWWRFBE, BABORBYFE LN EL Xibfz, B5 IS
kT QEEMBORAR, BRAEED MBI FHEL L T ARXRED 2, 3 FoOHE
R FHEEOM OB ERELY L0 5, BED 2RI AN, 3FI-F ¥ — 2B
FBLTVB, 5L DS R-1C KT HHEARE, WAKETS Wi, WiatoHBERRLRD,
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#* 5 QRLASEOME

Table 5 Correlation coefficients between @ 3 and weather conditions

Rainfall Wonan Wiax W ias
St.R-1 0.503 {0.256) {0.341) 0.431
St.0 0.012) (0.139 (0.165) (0.196
St.1° (0.06%) (0.298) 0.387 0.433
St.2 0.412 (0.270) 0.414 0,527
5t.3 0.394 (0.097) (0.222) 0.337

( DOTHBEAEI N OBEL v HEAEh oL D,

WA TR, SN TIERE, MERCIZESX LFAE LTV 20 TRV mEErbh
B, RICAGRZ LI CHRAGROSLITE QEA QU it~ 14 —F —k X2 ki3
CHIBOBELEIVA, Z) LEHMBTONEERYELDL LT+ ERT NS G2 hT
S,

4 % =

(1) TREOFERZ

3.(4)R~7 1981 5 - 1982, 1983 N FHANBEOFEERLEOEARL >V TERTS, F
DRAEE L TR{DBKROE - L B RAREBNORBOE, (2)BEOBLE, TR
EXrHFLR, LWTothFhi2Bs45,

FTHAREGOPEEYE L TLIS, R(DIEH 75 v 7 r VSO B £SO TR &
BEEFOhACERY BT A DICE LR TH S, HRCE TRERSE S TR ASIR
TEREHEECEN 1A - F - Ed R 0h, iABREYOL(1)Cs5 2 5Bl
Lo LK, A mifficse e, ARMMCaToBB82 405, F1 X0 StR-1, 0Tt

Sow® Yo TROLSDITHE, v, 1o wTRDLGDOLEHMICKE (Lo T\ 5, HEMR
2 XK 1978.6-1980.5 @ 2 M TOREN, WWE) D SS 5o A HREE, HR) v oSRI
ThFEN2.4%, 0. 4% EREZ TV, F)ITHHOTHBER, HH Y v 254 PON,
PP &FE2ZLND, ¥15t R-1ki35 Chle Z0H 5 2= L3N SS b5 5 POC, PON
DHRE, ¥ 30 @OHBEROFHLE LTPOC ; 10.7%, PON; 1.69% &7 o7, BkeA b
VEEEF LT DA LERYAES ATV S0, HABRBDERIOEL ) EFEG-boLE
Zbhb, 198110 A 22, 23 HOBR 24 S @A 1D 5 Bic 200mm (BH) ¥8Bx 5
RHE - 1oht, FOBRBADOHATO SS B ic POC, PON SROELER 3 R, Ml it
FHEREY b L L THARER L ) OBME~OFHRARME L > TV D, ZOLED®
A+ v DPOC, PON, PPEROB/MEX TN ENI.56%, 0.35%, 0.2% THh-t, ZhHD
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LT Cuik St.R-1 T POC : 3.16%, PON 10.27%, PP 0.15%, 5t.3 TPOC ' 6.45%,
PON : 0.73%, PP :0.17% T& b, #lzi¥ 1981 £FF M@ Gk POC : 37.1%., PON I 5.89%,
PP 0.55% T - 19, +icbhb Chle 3 LA LS VHRABRBYHREA TSI &l D,
Yer Yo Wik v d DE 8D, T EROMESD U v TREOBEAKLEL, 1O QRD S
SIckBAE L EELBRD, 1982, 1983 FRMICIRKELES, ZhODFETRRICHE
BB I I Q%0 <2 Q% w, Qe PQlan E s T\ B D LIZid, MARBYOEELDHLLD
EEIBID,

i (2ODRBEYE LB, F 628, 9 AMITOHIKER D Chle 88, C/N LOFEL
BT BB A T End, FRATAOHEI 6~ BOHEHEDFHTHL, SO TH 1981
i1 Chl ¢ SEAMEC, C/N WAE o bbb, = ORI Microcystis aeruginosa H3S
L#eAs, 1982 #4241 Anabaena flos-aquae, Aphanizomenon flos-aquae O HFEL &I -1 T
hLEEOBERC L PEBSEL - TLES b2k 5, C/N OBVt RE RO R
DEBECILADLELLRL BHI 6 EOCEMOMY 7S v 7 b kT vy v VETH
HL, SSIthid s RAMHEENM D% L B/EL TP, BRLIBFLLAT 4 a2 % EARAS
HECHH LT EDMEAN0% R - @& LTV 59, & TIIC/NIS.5, HHFETHL.0TH -1,
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BREDORANMBDEFTEI 2T VA, 25 LEbODREEC I VIEY L 5 FiclilE s h
DHERSRLDLENTEIND, 1981FD 7, 8, 9 ARID2Q%%../* QN i St. 17 6.4, St
2:46, St.3 52RO TS v b D C/NEIY, FEOWKEAL v T~8 Tk
AL, POC 10850 T BB CO MREAA R o o b D EE X B b, & ORI Chl 2 ©
SREE SO TP E ot Z Ebbh o TVDH, 2O EHE 3O L5 702Q et K Qoo
KEVHEXELLLDLELZ LN D, Fallon & Brock i Mendota #iC s\~ C, Microcystis @
HH Anabaena, Aphanizomenon I~ INTIHE L 7 » P IEHEIN BRI E L H
HELTHEBRMS L EomsE I —FHLT\V5,

* 6 8,9 A#ADEIAKEA F v Chl a/SS, POC/PON o EE iy
Table 6 Yearly comparison of Chl. ¢/S5 ratio and POC/PON ratio of seston during
August and September

Chl. a/S5(107% POC/PON
1981 1982 1983 1981 1982 1983
S5t 1 3.68 6.88 6.23 7.45 6.06 6.31
5t. 2 3.40 4.64 5.34 7.93 6.74 6.27
St 3 3.15 3.9 4.83 8.44 6.50 6.72

(2) BR~DHMEOHE

KL JEROWEDOER MY HE L, ERENEECETABEZREL IR
BOOFHHERFR Y 600~800 g BIREE /m?y L T DTV 29 BERC LLEERABEAMA
DEMRBAKEC L hl, HARESO AR 198 g/m?y LB, Lo LBRBOBRESHRE
OEMIIL <, B30 L 3 eBEMw LTk, £0FT 400~800 g/m* DAL D »To b E LD
D, SLICHTLEREE 0~2cm @ ignition loss M 23.3%THB I ELH, TH=ZD
K2 0%METH S Z L eERTh i, RGO ARV WAREBY L v BRIh T2 L
PR SN D, R TIIL S 31k 5 BARDFELBE CQ %, 2@ 2Qhw 'Q 2L, @ 5.),
SR BEYHOFENEE (EREFHEY 800 g/m?ey & L, FoKDCKERMED POCSE
3.56%, PON £80.35%, PP 48 0.22%, ChlLa S8 0% % ittob m), EUTe R + v O
EHREECERERE YL T THLNSEREREORE L T b O TH D, AREDILEY
g THAERBE D ERERGR I~ ESAN K E V- Lot %, POC, PON, PP &4 8
EREBRDO 8, BN L OB CERNHLEE L LTREL S, HENEOHEK LA
IS L ERHERRE S v TR —HL, 2FHRTRERTOBRSEYE/TIII -
TLIEAbho T3 LEoHER, ERL Y OHBEFENER, 5V XEHE N LcH




BERE « TR - FREEE

% 7T OHEMS, AREoFApEE L EREREONE (5t 3 g/miy)

Table 7 Deposited fluxes of autochthonous and allochthonous matter, and accumu-
lation rates at 5t. 3 (g/m?+y)

AAMFELRE" SAEERLNRE ERHERE

POC 310 22.1 5l.6
PON 64.2 2.2 5.8
PP 5.4 1.4 1.4
Chl.a 9.2 0 0.15
Seston 1467 622 800

* 101981.7~1982.6.

KADENFABD TREVZ EERETL L2 L5,

(3) B rokt®

RS HBREORERC L NEEOFET L2 IHROLhEGRADEY T LD, B
KEREAR, FHAR HEE P B2 LFOoREORERTT, KESH, Lucerne LT
BERBEMCOBRINLIBBETH D, LOFTH, WM, BEATEE R4 < "Hypertrophic”
EFEAB LD REWMBCH D, Esrom W TIXIESEHD Chironomus  anthracinus % BTV,
Mendota H TIIHEEHIE, ) v ERYHAVTEREE LIFBOBIE ATV, FRFHCILgiER
AT Z L X VB LFORBEYRV- TV A, F AR CHREARBYOREY Ti 4
BYAVTHRHEL TvA7, F 8 Ll Lucerne W& FFMe Bk EBBEREERED 1/5~1/
2DEBE e > TV 5, Lucerne BT PON I b2 7 Y # ARSOHEABIY LG, i
BEOLYCIEEE S L, WM TR - ROREF T o TRAGCL DI, B
BREORBYPAECTIRALL-TV2D04 Lhitl,

L4 LELUBRCET2E8EY RS L, EBsrom BT ERD 0% AEEETRELYS
DTHREND 2 &Y, Lucerne $Tit PON T 45~76%, PP T 53~86%® & @ #%, Rotsee HT
{2 PON T 34~60%, PP T 66~70% D 4 0 A BB L ) ECHUBEBCHBIhFIAZIA TS
= &2 Mendota W CHAE I NCEEED 60--70% 25,8 2 TILx » P OEERD 70~80%
29, KB CRRAERYY ST POC © 30% & PON © BY/HBARCHBENRL L
PRERTVE, BIRATHEER 656 gC/m?y, FAERBE 310gC/miy b s TruldER
D EIYBEIBAKETER L SHTHEEINT, BOYPKBELILLV-2 5, BCERFO S
BAL T4z, Mendota T IXEERD J0~40% P EREBCHR IR 1% ERT L LY,
Lugano 8 T2 EE R L 72 POC @ 54%, PON @ 53%, PP © 75% 2 #8475 2 L9, AE#
TS AR OPOC | 23%, PON | (0% A ERTHMENE Z EXNREAT VB, ZTHITE




T

BUHLUER L T oflic

B HEREAL

SHy  TBLTE% 977861~L 1861 L. u/0801¢ Antui/0B959  g'g €2 (Uede[) Aeg Lpweyeye]
7 1 aEN0 VA 6~ 661 et 3p ocuipy ot /O = X 6 (aede() mmnoueseN T
8 ¢ YZT X wp x Yo ltl/ ) BWG 3G :
10z BBBUNSIZIN 'Y Z % . . (zuPeu/D8WL7) . . }
o 70 1 ewesoy | (4 LHHEEYE B 9-F 6961 | D~/ IS (WOT) P/ DBUGRE  BAL Pl (uede[) vyezry -]
» HEURIEA X E8° 69618561 Pecll/D8R2°0~C0°0  PeW/DECH 0~60°0 BN L 80 (uedef) oyouf]
. . . Feey - .
s OI0WENES AQ pamaIady LUBI  H1ZL61-1261 £.,u1/0386° 18 (Ae/D3¢EY \wwmv%\u.mmmm ¥ G¥l (uede[) emng 7]
w 10 12 12ZBWRL] ) 1 0861-626T A« W/DBTZTCH) " e11(L ED & W1/ 3508% £e I (A[RI[-PUB[RZIIMG ) OuRBN] ]
w17 Pl q BT RE HOI~L 9461 P+./D368° 1 P~ /039 ¥gl 168 (V'S 1) B10puapy 1
T Thl  &u/OBZe LU PETCLBH) Lo B1IG 6 A (PUE[ISZILMG) 33510} "]
2 19 12 yasaog [ HUOBT-696T  A-w/DF2008) 85(L S4B AoqunBery 9z 69°1 (PUB[1IZ]LAG ) DUIBINT
) £a W1 /510) 5 .
W WORRTH  THOT2H  H1°2L60-161 Aquyainggy (A0 %_mme\um.mﬂ g7l g1 (RRIUA) woisy ]
UL JFY uolsuadsnsay pouad uoiysodx(] uonponpold Alewlr] mﬁumw%mt (;ueary SWEN

SIYE[ (] ur ucsodap pue vononpold Arewing g s|qel

HAR EHFT OB 8

E



RBRE - ML - FESH

I E3Z L 7 7h 4 E o 1, Mendota #C 73~78%, Lugano #C 25~47%, ABHT 53~65%
DABENLZ LEFRL, QCHBCARRATOS, 98EV I BTICHAETRG,

SEFEOMUTHE, ERE2 BTREORBIE, KRARSYWOEEOFE L & HBEO LB TS
BORESY % <, BIRTRE Lo s REBLATLRVD, Zhbid ¥ bhIEREAOH
EROFEHRE/AEROLZMBMA : RIEF L BRTORBYEHOMMEREIETXEV &
vz da,

5. BEbNiC

BrifmREAKRTS 1981~1983 F0BERFHOSHEZBE L. B CREEYRETH
T X 5Eins,

(1) ARBEEC I DA P v OFALKRE N 4g/m?-d BECH L, EROHE LIFEEK
WhaH Tt bg/mi-dBE L 1 4 -5 —KE\,

(2) BE#oHFEHEEZ Chl o« BFROBV-HATAE LV, LOL »FTHEIRD POC
SOFERBRBRHARBLOBE YT CHAR, 7 nEHTHEL,

(3) BEMOFANBREIAERLBAL LR, IS, £ifflicdin.,

(4) BEEOFENBRIEEGSEEY DY, BKE, W75 v 7 » vOBEER, SRSl
5T Tv5,

(5) EftEx LifBEREABTHRAR, BRTERRLV-REBCEEILS,

(6) Ao iED S ic BB E~ERCERCH¥ET 5801 POC, PON, PP T
1~28lLirh, B ERERBTHRENRTVHLEL RS  FIEHBE/ S ERDO KRR
OREZRTV2MFPE L EFELL, BEREFIBEIETAE,

32 A X |

1) Lastein, E. (1976) : Recent sedimentation and resuspension of organic matter in eutrophic Lake
Esrom, Denmark. OIKOS, 27, 44-49.

2) Bloesch ]., P. Stadelmann and H. Buhrer (1977) : Primary production, mineralization, and
sedimentation in the euphotic zone of Swiss lakes. Limnol. Oceanogr., 22, 511-526.

3) Fallon R. D. and T. D. Brock (1980) : Planktonic blue-green algae: Production, sedimentation,
and decomposition in Lake Mendota, Wisconsin. Limnol. Oceanogr., 25, 72-88.

4) Premazzi G. and G. Marengo (1982) : Sedimentation rates in a Swiss-Italian lake measured with
sediment traps. Hydrobiologia, 92, 603-610.

5) #  FHEI(1973) | FMIHURE SR T ERARE, CREE, 5 FREHSEOFHE LI
+ 255, 138, B oReE (1971-1972). JIBP-PF FREHHIFE 4 E HRE, 5, 40-43.

6) Watanabe, Y. (1975) : Seston and freshly deposited matter. In : Productivity of the Community
in Lake Suwa. JIBP Synthesis, 10, 65-68.

7) Koyama T., K. Matsunaga and T. Tomino (1975) : Geochemical studies on the cycle of carbon

— 100 —




By AERACK T2 HIBR . ottt

and nitrogen in a mesotrophic lake. JIBP Synthesis, 12, 115-123.

B AMAFM (18D kit s ) vIHEROTENES. XS "BEMY fegss,
B 115-R 12-5, 7-20.

9 &E f#-FRLSE-EERE (1984 BrHoRBEOPENT T, BULEREMNEE
. H545, (BRI,

10) @& - AL N EEE (19840 | BuHBc s o RBEOREFHE L FoRER, EirAEm
gEATE, 515, 73-87.

11) EflmF-SEEk- 25y (1984 Br Moy 77 v 2 t vOBRFRE L —k4EE (1981-1983)
BU 7 vEHEHOEERE. B aEWERRAES, F515, 11-56.

12) AFEEIAC1983) | ERO DR O RS BET 5 KR, B LoERRiTiags, L4253,
1-179.

13) dERmE— Q98D | By WM AF/IORBATSRLE( & OFFl. ELAEWNENRERS, $£21
&, 1-130.

14) &HRF (FE) .

15) B% #A9)  WENC LZEBEOBR-REBOE e 7 A LB T S BR. s LR
145-227,

16) BHEE - SRS - BRREE - PR Bk AmEE— Q8D I EBrficRETE T L
Microcysiis eernginosa ALK, EYAEWMAFHTAREE, £ 255, 3146

17) MUREEE (1973) © UL SfHEkibi, BESLE EEAEBERE, 39-166.

18) Fallon R. D. and T. D. Brock (1979) : Decomposition of blue-green algal (Cyanobacterial)
blooms in Lake Mendota, Wisconsin. Appl. Environ. Microbiol., 37, 820-830.

19y AR - Amsral - BARE - B0 - IEEE SR RKER (1984) | Br MERO S L Rk
WOSHsEC D SES N BXLERRFNERS, #5115, 157-173.

20} Matsunaga K. (1982) . Anestimation of allochthonous and autochthonous organic matter of the
fresh sediments on the basis of Ti content. Jpn. J. Limnol., 43, 113~120.

— 101 —



BUAHHRMFAESE #£55 (R-51-'84)
Res. Rep. Natl. Inst. Environ. Stud., Jpn.,, No.51, 1984,

6. BETHEILBUIIESLERYORHE TREE
BUaZ)H0HAMEBRBIIH T 5RBIIO>WT

The Distribution and Production of Zoobenthos, and the Role of

Chironomids in the Matter Flow, in Lake Kasumigaura

BREEK - KFIEZ' « BAHHE?

Toshio IWAKUMA', Masayuki YASUNO' and Yoshio SUGAYA?

Abstract

The components of zoobenthos in Lake Kasumigaura were T. akamusi, C. plu-
mosus, Tanypodinae (chironomid), and Oligochaeta. Their estimated biomasses
averaged in March 1982 were 9.9, 1.9, 0.01, and 1.5 gC m™?, respectively. T. ghamusi
was distributed throughout the lake and its abundance was closely related to the
amount of organic matter in the sediment. The distribution of C plurosus was
related to water depth but not to sedimentary organic matter. The biomasses of C.
plumosus and QOligochaeta were particularly low at Tsuchiurairi Bay.

The annual mean biomass {B.), annual production (F,), P./B, ratio of T. akamust
in Takahamairi Bay averaged for 1977-1983 were 5.7 gC m™?, 8.8 gC m™?, and 1.6,
respectively. Those for C. plumosus were 1.2 gCm™2, 6.5 gC m™2, and 5.9, respectively.
The production of these two species did not correlate with each other. 7. agkamusi
was adapted to low water temperature ; the instantaneous growth rate of T, ckamusi
was significantly higher than that of C. plumosus- at 4-10°C, resulting in a high
praduction of the former during the winter.

The annual emergence was 3.8 gC m~? and the rate of which was high in the spring
and auturmn.  The annual predation mortality of chironomids was 7.6 gC m™? ; that of
T. akamusi in the autumn was 6.6 gC m™2

The respiration rate of chironomids measured in laboratory‘ was a function of
body weight, dissolved oxygen concentration, and water temperature, the last factor
having the most influence on the rate. The assimilations of T. akamusi and C.
plumosus averaged for the period of 2 v from October 1981 to October 1983 were 19.3
and 12.3 gC m™, respectively. The net growth efficiency of T. akamusi was higher

1. BSERER £HEHES T 305 HREAEIEESEAE 16% 2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan. .

2. B AEWREF HES T 305 HRENIEES AEE NG 16 % 2
Engineering Division, the National Institute for Environmental Studies, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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(589 than that of C. plumosus (41%).

The rate of nutrient release from sediment due to the presence of C. plumosus as
determined in laboratory was a linear function of water temperature. The maximum
rate of nutrient release by C. plumosus, as estimated for Takahamairi Bay during
October 1981-October 1983, was 0.1 mgP m~2 d-! for soluble reactive phosphorus and
5.5 mgN m™2 d™' for ammonium nitrogen.

1. rUsic

Br#oEEBHHCOC T, FEOBEHIHROHET, ERALMLCOBRERTE LI
PICLR (KRE S, 1979 . HEE- L8, 198la), MEALHLTOEEEYOPTRTH &
AV I Tokunagayusurika akamusi DBERNE L, +4 = A VD Chironomus plumosus D
WEGL, P XOBRERREBNESL -7, S8 CHE-TH, 198la) TiEERCET
LHERBIThHih ot 7asar=2) 20HBEDIGZ 0L, ChbrRESTLY
BRIATVHRMESSDD L, XPEECHEEYT > TVWATHA I Z &, BRULA A=
AV ANPEC ZREECHGCEREOERRT- TV AEESS L &, SORMBEATIEE
[

FRETHITE MRS 2 EEBHORFRS ALY BOoNCL, KEERAKKZ A
19771983 F D= 2 Y 2 OREBEB L AEROLEH LR T, Ebit=2 2 ) »OFRE, ALE,
BRBROA A =22 ) 2L 2RBEOREY RS, 19811983 40 2 FHOEEAL R 1T,
=22 h b PERBEE YR T,

FRETIRORC AT NCRERLL, BERRY 7 7 v 7 2k mY% ) TRET D, Zh
FCORGEOMRERERTERL TH - O TTRNIREFERFCH|BELTSIALL,

2./ &

EEBMIERAD St.2 TT -7, 1976 E1 6 197845 B £ Tk =7 ~ v A - RS Y A
WL 1978 S AL HE S 40cm © 8 BARNRRB LT, LI 1979 FE 8 A»HEES 80
cm D 16 BRAMKES YAV TREYfT -, RBRMRERIIA A=A Y % Chironomus bl
mosus XV HHRETL ENTE, 16 BRAERZZZ ST H 20220 » Tokunagavusurika
akamusi ¥+ HBET LI LA TE L B 2EBORBRIERY v 7 A% 5cm ZECpET A
LHTEL, Bic | DB T3/ L 4 F AR, 19814 10 A2 562 12 B
C1EOEETHERLU BRY Y 7V 3ZEHTE0 2 » v 2 (BE0.25mm)D.45 5T S s,
BETr4 e %y b (NGGS4, BEO.4dmm) Thotondh, wA< ) vaEmiTiofHbiE-
oo BUGHLE TOMBEGEECRTL, 3AMACHE L. thboMB T2 501,
24 AT A FTREME DD B O T, 1981FERUNI2EDI12H L ERY v 7 A X ERTIS
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Bk S EERHO SR & kEE

Ay a2 (BE0LMAMM) DS5SBWTHY, RAREKTT7 I 2 v 22 ) 30ESHREF LS
HTEMRL 72,

2AY AKHTES L FEEFICEEY 0.1mg  TRIET 54, 105°C T 6 RRHEZROOL
EHEY0.0lmg ETAUELLL978ES ALEIOY v Pk 0%+ ) v EELTH -0
D, BEAYREL 019X RUTHEERYHEEL . 1P s X2 NW%7 42 —ATEEL, BEY
AIEL 7 EE 019 ¥R U THEL . EEB O FRREROCABEESREICHN = — % —
(M4 MT-500, it MT-3) €, ) v SEIMBTNHASEE LA FHBH Y v 4 TR
L L, -t 7F 5109 (T2 AA-II) THIEL.

EEEMOBr MBI KT 50H % B5 s, 19824 3 A 4-10 Hikf 2 km OB FHR
A 50 FTEY, =7 = v A= CHREHCT IR 4 v 7P ORI AR L 22 (B 1D,
BRI S ORI B R (SENA-DECCA MS-3A) Im X W e L7z, BEERES
M, BEARELFIOM THL, BRLAEEREEBETH M2 vk FTHY, 29 v T ARE
T, 29T rgsr=) YEBL CRRBERHLRY, BEBYHOHE, BENEXT-
Foo BRA (S1.2) A (SLE) ©2MET 16 BRDRRS CEEDYOERFOFEE D H
RN, 22V A vRERORESRY RS, FMETHABOMMD T S V2T T

1 Takahamairt Bay Takahama

A = 22.0 Km?

\ SO
‘i«"‘-‘ﬁ_ S \i-

= \
S

Bxein Tauchlurs

A =860 Km?

2 Techlurairl Bay - Edosak!
A =40.9 xm? ‘15
10
=5
-0
4 Ushiborioh! Besin (%}
A Z12.7 Km?
B la By 4KEETBERS K 1b EREB2Zm T TOLe { B
Fig. la A map showing the four basins of BEosA (19834E3 A)
Lake Kasym1gaura o Fig.1b Loss on ignition of upper 2 cm
The locations of the multi-point layers of the sediment in Lake
survey in March 1982 and the routine .
Kasumigaura

survey stations (Stations 1, 1.2, and
8) are also shown in the figure

— 105 —



HEGREK - KBIEZ - ¥R FH

F—wd hERYERL, 8 0-2cm OfEx 105°C T 24 BEIER S, FEHEEHIH0CT
IRFRIMBML, L= <BEERE (LOD #*Fbri,
ot ER (P gCm™) l#EgamnEsE, bbb

P:§(wi+1_wi)(M+l+Ni)/2 (1)

KEVRDl, 2o Tw & Nt hth, iHBOY Y7 ) v/ Backit 2 FHEEE @O
RUWE (No.m™) Thd, ROBHEREE » A &

7= (Mzepy — lnw ) /(g — £ 2

iz X bR,

WHROFREERE T AR thE (1976) oBMFEBEYERL THEL:, 7.5mlO"HEN 7
ABEBBRCHBEHKREHE L, 22V 2gRy 1 HTF>Ah, ER4&HTC YSI-5331 BRI L
D20 FENL 60 FEE TOBEREROBAEREXHEL, =2V 2 ARV ARBAKOE
FERXTEEYHMRBRCL TEREEBH L, =2 » RS cEig, eREcla
Biitze, BRoKBEOLI0CoEEATHEL., I EBFREKIDHLHLHERELZD
BEEXfT->TIFE-1

=AY HREOTER 19784 10-12 B St.1 TFHER 0.7m, B2 0.5m =R
TFA YAy FRIDOEEE S » 7 (Mundie, 1956) #HMCERE L, 3—4 B I ECEBEREIR
L, 7Abwarn) a5 » 705 ROE ST, BEHCLNLDLTWAT
», cOFRTRERCERMT Yy e v o R ED L Z LR TEY, HEDENE
WhEL bR, 19814 1012 H, 19824 5—7 H, 19824 10—12 Hici2ERR 0.7 Xik 1 m,
BEIImoOrf e viy FEIOHLPROFL T F v FE,St.1E SL.2 OFECAT TR E AT
BIEL, 2 i 1 EF bR AEIRL 7, B2 - TV 522 ) hREYRER T/, » 7 58D
v, BRO7ryAF IV KBEFCTWHERBEYSEF » P CERLE, ZOFATOR
mEniIlino EE 2 bt (Iwakuma & Yasuno, 1983),

A4 A Y A HRORBEEBCRITTESY 1982 F 7 B~ St.2 Lh =2 = VRS
TRYERL, ERETHISmmOF =2 vary Fr TAHOEEEHHYERELL, ZORYA
FBAOmMmO7T 7YV 27, BOESEIA12cm DI SKRTAL, Mk rflii-L=7
AP —VTREXToto | BEABICERAAET Y Lict A2 AV 28R4 4pilf, 25.045.3mg
wet wt=2.3+0.4mgC, »#=10, FHLEERE) L7 IETO>HAL, FEKOFEEE
BEYEELL, FRI20C, 26°6CRU20C D IBMIC, £45AD=A Y A% ARt 7T &,
HBELT2RAY AF AR T TE#5FBELBRG T CH -4, 22V 20RIH61 L6
FREETClHMERS S, HELEARHLHHI BTV, REHOAEFEIMER -
B (1984) 1ok B, Aok, EBEO 4 =AY A EERS . 62C mAHY L, “hilERAT
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BrECElsBERYoSHL - RkER

BRanlodd =2 ) » R KABECERL: (H788),

2 AU A ORRE Y KR ETEREE OB & U TETEIZ, Michaelis-Menten 0 & 5
HIFRRORI B TIIBHH T, KATEINLIBREFTHM SS ¥ BL/PELTHL BT
BB O R R ED I,

S5= ":E; (yobs. _ycal,)z/}’?nax (3

T ZT Yohs, (2 I HHD y OBENA, yea, 13 BHO x HICRIET D y OFEM, Wnaxtd Yo, O
DRI, B n 37 — S AR THD, MUAT £ — 2§D, BROMBHRDBE % T
THEER, SHELPIGCATESL ST,

3.8 R

3.1 ByBcHHET 2 ELDY
BrioBEEBHODT, BEROEV-ORaAY #T, 7HuavaR ) Tokunagayusurika
akamust, * A=AV Hh Chironomus plumosus, KU Tanypodinae B+ 2 Clinotanypus sp.
L Procladius sp. TH5H, St.2 K15 1981 F 10 A4 5 19824 9 ¥ oD 4 BOERK
WEROEVHEATET T E 12790, 1470, 100, 130 m2R T 11.1, 0.45, 0.006, 0.004 gC
m 2 TH o, APMO 1 - 1 X Oligochaeta @ St 2 T LFEFHBEHFR L 1.0gC m™?T
Bote, ThLOEABYORE/BERRURE, 8%, V)V YOSHREYERLORT,

OO AEEEEYIIE2CRT R THEA IWIFIZAFAEAAmm o2 7HY 7
- THERULAERR 0—4cm 0ERY 325 4 » ¥ 2 (0.04mm) THD, HELILLDTH D,
#14 3 v v 2 Qstracoda I EEHAERE B -, ThboB/ M EABHIERRATORE
Lo TuTens,

12 ByrBCS 2 ELEDHYOEASTH

M2 193 FE 3R 410 AnBELLESLBHOSHLTR T, =7 = v A - CRERKC I 28
KRR THLOT, KRERBH 10cm I CORFROBAGMELEL LR D, ORI, 7
HhyaA Y APRMERBLERCEBLIENTHY, +4+=22 ) 213 AR LOF{LHAO
B TH 5B, Tanypodinae ic-o\ T, FULBICEL - COBFEERAD B & &, BREEY
EhEmMAIEFELAH LD, LTFLEEROGH 4 — v ERBL WL EZDLRD,

THARCILPBhCLERD L g ABSFES ATV (H 1, REHTRLCRS),
TROORATHEESHOBEIFECEL - (M2,

2AVHeTht, FEOREHEVHEEE X Y R ALRE(ED, L,
IEKID%QﬁﬁAﬁuvaﬁofbﬁc7ﬁAViXUﬁﬁfﬁW.ﬁE#.ﬂvﬁ%ﬁ¢
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* 1 @yt 2E4EROBIREREY D o RE, B, ) VYERED
EHE/AERL

Table 1 Carbon, nitrogen, and phosphorus content on dry weight basis and dry/wet
weight ratio of zoobenthos in Lake Kasumigaura
Ratio to carbon content is shown in parenthesis.
Element content values are mean of three determinations.

. Element content (g g~') dry/wet
Species - weight
Carbon Nitrogen Phosphorus ratio
Chironomidae
. N 0.067 0.0066
T. gkamusi (L) 0.49 0.138 (0.0132) 0.19
. 0.103 0.0103
T. akamusi (A)® 0.45 0.227) . 0229) 0.24
. 0.078 0.0076
C. plumosus (L) 0.49 0.159) (0.0155) 0.19
. 0.131 G.0089
Oligochaeta 0.48 0.279) (0.0185) 0.19

a 4th-instar larvae
b Adults

# 2 19814F 12 B @S A St. 2 OEREE 04 cm AT S0 NELEY
Table 2 Small zoobenthos recovered from 0-4 cm layer of the sediment at Station
2 in December 1981
The opening of the sieve was 0.044 mm. Abundance is shown by the mean + SD
for six core samples.

Ahundance Average carbon
Taxa content
(1000 m~2) (pgC animal™)
Turbellaria 5+ 4
Rotifera 1+ 5
Nematoda 55 £ 25
Oligochaeta 38 £ 23
Tardigrada 1 + 1
Cladocera 4+ 4 3
Ostracoda 18 £ 11 16
Harpacticoida 6+ 2 1
Tokunagayusurika 74+ 2 8

akamust®

a : Mainly Ist-instar larvae
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1
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N N
= £,
Lo

(g€ m2)

M 2 9RFEIACEETHOBRFFTES
Fig. 2 Distribution of zoobenthos in Lake Kasumigaura in March 1982
a : Tokunagayusurika akamusi ; b ; Chirvonomus pluntosus
¢ : Tanypodinae ; d : Oligochaeta
Biomasses (gC m™) in 0-10 cm layer of the bottom sediment based on Ekman-Birge
samples are shown. Dots indicate 50 sampling locations.

B CEEESIEE L. CThODKBTIRT H 4v =2 ) #1REEES S - 108, 18
ATRAEABEEDEIG & o1, A4 22V 2REERA, L#A, TFHALEDOATLOH
D4 LTz, Tanypodinae 3 Clinotanypus sp. & Procladius sp. L b - TV, +
WAL FGARBEL, BRARCBLETREENMES - fo,—F, 1 » § £ i Tanypodinae
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HiREL - KEEZ - §8F5H

ERECGEDAZ v aR L, BRADLHMLEORES YKL, LHALILIFHATIIEE
PME» 2T,

FKICEABYORGFR I BREA L OEEY T T. 77422 ) 2 3EROER AR,
A=A ) A dKFEEREGCERBYFRL, BIRAT 1979 £ B b h o (Iwakuma & Yasuno,
1981 by ERL & &%, By BB VW TLREIDORI, 41 I I ARXTAav2Rr )AL
FaAVHOREREFCIEHBYTRL, EROAEDSELV LIKE L EEBLYTRLA,
Tanypodinae R EROEHHYESR L T OMEBEEYR LI, 4+ 3 i ALERAOHBIYTRLILEN
FRFE L, O L, EABYERETFRE LA LOBE L oM BB AN B bt »
1o

# 3 19824 3 RO riMioRAEBYO RS - RIFEN & ORIEBGK
Table 3 Matrix of simple correlation among benthos biomasses and environmental
factors in Lake Kasumigaura in March 1982
Number of data sets is 50 except for the data set relating LOl of surface sediment,
the number of which is 48.

1 2 3 q 5 6 7
Number T, C. Tany- Oligo- LOI of Depth Distance

akamusi plumosus  podinae chaeta surface from
biomass biomass biomass biomass sediment shoreline

1 . 285 256 L4237 404> 287" —.037

2 — . 105 .Db7** L 241 ,364%* .070

3 — .288* 293 198 050

4 314 L33 183

5 .545%* .354"

6 .448**

*  Significant at 0.05 probability level
* % Significant at 0.01 probability level

F4ich, BREA, HHEARCHOSO=>oKEHOELBHWEFREY R LA, LECEE
FE10cm ¥ToOMY, TERCHEEYDR E, THELR 0—80cm BI0HEM@Y T LI, =7
2 A CHRRBCIAEABYOREDE E 11, 16 BENERBC L IVBREINCELBY
NEJER L HELTRDI, THLLEEBKE R, Taavaz ) a(Ta), #4422V A
(Cp), 1+ ¢ 1 KON\ T, BmIAD St.2 TlERL R, E7,=0.50, Ec,=0.65, Eoig=
0.53, tHiA®DSt.8 TiENTH, Er,=0.60, Ec,=0.65, Eqig=0.57 Th -7, MLz
WO, WHEOFHYED, En=0.55 Eqg=0.65, Eoui=0.65 & L, Tanypodinae k=2
Wi, 19781982 SEDFEBIBRRBRIC L A BEY v T4 TIIFEBO Sem FTOBC LABRAL
profedC, BREHERITI LR,
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# 4 WFIAOBrBOEEDWBEE

Table 4 Zoobenthos biomass in Lake Kasumigaura in March 1982
Biomass value is the weighted mean based on the area of each sampling grid.
Percentage composition of each taxon is shown in parenthesis.

Number Biomass (gC m™%)
No. Basin . Area  of _ T
. (km®) sampling - ] C. Tany Qligo Total
points akamusi plumosus podinae cheata
Biomass in (-10 cm layer of sediment
1 Takahamairi 23.0 9 5.9 (80.2) 0.5 (7.1) .002(0.0) 0.9 2.8 7.4
2 Tsuchiurairi 49.3 16 4.9 {88.8) 0.2 (4,50 .017¢0.3> 03(6.3 5.5
3 Mitsumataoki 86.0 23 5.8 (74.1) 1.0 12.5) .008 (0.1) 1.0 (13.2) 7.8
4 Ushiborioki 12.7 2 4.9 (79.2> 0.1 (1.8 .002 (0.0 1.2 (18.9) 6.2
1-4 Total 171.0 50 55 (78.9 0.6 {9.1> .010 0.1 0.8 (11.8) 6.9
cf. 5t. 2 5.7 (BL.7 0.3{4.00 .000 0.0) 1.0 {14.4) 7.0
Estimated biomass in 0-80 ¢m laver of sediment
1  Takahamairi ‘ 11.9 (82.2y 0.8 (5.6) .002 0.0 1.7 {12.2) 14.5
2 Tsuchiurairi 8.2 (89.0) 0.4 {4.1) .017 (0.3 0.6 (6.7 9.1
3  Mitsumataoki 10.5 (74.2) 1.5 (10.6) .008 (0.1>) 1.8 (13.2) 19.1
4 Ushiborioki 9.0 (79.5) 0.2 (1.0 .002 C0.0) 2.1 (18.9) 11.3
1-4 Total 9.9 (80.1) 1.9 (7.8 010 (0.2) 1.52.1) 12.4
of. 5t. 2 14.5 (84.4) 0.7 (4.4 .000 CO.0) 1.9 (11.1D 17.1

KEFCL, LHATAA 2RV AL+ 3 I XOBEHFENEN -7, THAYa2AV 2D
BEZIHgCm T TROKE - Bitbith o1 BT v 1 ABNEEBHO 12%% 5
W, B BBYN AV H, B AR T I A AR A THS LA TWAEATER IR, EE
BeErET o RER, ESEERTY VRS, TATR 12 4gm™ 1.7gm? R 0.17gm™?
Thote, T St.2 DHFRE, WEAEOTHHERT L AERL T (.

I BrERREACBUAELEDHORERETH - £ &

331 7Havar) h0BEITEEEH: LE

342 1977—1983 D St 2 k1T A7 h & v = R ) hshRo FgEEE, FHEGRECER
HEOBEBYTRT, 978 FE 5 BHATOHRBHEHIL, =7 < v = CHRESPHEHL T ioD,
BAHECHD, LOLEEROFECEL Tl lEv Tl oto, L AThiHHR
L AR T A1I2ZA 638 CoOMIIROFRBII20cmEL NI & K E - T A0 L TH S (Iwakuma

* EEMORBEOKRES L Iwakuma ef af. (1984) 12X %,
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1977

= 3
Fig. 3
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1977—1983 FFOEEA SL 2B B 7 4 A ¥2 2 ) H OFHEFE, BEREERUCBEEROTH
Seasonal change in the hody weight, abundance, and biomass of Tokunagayusurike akamusi at
Station 2 in Takahamairi Bay during 1977-1983

a : Body weight (mgC} : b : Abundance (m~%) ; ¢ : Biomass (gCm™%).

Vertical bars indicate 959% confidence intervals for the means.
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& Yasuno, 1983),

ESI 19771983 ED St 2 LT A A 2 A Y HOEER Y E EBT, 1EOBAT 10
AIDBEDIHFCRESTHLFHLAATRAYROFATRIZEC L 2050 FEEHL
feds, MOPLIRCH 0% OHHEPERPICE -~ TV 270, MITFECEZRYoYhRL G
T HoROERBEOFEHERINE {73 AOYRBEROEMEEILR KA R/
EDFI 3 45 TH 10

HEORT LAFHRYRoFHEFEIFEOREY R T - Ian - (5,

AEEOE 2Ry o RCETHFRAGEOEERIE <, ToRIEFIM 2300
ERKEEBIhTWEI5Thot (B4,

201- a
y=-18.5+3.6x .
n=6
r= .70

10+ /

[ ]
.
L ]
§
| B e
b2
o
349 b
0.5+ o
o
i o
o
Q
0 ) | | ]
5 7 9
Tg (°C)

B 4 7HavarY hgRoEEREAFHRMOFHERBKE & OB

Fig. 4 A relationship between the mean bottom water temperature for the growing
season (7T, and the larval production during the season {(FP) in
Tokunagavusurika akamusi
a : Generation of the year ; b : Generations of the previous years.
{(Modified from Iwakuma ef af., 1984)
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* 5 SEASL2IERITAET N A+ A DR OAEREE (1976-1983)
Table 5 Parameters of production of Tokunagayusurika akamusi larvae in Lake
Kasumigaura
P : Production {gC m™); B, : Mean biomass in growing season (gC m™) ;
B; : Annual mean biomass calculated for the period from October to next
September (gC m™2); N, : Observed maximum density (number m~™?) ; @max :
Maximum mean larval weight (mgC) ; T;: mean bottom water temperature for
the growing season (C'C). (Modified from Iwakuma ef al., 1984)
Year
1976 1977 1978 1979 1980 1981 1982
Genration P 0.2 0.3 0.05 0.2 0.5 3.4
of the B, 1.1 1.1 0.8 1.1 2.2 4.5
previous Biax 1.6 1.3 1.1 1.3 2.5 5.9
year(s) N 800 580 610 640 1150 2040
P /B 0.14 0.31 0.05 Q.01 0.2 0.8
P/ Bnax 0.10 (.26 .04 (.01 0.2 0.6
Generation P 5.0 10.7 7.4 >6.6° 17.5 0.8
of the B, 1.7 3.4 2.1 3.1 6.7 0.3
year Boax 2.9 6.3 3.8 6.6 12,6 0.7
N, 3420 7950 6900 3580 12790 560
P/B; 3.0 3.1 3.5 >2.1" 2.6 3.4
P / Brax 1.7 1.7 2.0 >1,0° 1.4 1.3
Total F 5.2 11.0 7.45 >6.8° 6.0° 18.0 4.3
By 2.8 4.4 2.9 4.3 8.9 4.7
Brax 4.5 7.3 4.6 8.2 7.4 15.2 6.5
B, 3.3 4.3 3.8 4.0 11.0 6.9
N, 3760 8020 7380 4220 4130 12790 2610
Ny 2220 2180 2440 4220 4130 680G 203G
Unax 4.1 4.4 3.8 3.9 3.6 4.4 6.4
P/Bg 1.9 2.5 2.6 >1.6° 2.0 0.9
P/ Buax 1.1 1.5 1.6 >0.8" 0.8 1.2 0.7
P/B 1.5 2.6 1.9 >1.4° 1.6 0.6
Monthly mean Toee. 8.9 8.1 5.0 6.9 6.2 8.2
bottom water Tien. 3.5 5.2 5.5 5.6 3.1 4.9 4.9
temperature Tren 4.9 3.8 7.1 5.3 4.8 . 5.7
Thar. 10.0 8.1 9.8 8.1 10.4 9.1 3.8
Te 5.9 8.1 8.5 6.8 8.8 8.3 6.5

a : underestimation ; b: estimated by the difference in biomass before adult emergence and
that after the growing season.
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THAY=AY AshBROAREEREE, KR4 1ICoOLZEFBARMED). 4gC m2d %R L,
WCHETHEZECET L (Fba), 7H4v2A U A ROBMEREE I (d) 11,
St2TOI—ABoF—5 1o, 3-10C DEBRTEBOAR TCC i

=—0.016+0.0105 T (n=20, r=0.63, p<0.0D) (4)

THERINL (K6,

ThAYa2AY AHRO 6 FHROFEFHBTRE B, FHEER P, RV P/B 3t hFn5.7
gCm™, 8.8gCm2RU 1.6 Th-fo, FittfhRico>L-CoEFIME D Py/B, i3 1979 £%
BRCTEHTEE 31 TH - (ES),

Sr
a
L
4 .
i
S .l
aIE . . ®
0 L _J
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L ]
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2> 1 ':
S J:' . °
T O0b—vwo_o * . — 4
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>
5 -2 b
.1 o]
. cPo
0 '&’Omdﬁf—-q—-—q_%@%@%o_g
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Bottom water temperature (°C)

K 5 =Ai»D—HYh)0EER - EHEBAER & OBE
Fig. 5 A relationship between the bottom water temperature for the growing season
(T and the daily productivity of larvae
a : Tokunagayusurika akamusi ; b : Chironomus plumosus.
Open circles indicate generations 1 and 2, and solid circles indicate generation 3 of C. p[umosus
(Modified from Iwakuma &f al., 1984)
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Bl 6 7Har=2A0h3—4WPHSROBUERER L EBAER - OBGR
Fig. 6 A relationship between the bottom water temperature and the ifstantaneous
growth rate of larvae from the 3rd to middle 4th instar in Tokunagayusurika

akamust
The regression is significant at 0.01 probability level.
(Modified from lwakuma et al., 1984.)

3.3.2 A =22V »OBREEEH L4 E

R 7@ 1977—1983 6D St .2 it b4 4 = 2 Y 3R O¥HESKSE, FHBEEAKEUBTE
DEE A RT =7 <A - CEREREGYER L TV 72 1978 F 5 ALGIORFER & BEH I8
PHETHD, FEBROHECEL T, 7h2ovar ) hORE LR, BEXTHA)-
too A A2 AN M AEEY BTIEIBORCNS D, T34, 56 FRFI-1AT
HbH, KBETRINLORPLM L b =2 bh 29 H#ERY, 4—5 Ficou TR,
6—9 A ouTHA 2 BT 103 Qoo 3 e s & &3 5,5—6 A 0B il AR
1 R 2AERIGHIOT, 2L TRIOFEET—oDHELTHS,

O 1976 —19R3FED St 2 kit hA 4+ = AV HMBOEERL F Lof, 1FOEMI 10
A»bBEDIAITELE > Thd, HRELABAETH 20 FO0EB Y7L, RATHESE
AWECKET A TR EEH LS ER SRS (K7, E6),

AAazy HHROBEFREAERIHRMTH 0 EER L R 1RO 2CoVToEE
RO EHBHER By HEER P 6 FEMYFHL TELTR1.020.5¢C m™? (EH+SD)
RU3.1+1.6gCm*Th iz, R IV TiL B & P OFHzENnTh, 1.541.3gCm™2
BU3.4x298Cm?Thh, #HRIRU2LDOMEERALOh LM o/, 422 2hED
6 EMOFFHERFR B, THER Py RO P/B it hFh 1.2gCm™2 6.5gC m2RKs
5.9 Th-71, '

FA=2A ) AHHOERFEIFRELPECHIGT S 9C &£ 2CoHE<, -5 CoBE
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19771983 FEDFEEA St 2B 54 4= 2 ) 4 OFHEEE, BEREUCEEROTD
Seasonal change in the body weight, abundance, and biomass of Chironomus plumosus at
Station 2 in Takahamairi Bay during 1977-1983

a : Body weight (mgC) ; b : Abundance (m~?) ; ¢ : Biomass (gCm™2).

Vertical bars indicate 95% confidence intervals for the means.
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6 EREASL2CRILAAAY HGROLEHE (1976-1983)

Table 6 Parameters of production of Chironomus plumosus larvae in Lake Kasumi-
gaura
P : Production (gC m~%) ; B;: Mean biomass in growing season (g€ m=%) ; N, :
Observed maximum density (number m2) | wmex - Maximum mean larval weight
(gC) ; T, : Mean bottom water temperature during the growing season (C).
(Modified from lwakuma et al., 1984

Year

1976 1977 1978 1979 1980 1981 1982 1983

Generations P 4.6 4.1 ¢.8 4.5 2.4 1.8
1 and 2 B 1.4 L5 0.3 1.3 0.5 0.9
Brax 1.7 3.0 0.8 2.5 1.0 1.2 1.4
N 1750 1380 420 2180 90 1020 1360
Umax 7.1 7.0 3.9 5.2 7.9 3.7
P/B; 3.3 2.6 2.9 3.5 4.5 1.9
P/Buax . 2.7 1.4 1.0 1.8 2.1 1.3
T; 20.5 20.5 20.3 18.9 19.6 19.9 19.2
Generation P 0.9 7.8 1.3 4.6 0.9 5.1
3 B 0.4 3.2 0.4 2.3 0.4 2.5
Binex 0.5 4.9 0.8 4.4 0.3 0.8 4.9
N 310 2000 360 1600 0 360 1470
Wax 8.5 8.8 10.3 5.4 7.0 7.3 6.7
P/By 2.6 2.4 3.2 1.9 6.6 13.7
P/ Brax 1.9 1.6 1.7 1.0 1.2 1.0
T 7.1 §.1 8.7 8.6 7.4 7.2 8.4
Total P 5.5 12.0 21 9.1 3.3 6.9
Biex 1.7 4.9 0.8 1.4 1.0 1.2 4.9
B; 0.7 2.1 0.5 1.7 0.4 1.6
N 1750 2000 420 2180 90 1020 1470
P/B, 8.5 5.6 4.3 5.3 7.3 4.4
P/By 3.3 2.4 2.5 2.1 2.9 1.4

BEATIREEMET LT (B5b), LEEEORAML28C ©0.1gCm™2d"T, D
Fohavar) ADEFERO /ALUTTH-7 (B5ad,

AAar ) hHROBMERRE » § (d™) XSL.2TO3440F -5 L b, 4-20C ORI
ReEmKE T (0 OBREELT

r $=—0.0324+0.0084 T  (n=16, r=0.9D (5
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B 8 #+4=23H3—45REHROBEEERE & KB KR - ORGR
Fig.8 A relationship between the bottom water temperature and the instanta-
neous growth rate of larvae from the 3rd to middle 4th instar larvae in
Chivonomus plumosus
Open circles indicate generations 1 and 2, and solid circles indicate generation 3 of C. pfumosus. The
regression is Significant at 0.01 probability level.
(Modified from Iwakuma et ai., 1984)

333 7Havyar Y plddaxy A0EBEAR

AP RTET HAY2AY Bl aA Y DOLEROBREYT 2 »  LEOANRITHE,
ME OB O ot COBRELTHECERKICEIZEREEOR: (R
bRV DNELONS, BATHI KT Aoy 2R ) »OEEREREL TR XEOTFN
H1RCE—2%RT2, a2y 2] AOERPCRERMET LTV LdTHA S,

34 2RV HOEEER

3.4.1 FERGHE O FH,

BRECL-THLALPRREEY BRRAY 1L L TRFRCREL, 3he=a2r) 20
FREETRLTY, SEYLCVOMBREFL LTET., IOIS3 L THBLRAFRER r-(gC
gCld, BIFA'EET) ik, 22 2 04E wgC), k& TCO RUBTFRERE «(g0,
mDOBEY reCw, T, «)

relw T, w=rg, filw) £(T) f{a) (6)
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Fig. 3 A relationship between the larval productions of Chironomus plumosus
{generation 3) and of Tokunagavusurika akamusi during the winter.
{(Modified from Iwakuma ef al., 1984

TETOENTEREELLRS, HEL re BEE T, BERERE wickT56E wod)
HOREHEE @DTHH, Alw), A(T), Alw) ZBERTTHD,

3.4.2 7H LAY A OERBEEE
19824 1—2 iz St.2 CHEL 24 APHr>WTRIEL R, BNEERE FTtosh
HOFERFERE V, iTEOEE w LT T=4.22C T

log Vo= —2.968—0.349 logw
T=8.2C C
log Y= —2.768—0.355 logw
T=12.3C ©
log Y= —2.807—0.411 logw
RO T=16.3C T

log Yi,=—2.252—0.280 logw

(n=15, r=0.374) )
(n=18, r=0.792) (8
(n=22, ¢r=0.882) @
(n=16, r=0.779) (10)
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Fig. 10 A relationship between weight-specific respiration of Tokunagavusurika
akamusi larvae and the body weight in oxygen-saturated filtrated lake water
at 12.3°C
Larvae were collected from the lake in January-February 1982
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Fig. 11 A relationship between weight-specific respiration of Tokunageyusurika
akamust larvae and water temperature in oxygen-saturated filtrated lake
water
Respiration values were converted using equations{7)-(10)at body weight of 1 gC.
A curve shows the fitted equation(12). Larvae were collected from the lake in
January-February 1982.
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Fig. 12 A relationship between weight-specific respiration of Tokunagayusurika
akamusi larvae and dissolved oxygen concentration at 12.3°C
A curve shows the fitted equation(16). Larvae were collected from the lake in
January-February 1982,
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Fig. 13 A relationship between weight-specific respiration of Chivonomus plumosus
larvae and the body weight in oxygen-saturated filtrated lake water at 15.0°C
Larvae were collected from the lake in October 1979 and [anuary-February 198Z.
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Fig. 14 A relationship between weight-specific respiration of Chironomus plumosus
larvae and the water temperature in oxvgen-saturated filtrated lake water
Respiration values were converted using the regression slope of equation(Z1)at
body weights of 1 gC. A curve shows the fitted equation (22). Larvae were
collected from the lake in October 1979 and January-February 1982.
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Fig. 15 A relationship between weight-specific respiration of Chironomus plumosus

larvae and the dissolved oxygen concentration at 15.0°C
A curve shows the fitted equation{23). Larvae were collected from the lake in
QOcteber 1979 and January-February 1882
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Fig. 17 Monthly averaged values of production parameters for Tokunagavusurika
akamusi at Station 2 in Takahamairi Bay over a period of 2 y from October
1981 to September 1983

a : Biomass (gC m~) ; b : Production {gC m~*d™") ; ¢ : Respiration (gC m=2d"") ;
d : Assimilation (gC m~%d"!) ; e : Emergence and mortality (gC m=2d~Y).
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Fig. 18 Monthly averaged values of production parameters for Chivononis plimosus
at Station 2 in Takahamairi Bay over a period of 2 v from October 1981 to
September 1983
a: Biomass {(gC m™ ; b : Production (gC m~*d™") ; ¢ : Respiration (gC m™d');
d : Assimilation (gC m~2d"") ; e : Emergence and mortality (gC m-*d-").
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HricksT o EERHODN L “REE

TEC R 17 e TRLI =2 ) # OFHLRSOHBER T OV Tl — TR EEATHE 1 (Iwakuma &
Yasuno, 1983, 1984), R 7 1978 F L 1982507 — # N2 TEEH Lo, 1978 £ H{LA]
OHREEREE, BLRECOVCTREIETTHE EE LD, =2 ) #RBOERL, 19814
DFHLY2AY) ADORBEERGROTIRBEEL, 2.91/4.47=0.65 {Iwakum & Yasuno,

1983) % A\ Tk,

* 7 19781982 Fo@RALGE S i 5 = AV LMD BB

Table 7 Balance of emergence and mortality of chironomids during the period of
adult emergence at different sites in Takahamairi Bay during 1978-1982.
Values are in gC m™ Percentage of emergence or mortality of the difference in
biomass during the period of emergence is shown in parenthesis

Tokunagayusurika Chironomus
akamust blumosus
St.l St St.2¢ St.2 St.2e
1978 1981 1981 1982 1932
Larval biemass before emergence 4.3 5.8 9.7 13.5 0.8
Larval biomass remaining 1.1 2.8 2.9 3.1 0.1
Difference 3.2Q1000 3.0(1000 6.8(100) 10.4(100) 0.7¢100)
Emergence 0.3 am 0.3 (9 1.3 (18) 1.4 (A% 0.2 27
Exuval sking 0.2 (6 01 (5 0.6 (W 0.7¢D 0.1 (18)
Predation mortality 2.7 (88 2.6 (86) 4.9 (73> 8.3 (&0) 0.2 (24)
Benthic fish - :
& crustaceans ND 0.7 250 1.1 (6 ND ND
Other fish ND 1.9 (75> 3.8 (57 ND ND
Natural mortality ND g0 Co  00CW 0.0 () 0.2 (33)

a lwakuma & Yasuno (1983)
b May-June 1982, Iwakuma & Yasuno (19843
¢ No data

ThAY2AY B 1011 § o LMCH RO 38% (n=7, 1978—1982 %o St.1, 1), 2,
9 COFHEIIFLA T KRS AR RP LIc7 2 A v 2 2V hOBFROH 5,
B L THAC BB 9-18%D 0.3—1.4gCm*TH o7, BHEOMEE (§/ (T+5))
¥ 0.50 TH -7 (Iwakuma & Yasuno, 1983), 1981 FEORFI L H 7T H A= 2 U HEHEE
HEROBAED 5B 16—25% (0.7-1.1gC m™? nE4AN, F1r(HACLIHRATHY, B
DR E - THE T AR o Bkt o BB L VR IR L HES i, ECHEHD
HEFHFBOBMAED 5 bH0%IIHAC L Y BROFEERBCBITL TV,
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LY PR B CHERTRLL:, AESCIAHAERRT Y ava22 0 a Lo ddind, $l
REREOBEA RO 24%TH » 1o, ¥ - HRIET(ERPCHRCEEROBER S hic b D)N %0 -
foBER A RS,

3.7 BYrEEEALB I AR Az b s REORR

3320636 FTORRLD, BRACKEIAZESO=2 2 Y s b RECERYE LI
F LD, 181IF 10 AG 19834E 9 A CO 2 /MO F -2 ick-3%, 1-3 8, 4—6A, 7-9
ARV 10-12 AOFHERRD L, FHBEERREEE SV L ZE 2 oh B>, T

* 8 1BIFI0EMH 1983 FE 9 AT TOEEASL 2itkitaar) A0FE
maAER
Table 8 Summary of production of chironomids at Station 2 in Takahamairi Bay

during October 1981-September 1983

Production Emergence and Mortality
Period Mean biOE]ﬂSS (g€Cm™d™) (gCm=d™"h
(gC m™) Produc-  Respi- Assimi-  Emer-* Preda- Natural
tion ration lation gence tion mortality

Tokunagayusurika akamusi

Jan.-Mar. 5.42 A5 066 .181 .0 .0 .029°

Apr.-Jun. .02 002 002 004 0 0 0

Jul.-Sep. .0 0 0 .0 . 8 0

Oct.-Nov. 1.03 007 .023 .030 .022 072 .0

Annual 1.62 11.2° ‘8.1° 19.3° 2.0° 6.6° 2.6°
Chivonomus plumosus

Jan.-Mar. 1.81 019 029 .048 0 .0 019

Apr.-Jun. 70 020 027 .047 012 .007 009

Jul-Sep. 55 002 .01 013 004 002 003

Oct-Nov. .49 015 .013 028 004 002 003

Annual .89 5.1° 7.2¢ 12.3° 1.8° 1.0° 2.3°
Total

Jan.-Mar. 7.23 J134 096 .229 .0 .0 .039°

Apr.-Jun. .72 .022 029 .051 .012 007 009

Jul-Sep, .5b 002 011 013 .004 002 003

Oct.-Nov. 1.53 022 .036 .058 026 074 003

Annual 2.51 16.3° 15.3° 3L.6° 3.8 7.6° 4.9°

a Including exuval skins

b Mainly natural mortality, partly predation mortality

c gCmy

— 130 —




Bt 2 ELEPOFH L AR

b%%ﬂAviKUﬁfﬂEWO—mmnK,¢*12Uﬁﬁomfmﬁﬁ0—wanEﬁET5
BEFHLTERDL, Lo TEBRORWEELLRLAT7 1 4= 2 ) AOEEHEFRL
1.62gCm2&ish, ERFOLGHDFEHHEFRED 9.08Cm™2 (F5) o 18%TH -7,
Thay=2A Va0 1-3 AORTRILE R L BRILDEFIA-Or bRl b3, RO S 1-2
A (B 17e) AEHAEB4.5-5.7CTHHDT (L), BRTLI»ARRCOEIArELE
bbb, HREO—ETHEDL T+ H = Macrobrachivm nipponense i3 7 H A2 A ) AR &
L e, KR 4C CTHREEELCTETLOS (Iwakuma & Yasuno, 1983), 44+ =220
AT 4—12 BoPLR EFECRE, RTOPBOF — 2 2 HWTHTELL, 1-3 A
DVWTRT A AYaR ) » EABRCECOATTRERECCIBEDEHTFELL . =AU 2 S
BROLET1I-3A>4—6 A, 1012 A>7-9 B L e D RC@E CFVLBh - 1o S, R 10-12
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B 1012 B@bot, Br@CitiEYy 7 v 2 P vOEENEGCEMO 79 Bz, = A
U A e D REORRRE L, ORI TECC &0 ot 2 A Y A OEREILE
ECEIRL B L TROERSE A, BERRHoACRUL Yy ERYOBRECTFIT 5L E L
g, =AY HOEXI0STHY, BOFHEEIMDCK 2/3 THZDT, RLBOL 40%
DEBHOBREREELORD, Tibhb 3. 8gC m*0# 40%D 1.5gC m2OHEH 1 EOR
Ao ELRTVD EHES R, FRERE~FH 7.6 gCm 20y ficgdi L T
LEHEINI,

3.8 #F 2R HYHRICS HFERP/EOHAR~0ER
Hr#EoERY AR TiCAF =R ) pEEYMA D L, SRV AR 27 EHEL T,
PO,-P BEX U NH,-N BEX LR T 5 2 s 5 BB I N5, NO-N, NOs-N o TS
T EEI R o (IR AR, 1984, RBEEBREOMMOZ 5EM D, £4=2A YR
OEBEYS ) OFBREBHEEY RDONHIITH S, PO P B NH-N owThid
20C DA ECHEEENSD LR LERE D -7, PO-P £ NH,-N 0BEHEE @ BV Q
(mg gC ' larva d") #345E 2. 3mgC o>, kR TCC) kb
{~0ﬁ9+a0m77‘ (T219.9C

= (29>
0 (T <19.9°C)
—~7.1+0.561 T (Tz212.7C)
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0 (T<12.7C)

TEIhic (K19,

B 75 v 2 b vRh T OB IR EEC Rl L T\ % (Satomi & Pomeroy,
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—131—



BreEs: « EHEZ - BRNE

4r (a)po,-P

¥
Y=~.69 + .0347X _*_/

§

o

s

»

L

)

o O -

5 10

° [ {b) NH,-N S

= L ——

® = Y==7.1+ .Sy

E s}

@

: ot A~

= a

z
0 1 1 g
10 20 30

Water temparature {°C)

K 19 EREMNOBEHFBREGENREBETCO 422 PRI LIER-LOE
TR E O KR L OBIR

Fig. 19 Laboratory results of nutrient release rate from sediment at oxygen satu-
ration by Chironomus pliomosus larvae as a function of water temperature
a ; Soluble reactive phosphorus ; b : Ammonium nitrogen.
Vertical and horizontal bars indicate the range.
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Fig. 20 Rates of nutrient release from sediment at Station 2 in Takahamairi Bay by
the presence of Chironomus plumosus larvae over a period of 2 y from
October 1981 to September 1983
a : Soluble reactive phosphorus ; b : Ammonium nitrogen.
Curves were calculated by the equations(24), (25), (29), and(30)using the data on
number and body weight of larvae, bottom water temperature, and dissolved
oxygen concentration at bottom.
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@RAIhTv3 (Andersson ef al., 1975 ; Willén, 1975 ; Wielgosz, 1983), —h b0 TIIEH®
FVBRBORERETEAL i AR AF 225 2 OBMHAEEL TV L5 THAD, HHAR
B2 EABYORFERETH, akBLoKEORE G RRBRL T2 HEELD DT, 58
DEBPETREFBII,

4.2 ARV HNLEER, P/B HRUZ 2 ALF-GRYF

7ﬂA/:zuwu¢1ﬁﬁfba7ﬁA/1RUﬁ®%ﬁﬁ%$@¢ﬁ@Puﬂmiww 1983
FEEFEHLT, 3.1 TH-1(FED, Tty »FER 2-3 R T 50 AR
0.33—0.5FTHbH, £HD P/B KL 1977—1983 F%EHL T, 5.9 Thot, Lich-Tit
YD P/BRRAT A A2 A YD TI L 44220 HT2.0-3.0TH-1, Waters(1969)
RRKETHBOHRY v 0 P/B Rixh Rl 3.5 L LT 255 00/MOEYLLI Y
L, ¥z Parsons ef ol (1977) (350 EORAED BERY & 9 EREBES 1ETHEREL P/
BHI3STHEZLwRLE, Brifo=2) 0L D P/B Xz A b0HEDOMH
ERESERE TR TR,

1977— 1983 FEDBr i = A ¥ # O VHELFERIZ15.3gC m*TH -1 (FS5, 6, DX
ERY, ThiTteBE3IhHoEESmotERLLKTLE, RESCEAREYHET
A4 (Kajak & Rybak, 1966 ; Lindegaard & Jénasson, 1979) X hiEv & Do, i, FIE
WOEEROLRL D &S -7 (Morgan, 1980 ; Frank, 1982), ¥t REEcho 44 =
AVHOEERCHESYLTH, BEIRTWAEACOMBOERHES3.4gC m ¥ THD
(Borutsky ef al, 1971 ; Potter & Learner, 1974 ;: Mason, 1977 ; Frank, 1982 ; v 2310.3—10.3
gCm HEREI VAR, Hr#HOEFHMHE6.5gC mAULEVL£ T 2 5,

1982—1983 %D St.2 K H—RBEERIZ627gC m2ThH - (BHDL, 1984), Z DA
Mooz p0E{EET31.6gCm2T(ESR), — &bk ~AD=FAF — DEATET H.0%
Lot TRETOBRETE, —RBEEN»L2A) IDOE{LE~DOEEYHET4.1% (Char
B, Welch, 1976) » 5 21% (Esrom ¥, Jénassen, 1872) Li@sdH D, HEOT-DHCIlORE
HHeEH T s v OEERYERTALENDA S BrEOSt2 TR TIEMT TV
2 b OSEERE, 1981, 1982FE0FH T 11gCm i fTIh Tk o FER-KE, 1984 | ¥
BEMEPS0.52F 0 THRE), —REEEHOLIL ) OGBS v 7 b v OgE LRI
BALTCWBEEZLRD, LY - THEHA BT, BYOFATRELH,-L-OGO= AL ¥~
ZHETELILEVLDOLHEEIND,

XD, Brf#oaA) o8V CREELSGSVRERL, YT 7 v rvoRVC—RE
EXRELTVABEE 2 L9,

FEFTANESL =2V HROEEOESFL EREH0 1-3 AT 2Av220H 2L 0T
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Fh Tt WH 2 ETHA(ED, 7H4v2A Y 2 PHHIIERCHEL Tkh, A4=2R
D o ehel kBT, (ERECOBMERRESHECE (D6, ©8), »roMEERE (=
&gEWMEQﬁ*ﬁ:%ﬂﬁ@ﬂ%KﬁL%TﬂAvanﬁfﬁ%%k%((ﬁ@,%m
CEGCEEYRT O LNTEREELBRE,

4.3 22 Y HOHRMERRCE D 2 RE

ThHaAv2AY AAEyHORPEERCKEGTRLIL TV IFE LY, SHc2ECER
LECH Y ERPCHRTEL, SKOPBHcRROBRZCHED LS IETo L L, L
CrAHRoERYORETHEL IR FTCIEBEL T2 Iwakuma & Yasuno, 1984),
COACOVTRBTIEMICERLLTAHL S,

TBr#EQT km)OBER L, 17 R E, 1980 R U 1981 T2 8000t TH - (B
ﬁ%&%ﬁﬁﬁﬁ%ﬁ%ﬁﬁ,w%%:hm:4@&%&%%%04%@&%%&%%&%%%
BEL, 1961) ¥ELAL56gCmiEd, =AY 7OBEERET7.6gCm™ (F8) 18y HoO
BEEY FE-TBD, oo aBsEy (6.7gCm™3, B Z&mnb, AEOBELEE
BOBEEGHEI - TV EELZLRD, DI L ERT A= EGOELARBEC I SHAS
B 20% T, B EKEOCEBIIC L AHA Tt D LR I i (Iwakuma & Yasuno, 1983),
BB, BrifioELERE, P HORLTREROE-FF 7 Tridentiger obscurus
mﬁmagumwrnxuw%%<ﬁﬁt,mmﬁmnogmbizﬁmmﬁiuﬁm%mﬁmm
EHULEAEY S22 YR (BT HAVAAY B THEALH) THELLEBLU V5, ¥
1981 4E 4—6 Hizm i3 Th, 3 7 OEILTEHNBTHOMN 0K E=2A YA THY MRS, 1984),
A=A Y » LPCHRIR TV I ENTREIA TN D,

Tt ELOEABYEHEYETAEGHTIELIAX,L 11 AdR ¥ ToORER 2.7 2C
mE(EEINOSHBELTRE) o7 2422 ) dAEEC L VBRI TV 5 (FHhEF,
1983), P « fE (1982) o X TS - ORI Y b F  Hypomesus  transpacificus  {.
nipponensis DYFBOFRENEL B X - T EHEGKEEL | »H i 2B L@l T
Do ¥ 10 O 7 A F AT ROBLENEYEED 0% Eika 2§ 2 TH o (P 1hE,
1982), By BT H 4 FORBEITHHES < 2oy, B s FH THHH L kRO
HEMNRZ » T LRSS,

220 0P L 2 ERBOBREEYER LIRS E 0 H v, ABOBREDOL-B
{E# T 0.4-1.7gC m? (Kimerle & Anderson, 1971 ; Kcal ¥ 0.095 # U T RERICHRE)
LS ELEAD B, REOFEC S D BETETTS (Hall ef al, 1970), 87 W TLR
HOBARELBCICL b b, BT 1IHEE 5.2 T3.6gCm ™2 BEBELITEELTH 1.5
gC MO HBMIBEIND Z LHSh ot B4 L D HHLGOBRERYHETLL, 72
AvaAYhEtFtany) pOSHOBERLAT, 11.8/15.2x1.5=1.2gCm & 51,
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IhRERIDEYRCTY vEIEFRCHBETL L, HeT46t 0V VEU A6t DRFER
BrEL T o bimit i,

4.4 22 HORBEFH~DES .

AA =AY A DOFEFEC L BIERDHORFEO LR, 19811983 FOFRAIL>VT, PO-P
TH0.1mgP m2d!, NH-N T#55mgN m2d'&#rEahi (N2, Srifc@ima
RA5ERIHD PO,-P BV NH,-N OBHEE L, Fhith 1—10 mgP m~2 d-' B U 69-134 mgN
m?d'THL MR - FlE 1980, ThOoOREMEDRAMELETZ L, A4 220 2D%
FHB BT 5 R0 75 PO-P T 1%, NH-N T 4% &7 0, 19811083 E 0 HH
BhHexT 2344220 20F51E, By vyonEdvtkEqLbRS, 2L, 19811983
FORHOA A 22 ) pBERIT, 19771983 Frngifld B RBEEARE, #85gCm (D
D 20%FKBTH -7 (H18) 7od, FHIAEABHERII AL VECAEELS 5, BE (198D
AFBHWERYHCTA 4 =2 U 7ROFEC L S NH-N OBEHEE%* 20-23°C THZEL,
34—50mgN m72dtvs, Br#fil i IS CEEYR TGS, UV OBHCBIL T, +
2 AV AEAGEBECEY) v T0.4258.9mgP m?d! (Trummen ¥ 272 Vombsjon
¥, Granéli, 1979, Chironomus tentans % R\ 7285 PO-P T 7.5 mgP m~? d-*{Mendota
¥, Gallepp, 1979, HL#D =2 ) 25HE (BEAHE) 2EANE 2 7T 53-68 mgP m™? d7'd
PO,-P ©#H (Mendota #, Holdren & Armstrong, 19800 SngEEIhCL 50, ENKE
TELOTHETEL, ’

Satomi & Pomeroy (1965) WE# 75 v 7 b v h £t Y ORBEE & PO, P o8¢0
BB B = LR B, O P kT2 @HF v b ) B 265 (hF) OO
flite b B2 &R LE, Gardner ef al. (1981) i3, F & Chironomus anthracinus X DS = A
Vo RERHACHYEER 1.2 mg) DREE ) v ok SEEXAEL, 20°C T 0.51-0.60 mgP
gt A w872, C anthracinus @ 20°C W5 FREKE I 80mg0, g ' d'ThH L (Berg of
al., 1962 ; Jénasson, 1972 ; BEBE Smg 1L XFE /% %51, EER 1.2mg tHEELID ©
T, OO O: P i 260—300 ThD, EriliTil, FHFRERMRETOA A2 Y 2k
HOFEREEL, 19.1°CHLET0.057gCegCd'=0.152g0, gC 1 d'TH » 7= (K22, O:
P K4 C anthracinus ST < 260—300 2L, 1982 8 Hod 422 0 2 OBFR 0.5gCm™?
iz %k, PO-P OBRSEE(0.5—0.6mgP m2d'&%ch, 20 WC%L‘f: 19824 8 A
OEYEE). ImgP m*d ' OP5S—6fE LTt ate, Thedada2A) AORAHEFE5gC m?D
LED PO-P OB OEER6mgP m2d ' REL NI, A4 2 A BRRROFT Vv +
AELTiE5—6mgP m?d'® PO,-P HEDEEY L - TV 50, RRABHEESV o1z
b o Xht ) YHAEEBCBRESRCV Tl Y, BER»LORBERIL A LD
DEEZLRD

— 136 —




BrHC B LESRMOTH L REE

HELHIRA L BETTHAE, =22 ) 2 EHEO Y vER-OEE R, MILEASHOEECITE
HahhwEoBESL H 5D (Gardner of al, 1981), $EOEHERECIL, 1 HEO/M, +4=
A Y AT B L Tk ote, EREMAED oA TRGRORBERCHEY
EELTGLAESERS D, SEBOBRNERTHS, i, BEOPOHREMIEL D EHAD
HEL, FEEENEESTI L LV OBELH L0 TERE, 1981, SHIEROEX
LEFEL L TRBRATOSLE D LEZLNRE,

5. xrw

Br#OEESHOBREFROK BRI LED=2 A ) A, THAY2AY LA+ 2R Y AL
ThBbhT i, BEAKKTL2A) b WEABERCE, B, Tihbbiigyo
BELHEE, ThOLDEROKERE~OPEAOZTELVEECH 1, EE1LD Y I
KRTH22Y HOFSINEhotc,

19823 RoBr Hediis o EAEBMOTEHEFRETHAYva2 2 A, 44220 A,
Tanypodinae B4 F 3 f ZimoWwTEREFRIY, 1.9, 0,01 K 1.5gCm 2 Cho7z, 74
AvazA Y nEHEECANL, FORFRIEROARYER LEVCBESES T, A2 R
VO FAEKE LS b, EROEEHEE L QMBS A LRI 5, EBATIIA A
22V HEA L P XOBER I o1,

19771983 SEDF|AC KT AT H &2 A Y A DELHEHRB), F4ERPIRV P,/
B, HitxhFhn5.7gCm™ 8§8gCmi2RU 16 TCHot, AA=A Y B2V TiRERLH
1.2gCm365gCm2RU 59 Thot 28D =20 2O EROMIIHE AL bR,
tre 4-10C DT A av2 A AOBEEREE A A=AV HDLTRIVABKEL, £20F
WAER L LTV,

1981 10 A5 1983 9 B & CORPBATD 2 A Y hOFEFHIUBRUBARERI SR
V7.6gCm?Thots, TDH L7 ALV AY) ARKICHEIRDIEI6.6gCm 2 Th o1,

2 A Y AOFREIFEE, BEBRERRUCKROBFETERRATENR, 1981 F 10 A4 5 1983 4
9AFTORILBIT ALY =22Y 2HET19.3gCm™%, F4 =22 ) #HPET12.53gCm > TH -
Foo TH &Y ) aDMAERDE (58%) 2422V 20%h 41%) I WBrok,

A A Y A& B EESHORBER KR O R cEE I, 1981 F 10 A2 1983
E£9HFTORRATOFF 22 ) A LOBHBYHELALDA, U VBEBY v TRA 0.1 mgP
m?2dl, 7Y E=7HEERTRLASSmgN m 2 dTh -,

B
AR D bt =AU hic L BERY bOXFES NERGENAERRIKE LERET
MEATHERA & OXANED—~FTH D5, BARECHSERE s v~ 7ORERERBE KT
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Phosphorus Release by Stirring up Sediments and
Mysids Feeding Activities

OBk R

Seiichi KASUGA® and Akira OTSUKI?

Abstract

The mechanism of phosphorus release from lake sediment through the action of
opossum shrimps (Neomysis intermedia) was studied by laboratory experiments in
which the animals were reared in 4 1 of lake water with dark and at water temperature
(5°C). Five aquaria were prepared for this experiment. In the first aquarium were
placed sediment from Lake Kasumigaura and opossum shrimps and stirred ence a day.
The second contained only sediment and was stirred once daily. The third was
sediments, opossumn shrimps and not stirred. The forth contained only sediment and
was not stirred. Only opossum shrimps were placed in the fifth. The opossum
shrimps fed on suspended matter in the water and deposited matter on the surface of
the sediment. In so doing, they lifted up small particles of mud from the sediment.
The shrimps excreted dissolved phosphorus into the water. The increasing rates of
dissolved phosphorus of the first and the third aquaria were 134 and 99 ug-P/dg-mysid
dry weight, respectively. The opossum shrimps of the fifth aquarium excreted 80 ,.g-
P/d«g-misid dry weight of dissolved phosphorus. Stirring sediment of the first aqua-
rium provided additional food for the shrimps, though those of the third could feed only
on matter on the surface on the sediment. The fifth contained no food. Phosphorus
loading from the sediment into the water was accelerated by excretion of the animals
feeding on resuspended and deposited matter made available from stirreng the sedi-
ment. The amount of dissolved phosphorus did not increased in the aguarium contain-
ing no shrimp.
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1. Lo

BECHBOERBLIHE»HONEE, S v o EELBEYA - TV 52 LAE
BEh, ToORECEMOERRSS 2 &2 52T - 7 (Otsuki ef al., 1981), LHLIENR
2H0 U vOBHEBRBIC OV TR RERSE LR Ty, BB~ O ST A B oD W
BBE, BROKERZSCERBEORRBEORBUIEELER Mo, T THEyrBTX
M KB L T %1 97§ (Neomysts intermedia) % VTR L D ERS LDV YO
BB LI-OTHETS,

2. M B

19814 2 A 5 BBy MERAMRE (EVAERANAERSE St-D0RELY =7 v~ —
CVHERESTEELWRE~HFLIEY SCABFLUEBOERIC A 1o, ¥ A ER K LIS o
KLEMAYBELROFS A7 2437 4 A2 ~Whatman GF/C i L 0 A8, BB EYE
FLHbOFHACI A4 F7 B rfiTHEEL L D% 100C 0 BERETHEREL AL,
FRIZETHA Y7 I OFRIRAYF7 { ZRE TG CLEY, EokGEHSICERD
EoTH W DERBERZ13.7% Lis -l BRITNTHC oERERE TV 1 H 1 BIOERK
LERS AR GRMEAN IR Tiefod o o, A 30X I6X23cm © 7 7 A KA A
VIR 300 Wik 600 ml B E 41 DKEME L TOERY T -1, 813 80°C T 72 ByMIERH 550°
CTIRMMBALLL « CABEIL208%TH -7,

2.1 BRI L akPr o) ol NAHK

HARECHEEL - FTORYHIScmOEICHER4I Y NZ, BYXEEZ LD
<HBF Ly b5 AMBEBELC BECAE S LoB ik e bhkdons ) v BETP),
BfEe) vREDTP), frho=A ) 2 HEBETA i XOPEYH~U:,

2.2 Bkt ( RAZOKRDY »BEOEL

Kep ) vBEGRRO = A ) AR KERBEYZTH I LB LA LD DR KR
Ao vatA A0 5mmOEFEHhT=A) AHRBOA I i AXEVBETo1
EfRo&Ex X 5K YOEEEHOCT B AHETE 300 ml i ZaE#k 41 2z
A LLEEVCER YT 1045, 304, 18R, 3EM, 98-, 24 BRI%CL £ h 100 ml
PERALYMELTOIE, FTLERYOM XGF/C 7 442 —TAHRLAGFDL Y vBE(TP)
RUBETSY YEBEOTP)RRAZE L, ¥V vEBEREE Otsuki b (1981 -7, ¥ TP
HDTP #BcBo »BEEY vBREMPP) & L,
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2.3 BRODCRARUVAY Y7 I0BERITEIC L 5 ] OBHRR
EROMITARDT ¥ 7 { ORI LAER»LDY vOBEHYBE AT A1-nE
1R LR SO LA RBEY T ot 2 AU AMEREA b 1 § KEEOVBRVIBPBE,
AHEBA A FMAHFCER YTV HEEE L, ERMBHRORAZE R LB ¥ 7 S m
Zize B A, BEAMCEIALAI00m], 1 C DAL 600 ml ik, BRI
AT, A BEABZIB IBEREHIZA LA, A ¥7 S A, C ERErhs
NBEZ2g &M t, ThRERER T 27g ML, BEI5.63g/mEHERICY -5,

BAREL 2, 3 5 WABKTWAFO TP RUDTP ¥/, TRBERERCES -0
Bz ey b T05m BORD ToOERYBEEEREZ L, O WA mREH Lzl o 3x
3X0.1mm ARALI LB (v ER2SL) ¥ IR & 2EEHR L, ERO? LA
oK, BREEDICT- 2,

# 1 BXEOERENF

Table” 1  Experimental conditions of each aquarium

Aquaria Water( lV)olume Muc} x?l)ume Stirring NeomYSiS{(g;Y Weight) Air
A 4 300 Once a Day 0.270  0.235 Present
B 4 300 Once a Day Absent — Present
C 4 600 no 0.270  0.252 Present
D 4 600 nao Absent ——— Present
E 4 0 — 0.270  0.225 Present
38 R

3.1 azyHHBI L BKkhY L HkK

2 AU AHERTA L 1 AFRFOBRILVGEEBVGCERNCRAKRSBEEDOKF TP R
DTP L{EFo =AY AHRREA 3 AOEELOBEYR L ICR L ERGTD= A0 0%
HrEBEEORBDORERThIr - 1ciiZ s A DL DM T H 4 v 22 Y 3 (Tokunagayusurika
akamusi) THole FhoA b i i LOFOREFBRIT» Tilolyy,

KD TPx=2 ) 2GROFE L& VEBYFRL (P <0.01), DTP L MR E L (P <
0.05), L2L TP, DTP iz 1 + ¢ 1 XOBE LOHERED LR w1, =AY 2 EHROR
Hlg 1 HY7hKdwhso TP LU DTP O HEL TP 450,141 mg/g+d, DTP %20.046 mg/
g d &7t TP & DTP OETHL PPi20.095mg/g+d L HEEIND,
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A B
Chironomid Larvae Oligochaeta
=
= oDTP
2 1504 150 . TP
4 3
[
]
-
]
= 1004 1004
[ [ 3
[
o
e
- [ ]
@ L]
50 1
o P v-308-275% 501 .
¥=-0.854
o o]
o © o o
4] v T r T r [} u v T
0O 2 4 6 8 10 4] 5 10 15

Animal Density (Qm‘z)

B 1 ER»CiIABSOHEO=RA ) APREVA L i ROFTEOE L, K

Fig. 1

4y v (TP) RUBHEY vBE (DTP) <Rk

Relationship between concentration of phosphorus (total phosphorus-TP and
dissolved total phosphorus-DTP) in water and density of macrobenthos
(chironomid larva-A and oligocaeta-B) at five days after stirring sediments
TP and chirenomid larval density have high correlationship.

3.2 BN B ABROKSY > OEY
2A ) ABRETA b AFBVERYAV, KRA AR T - kdo TP B DTP
OWAEERRHLHREYR2CF L, TPSBEEACEE KT LA L, IRpEME

P Concentration (ug/h

A B
10004 Ln¥=-582-0.39Ln X (¢ TP)
6004 » TP
oDTP 5001
4001 200
100 (o TP-DTP)
{iny=5.67-0.46LnX
200 r=-0.987
e
. B N
o 2 9 24 051 3 9 24

Time In Hours

M 2 ER»AROKEEY Y (TP, B4y v (DTP) RUEEEY ~

Fig. 2

(TP-DTP) BRIk ‘

Time course of phesphorus concentration (total phosphorus, dissolved total
phosphorus and particulated total phosphorus (TP-DTP) in water after
stirring sediments
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BEROEE L& M +F7 I 0RATHICLS Y v OBH

A TETHED, TPOFEPRTATREZZIR TP BE (TPrg/1) LB, h)oHE
HEHTEV-r=-0.995),

In (TP} =5.82—0.39Int n

—7 DTP (2 3 B ¥ THAT A0 0®EA L F 0 3 RERRCRIEE 21.5 4g/l 27RL 9 B
fIe 40.5 pg/l LEINL TV 5, $BREBREY vEBE (PP) 0B ¥ 2BItR L1, PP O
PHMBRETRTRELFESZND (r=—0.987),

In (PP) =5.67—0.46In¢ (23

3.3 ROV GARUVIHY? i0BETHICLS ) »0BH

3.3.1 kepgy vBE (TP) RUBHEL2 ) v BE (DTP) oF (L

B 3B RINAT AT i AR ANIE Kio TP RU'DTP oF{kxxm 1,2 BHEDTP
TP LB & TR R LCERIEEH: AL D LD THD, TP R DTP
ST ESM T EINOEE A RL T8, TP & DTP OfEIL 5 HA ¥ TARERE R AL Ky
VMR EAESRDTP THBH LR TS, LA L 10 A B TP #3125 pg/l, DTP £463 pg/l &
TP &V Kt BEETRAYY 7 1 0ROMA X 3hi v Eohihr-72 1080
S VOB AR LR, DL T L SR, BEOBRB ML T A58 S
LEGTEMYHAETS L L LEHSRETH 1o, EFRR T RO A7 { OERERT0.225
g CEREBROD 83.3%CHA LTI EEBELLR I VLD EHEShAZNREIA LA
shroto, AYYF7 DY) YERY 14T% (RER) ET5L1497 ORI KB
OBHEI1660pg LB Eh D, —HRKFBOTPHEME» bKD& ) Y IEMBEREFET S £ 460

<

> * TP
2 50 o DTP
c

Q

= 100

a

-

-

c

® 50

o

e

o

Q

a o 2 5 19

Time Iin Days

B 3 A4+7 IE8H0.27gx 4okt LEdokpae) v (TP RUE
Bev v (DTP) o0&k

Fig. 3 Changes of TP and DTP in water in which opossum shrimps were reared
Water volume was 4] and water temperature was 5°C.
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BAT A R

ug D AFFT OBV BHOREAI R KSTADY) VHEEL YRR i lE T D
B, KO BEY IS HBL T iema el L5 6D E Bt &7 DTP O8I 10
HEIT216 ug E72h CH HOMIMEE L+ 7 I 0WHIERERE C BEREE YD £V 4 170
ug/g+d, DTP 7 80 pyg/ged & 753,

ERTMAAHF7 i AhfcbDEAhvb 0, BUERLZAALLLDELEVE
DOOPLZEHYCLAKEA B, C, Do TPRUDTP 0Bt R 4wmmLic, Mookl
TP RU DTP DYNRELKE A TOPPECERYRLCALEZDBED 7 v+ 3 rh@ K&t
<, TP, DTP &Py & ERERERTH AR 138.9+13.6 pg/t, 48.5+10.9 ug/l TH otc, 4+
Y7 kM2 1A 1REEY ALK ARUP QAR LAV A CIHc TP 1 8
Bz % rL, To®R A CETLAA W AR, @&F5HBSEWEYTR LY, =
DKEARCCO TPER - % — Vi B LTV B8, 2 A RT - 1ok A o TP Dffizik
BCoLTI D@ VEYTRLA KB ARV CODTP A Y7  pihld il h bbb 5T
1HBAEA, CHicEAL, 2EECIRGELAYEETIRRA L v Emsiths OAAE

300
o8
L ]
A

= aD

~

-

2

°

= 200

s

.

L ]

[*}

=

G oa
.

; o

° 100/ *D

o

€&

[- 3

]

-]

2

-8

Q T T v
o 2 5 10

Time in Days

R 4 A7 (0.27g)-FE - 8K UD &z 18186 <A LioKE
(A), SR K Eim XA LK (B), 147 & « iR $lk%
Az <A Uiyl (O, EE - BRemas QLA LK (D)
R KpE ) v (TP) LEFL2Y v (DTP) oL

Fig. 4 Changes of TP and DTP in water under next conditions
A ; Opossum shrimps (0.27 g-DW), lake sediments, lake water {4 1} and stirred

sediments once a day. )
B ; Lake sediments, lake water and stirred sediments. -
C ; Opossum shrimps, lake sediments, lake water and not stirred.
D ; Lake sediments, lake water and not stirred.
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ERO&EE B4y 7 i DEAFEC LS 0 Y OBE

TS, TOEMB A AN TR A SRKECE L@ 1,

—HAHFT I HMLFEEL S FALLDOELIRA L7 KIE B RO D Tit TP,
DTP el B BB SR LS, TP TRAED CAZ LWET T 520K LA BIZ1IHE
wRERETLAPFOBSHEETHE 0 FE T, 10 BECEPAEF LA, DTP itA D 2
HEECEYTRLEAB S0P, ThIhoKBE T, BT0 B 40 pg/1,10 HE 26 ug/
, $2-DTOHHB45ug/l, 10 BB 30 pg/l TELRAD ot COMIZ32HERLIE
Jens <ATAHE 0 FLEDACEDS RV, o o TARBARTCCOA Y7 : OfFFHER L 5 DTP
DEHEEXHET S5 4 KO DTP 3 —H L2 AEXEEEL LT 10 BAOKIE A
BUBZLAECRUDOBREZ 290 g/l & 214 ug/1 % 2 AEHS 0 HB ETITAYFT 34z
LD AFEHENENADIP R E TS LKA RUKEC o DTP OWMEE X/ v+ 7 {EE
1g U h ThEh 134 pg/ed, 99 pg/gd E VKB E CH LRI 80 yg/gd I @EVEE -
o

3.3.2 BEREY v Oo&k

TP L DTP mETHL PP OKE A~D TOE{ER SR LI, 2OEL- s —vid TP D
FlEUTw2, KEARFCOPP 1 RBERWERRL, Thth 256 ug/l, 203 ug/1 T
FECTIR2ZEELD, $AKEA TRIEENLRERED VARSI ANEL - FEEH—
EOECTSV T B, ZORELLMRI0~110pg/ 1 - HFEND, —HA+¥7 : Wi

TP-DTP

200

100+

Phosphorous Concentration {pg/l)

Time In Doys

M 5 BE&EREY - (PP) oF1L
Fig. 5 Changes of particulated total phosphorus concentration (PP)
Conditions of aquaria are showed in Fig. 4.
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FEHR— X R

VKK B BOD o PP U BB AT LTV 505K B T2 5 H 2 TAERES A LT 10 A
A2l TFLTV5, A#EDHE I @MU T 5,

3.3.3 EfiRB o901k -

KB A~D OB LROERB Y B E 2y P TRV D RBRDC ST R D S IR
SHERETHELESR, 7oy, REHRE ~vERHECSITEREYR6ITRLI, RELE
BITHBRBEEE DA 4T kM BHOKEA, B, Dz, 73 RHEOAEA, D, 5
BEOAME Bist 6 BN L LM, Jhilf+¥7  OFETAHKEC 1 {8, Bo 5EE
AHF7 IDOWRGKECALREZ S 5 BE IR AYDKE DE R 200—400 Lm,
T AR UHERD 20—300 pm, <~V EFIL 320 m OMIEET R T\, FOKECHEIC
Chiamydomonas &L Ui~ TREXSHBRI N, (457 $ ¥ M KETIEORN
BT AEEED D, HFCCABTII BECBD THE L bR, — 57 A~ PHERIIA ¥
Y7 AN bhickil A ROC TIED T, Bie C AT 3 AL ALIRDL
Mot AT ALV B RUED Ty 4 o2 ERRE{BEIR, BT K#ED
T OEES S h LD,

m O
&

+« Clllata

Flageliata

Rotifera

Time in Days

H 6 ERFEFE#E#EGPCA LR EERROEL
Fig. 6 Changes of animals appeared in 1.84] of deposited matters on sediments
Conditions of the aquaria are showed in Fig. 4
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EROEE LITEAYYF7 : OBAFEICL LY vOBH

EBROBREAFF7 IMAbhiobo bz bhinv- O THD & 5 mVRRL, 1
HHFETINMLONALO TR BE LD 50 gm UTF oMM FIIRS AR, #HO A+
7 iDHAPEDORE(ETA, —FA Y F7 :0mM: 6hivoki#E B RO D oEBIRLEMA
ARTFLIhE D, Tz (Microowsts) OGSy 18, TERLTHERDLSHEE L (X
7B-C), '

AHF7 BRI AR A RBREYREC L VR AUERCEATHIEEI R, K
FUTLEEYHEY SBLERL TV,

4. % =

QECD (1982) 11 1960 £ b Thn :BABOBERBILOAE» HDEXBLOH LI IIHA
THFRBEOHHARLEECHH - L ERHL, b LEOBIEARELHGC&ELE T
Vi FREC IR bI D e FRL T 5, Byt 190 ERICBRIEBRES 1.5
miEicich, HEhBEANERBELREBCSY, B oK@ A LEEBAR L,
EREHA BB gD TIRE e SR LTV 5, £ 0 TERBB b, TOREETHS
REEOHEBBBORVIFFRLIAD, By HOBRBLRBIERHCEL L, “oERHkl
REXERT) VORBErER A LEEIN A LARLMCZh, WHATE LT vE
B A B BT 5 5THE U1z (Otsuki ef al., 198]), —HBELEOTEA & 1973 Fw@H
RECIBMETTER A OKBE~CFHC L D EFEBRASER I U, RE-EE (1976)
AR HOFRN LRI L, BADREOEA/ BN YE 2, WK, HOEERENR % Hin
IRz AR LA, E0FR (198D AEEROT LY EEROBMI LS4 +¥7 ¢
BAY  cCEOREERES I E L, ThC I Y EHRIENLEBREORTAT Y IEmME 2
TWB T ERFRL, SBRAETEC L AERBLFLEOREY T

B L AEE,SOFRBERBIAPCERETHENEERPCEET 2540, LIHER
EAEEAELKP~SACRE L TE 2T 2 2 L TRl X7y % (Lamarra, 1975 ; Andersson
ef af., 1978 ; Henrikson et @l 1980), LA L@ r B THFROSE Y, =€, 1 H¥7 i1
B s v b o RtEsi oo (B2, 1978 &7k, 1980 . A, 1982/ E D, 1984), K
RrLEREYHL LI RE 2 KFrLHYR2 I oBHoOBRRERIC I W EHBETHZ L
SEMD D, £ TA 97 IR ERACTEC L 2 KR 5 OREEBIFEMB TR L 1,

4.1 2R hpRz kKR, LD BEE

2AYARA b RERY D OREEMHEE & L THE»RA R TE N (Holdren &
Armstrong, 1980 ; Gardner ¢f al., 1981 ; {8, 1981 . {1 E - 2%, 1984), L2 L ZOERCL
bhAB LS Hitkdho TP BE, BoBEEY v 2 ofclb 2 TEC ), Erbo
ok, KenbBEHEL LT YEEBRABETAREAEDTRE I 58
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M 7 EEEEOHEDOBEMBITH
Fig. 7 Photomicrographs showing deposited matters on sediments
(A) ; Deposited matters of aquarium A on 2 days. Fecal pellets (F) of opossum
shrimp and no smaller particles are observed. X 40.

(B) ; Deposited matter in the aquarium D in which opossum shrimp was absent. X
40.

(C) ; High magnified figure of same sample showing in B. Colonies of Microcystis sp.
{(M}and diatoms are observed. X 100.
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EROEE EFLAHYT7 I OBRATHCID ) Y OBH

Bk Teots, B (1981) Hidd = A ) A THRRT 5 LERRIC 2 2 ) Al ky A8BL,
KPR BEHELPBEAELRTO) 2B IR0 EELLRD, TV vOEIBII=A )R
HRBE g% TP 0.4l mg/d, ¥ PP T 0.095mg/d LHEIRE, CoEBROTHR
722 AEOBr ik 3522 ) h OB B E 60 g/m*AA T, TLLOAERIZEET0.28
g/mied L 2R, THY VBT DE 1.96 ug-P/mied YT 5 (AEE-KEF, 1981 L h A
L) ChiEan ) 2R ATOEEOKEY 12~2 HIZ£ Y v T 8.4 mg/m?-d, BE®Y » T
5.7ml/mid ZIBPICI DAL, OB =2A) 2 OEEC IV LK E L SRV vBDS
YTt 4.3 1%, ¥ BB TR 29SO HMTE I LERLTVS, 2 A Y #ROE
BECHHERY v AHBEAYRL =2 ) 205K DTP 284 3R T 5 2 ERE I AN OB
BrowTRAETHL, =2 2R AKIALESEEYBTRERRCSAELTHERSs A%
BT o EERTE ALk ot, LaLA P X3k vBECTAEBEY S L
Twisbb ok Bhnb,

4.2 ERON{ tAEOKG) »DiED

BEAED D < i3 A I T B TR L D e D ERICE L TRD, BrEThke
CREREEHES RO TE G LWL EREGESED, 1984), L LIFRBEHTOE
b0 vOBREES ThnZ ERabhTu5 (HE, 1984),
R2eibhbdliwkde) "EECBRPHEHOUMC X » BFCEI L Tw5, —HEBF
Y v idh R AEE (058 2 REVEY T T 30 2 EBCIMEE L b BEHEOIRREE
R AHRD 1~3 M B DTP BREERRL, ToEFBUPRPEVHEL R, Zh
BEREDE KPORERY vARELABRLCDDOLEZOND, TLRACIADRL L
T IO GEROB AR ZF A B L KE D THEFER Y Vi B QRAN
Tt ko F P PECEY TR LEROEX LAY A DTP 2 ETI2RL 2 LERLTG5,
ERPCRABROLY YRURERE) Y oREFLIR(DEF(2)LbE2bh, EHE
757 ECEHELED, TAIBEYAORRRELS—ETK{, FRLELKE LT3
TERFEL, MR ARBRC L A KFRECEAEER(DRUF(2AOMGOTATY
2bhd,

d(TP)_ _ 1P ,
5 =—0.39 (17
aPP) _ 4 EP ,
=046 (27

IITRY vIBREEY ORI EERGEBREEI TR SOKPRECLOREELDL LD
EGEL, B TP Xt PP AR 2 Shaiud (1) 2D L h B £ ZRDUM L 5 TP B U
PP oI EERRD AL ENTE, hESETE,
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FHE--AH R

43 AHY7 I L 2 BMEMENKB~DFIFH LY

KEARFECODAHHT 11D PP OMINLA 447 { OER:LSOBEBRGE O L
KIZHDTHDr0L, TOPPORDL EFEEY L(ug/l-h) & L, #ificRL i PP OFAE
BS (ug/lsh) LAY¥7 { ODFRET RO PP OKpBE C & olfRil

=dC
L= T +S

TRER, A7 D5 LEEx0 CORLEE AL RIS+ 7 1wl % PP oK
b EFEESH LA EN S,

KA TRBEELSRART, BAEOBREREEEIBE O TRV DA+FT7 1l 5
PPRIEHT A ENTE L, LA LARE C CilEiiy mBD b £BEicisiT s 1 47
I I AHEBRY) v ORLEIEEYRETL LN TE S, K CitisiT 2 PP OB{LEE L
1 HE % CPP PEBCHEMLALDETEE4.92ug/h &7, THRCIZ0 ELE, &
DEB LD, FOEO PP oF{it

RP=H4ﬂ+2m2%{n:& r=0.983)

TEIR, COROWSY PP OBEE S L, ERMICKT 51 4¥ 7  OBERE) vOoRbLE
FEYEHLAERYHSTRT, XL 12RMEO PP IERHATIRES 1 BB OFREL
BAvie, A7 I H2BEE voRLETEEGIAECAY Y7 igElg 1 AYNCD
15.29mg/g-d 70, TOEBRMETL 10 HHL2.79 mg/gd L ic b3 RET L, 2D
LEHEERA YT i0E) YEHN 4.2 mg/g THIMDL, b2l HY VBRI EE
nH ) VvEERERED, AV LETHHEASEON 20%OBERE) v Y EE-LFL L
FTvwd, XAV sEoRBRS ) v aEll % EMEIN TR GHEES, 1584),

154

PP Supply (mg/g-dj

0 2 5 10
Time In Days

X 8 KRCTOA¥F7 Lk 2BEHY v OKP~OHEMBROEL
Fig. 8 Changes of estimated value of paticulated phosphorus supplied from
sediments to overing water by opossum shrimps in aquarium C
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EROEE ETLA4+F7 i OBRETHICLIDY v ORH

A4¥7 IOV VEE (1.42%) rXRELERLVEEL, AFFTINERLRELEFLE
BBl HYh o FED 1/50bEEHYSECLS, K CoEBRRI+F7 10\
W44 AORRL OB, MM TRLAD Vo b e ESEE I R {ks
EXRTFREER, AW ¥ 7L ARBYEOR L BRI I CHEINBEI YA LREV-
D& Bbhb,

4.4 AYYF2IZL5BEY -otdhn

KepBEF2Y v (DTP) QA4 +7 { OFETHTATOKETHELL Tk H, TOKPTO
HEIE R L EE O R\ A E T 80 ug/ged, EIRISH D HEX EF OV K C T 99 ug/ged,
FREREOES LB EREX IR A T 134 ug/gd EETRE IR, OB SHNTA 4
T IOBRENHORCIDZIOTHS, KEE TIASEERLLTERES DA, ToRE
FRETHRO My 7 i 0B BN ITRBETHELLE LV, TLER V2 EhL Y
VORANDRFILSGEL, AT I ORBCIAE RS LIRS,

KECTIRA4 Y7 $ #ANTHG 1| ARICIEREZR O S48l 74 e eV B L
WAFHFT i A0SV PHEHEBH, 19 F 7 AEREEBEAEHYT-TV 5, BHM
AL 283 KP0BRRYED, ERRBOERYOLTHLI, L, BEIALER»2HIH
FRARST AR, TOREABEAECEATER -, LOLAKEA T RAK L h g
HFLVCBEYECHERYS RN, RIERELEABEH I THIIKEA TR EV-BE)Y
VAR DI ADLELRS A A RVC CHERYEH~0) vOBRFLEEIREE T
B EATFHEAASDD DTPBEC L >TAYF7 100 YR ORBMD - EMNTERLN,
U v OEEI DI EE Y h A58\ ThA H,

ERNOOKD~DY vH#BZ 0RO A LNL LS CERYEYBNFEERAT L 1E
ph T, BETRTHRPCERDEIEE ETFbh, ChxBprBRaTs il
ThAFC ) vHABRMERDB I EFRL TS, DX 57 YOERLOEREEL, A
KERHEDEYERT M EETAZ LI 0EEE L, ARBETCHLIEBY S5 7
b b EOBERES T EATED, BICHVEIC ST DEROE 2 L LB X b oRg
GEBROBRCAEFEL LA LAERS R, BEF LT OhCERICIIS { OHRE
ATV EFREBELLERO TR, L &£{E5th, ThOMDPARRECEERMCERXN,
MBI X h M FIHATEE . U v E LT S h o TR 2 BT 2 LELH A 5,

5 &8 _
(1) B L 2EREN-OV voREERC OV TEHERC I VBR L, 75 AKEC

ByMOERYEE, ABEKEA Y7 i, RO S5EOKEYXEY 10 AOERY T -
s
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HFHE— A R

A) ER, K AYFT ikARLELED A

B) EfR, 8K, A+F7 i AR TAEL,

C) K, #AXAN1A1E LA,

D) ER, #kEAhd» AL,

E) BlXicA+¥7 iR ANnd,

KiRE5°C, BRIt T -,

(2) ERw=>2 )2 RAELHEKSLHELE ) BRE Y BHEOCRDAALLE, 0
frdKbo ) o R 2 ) 2 GRBE g 1 EMSh £ T 0,141 mg/g-d, 3 REE
V¥ T0.095mg/ged ERE L, Kb bledh, )V v EREET RSO AGTO ) YBRECK
SREBEYE VWA ENE LMo, (1DDOEBCAGEERMHIZ=AY ARD
R 2] I

(3) EE»CFARDOADSY v (TP), RUBERY v (PP)oEA R TATREE,

In(7P)=5.82—0.39 In¢
In(PP)=5.67—0.46 In¢
222U ¢ B

CRIEEE LS BREYHOUREE BT TWB I EERLT 5,

(4) 1447  PREHBERVERERCER L - HELERCEAL, ERER T
BT M NESSR L, AT IDLADY » PR L, ¥4 FT kPSS
COBEREY AL ET T,

(5) KEFOBEFLY VA 447  OFECI VL, EROH AL D HLLHH
BEE I N BECRL B RDEREY v AL, BROMIIARZFVBACEAI+¥F7
FOELAEL, KhERY voBrbih ot FRERO AR CRENEIL R Hic
e, FOBHEY vOSSEER AT (BEYL D 80 ug/ged TH -1,

(6) [ERSBRBOBEIC L DEFY Y ORBRERFOVEVEERATIIEL L b
w, BEYETFOhCERBEDEYBRALCBECLESR, KRO%BY LIPVE 5HBVHBT
IFREEFRCEELREAA-TVWDhDEBbRS,

5 A X &

HEeF  AEEIE - BERE - SH - HEEE - S0RKE (1980 By iERoHHE L EEED
ST, (2), BRE, BRECY voIfh, ExAEUEmuidgs, #5115, 175-189,

Andersson, G., H. Berggeren, G. Cronberg and C. Gelin (1978) : Effects of planktivorous and
benthivorous fish on organisms and water chemistry in eutrophic lakes. Hydrobiologia, 59, 9-15.

BEEXRQSD  EEC R ARESY L BEYS L CEBRE L oG oW T, B LEFEN
AL, H 165, 52-6)
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Characteristics of Physical Properties and
Nutrients Distributions of Mud in Lake Kasumigaura

(1) Distributions of Physical Properties

KPFEENA" - fHETSFEA" - TR SRE!
BE B FMEER - SERREER

Kuninori OTSUBQ!, Morihiro AIZAKI', Takehiko FUKUSHIMA!
Satoshi IWATA', Kohji MURAOKA' and Takejiro TAKAMATSU!

Abstract

Mud samples were collected from Lake Kasumigaura in July 1981. Grading curve
of mud particles, water content, specific gravity and ignition loss of the samples were
measured. Mean diameter, median diameter and standard deviation of mud particle
diameter distributions are obtained from the grading curves. The vertical profiles
and horizontal distributions of these six parameters are disscussed.

The distribution characteristics, especially those of the grading curves, changed
distinctly at 0.3m deep. Mud samples less than 0.3m deep had larger mud particle
diameters and higher ignition loss than those bellow (.3m and showed regional differ-
ences. The region from Takahamairi Bay to the center of Lake Kasumigaura had the
largest diameter, the highest water content and ignition loss and the lowest specific
gravity. Distributions for cases more than 0.3m deep showed little regional differ-
ences, especially for the diameters.

Apparently some hig change occurred in the environment about Lake Kasumiga-
ura at the time a sediment about 0.3m deep accumlated. In order to obtain the basic
data for the above discussion, the estimation of the annual sedimentation rate in Lake
Kasumigaura was made. The time at which this sediment accumlated was estimated
to be about 65~85 years ago and the total dry weight of mud less than 0.3m deep, about
6x10%f/m’. In making these estimation, the effects of vertical changes in water
content were taken into consideration. It was also found nearly all the annual
sedimentation rates as determined by some researchers are basically in agreement with
ours although there are some differences.

1. BUREWRER KELERES T 305 HgRm ke |y g 16 % 2 )
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Sampling sites for mud in Lake Kasumigaura
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Res. Rep. Nat). Inst. Environ. Stud., Jpn., No.51, 1984,

8.2 By BERMYM ¥ REBOF I
(2) RER, BRRU)>OHH

Characteristics of Physical Properties and Nutrients Distributions of
Mud in Lake Kasumigaura (2 ) Vertical and Horizontal Distributions of

Carbon, Nitrogen, and Phosphorus Contents

HHEFEA « KIFEIE' - BERE'
AE OB HIREE - RRRKEE

Morihiro AIZAKI', Kuninori OTSUBQ!, Takehiko FUKUSHIMA!
Satoshi IWATA', Kohji MURAOKA' and Takejiro TAKAMATSU!

Abstract

The vertical and horizontal distribution of organic carbon, total nitrogen and total
phesphorus content in the mud of Lake Kasumigaura was surveyed in July 1981. The
vertical distribution of these constituents was classified as follows ; Type 1, the content
did not change from surface to a 20-30cm depth and decreased significantly below
J0cm depth. Type 2, the content decreased with an increase in mud depth. Type 3,
the content of these constituents was maximun in a 5-15cm laver of mud. Type 4,
other. Type 1 was the general distribution pattern in Lake Kasumigaura and Type 2
occurred at several stations in the central part of the lake. Type 3 was found at
several stations in Tsuchiurairi Bay and Type 4 at the most inner part of Tsuchiurairi
Bay and outlet of the Hitachitone River. Since fishling is very active pursued in this
lake, the dominance of Type 1 distribution was considered due to physical mixing by
trawl] net drawing.

Carbon and nitrogen content was low in the inner part of Tsuchiurairi and
Takahamairi Bay and high in the central part of the lake, while phosphorus content
was high in the inner part of Takahamairi Bay. The average content of carbon,
nitrogen and phosphorus in the surface mud of this lake was 5.99%, 6.9mg N/g dry wt.
and 1.3 mg P/g dry wt., respectively. From the horizontal distribution pattern of these
constituents in surface mud, five zones were characterized in Lake Kasumigaura : Zone
1 was the inner-most part of Takahamairi Bay ; Zone 2, the central parts of Takaha-
mairi Bay and the lake ; Zone 3, Tsuchiurairi Bay ; Zone 4, the region between
Takahamairi Bay and the central part of the lake and Zone 5, the region of Asou-oki.

I EUAHIEF AE-LEBEE T 305 HEESHEE EITET I 16 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Vertical distributions of C, N, and P contents in muds collected at several sites
in Lake Kasumigaura
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D3~ cm BTOERBTOEEEOEEE, 60U T -> TV SMANRET 101 E, ¥F
RUY vy Tl9aTH -1, R SHEBXETLASHMATIRERVERSEARLE[ DO

—177—




HEFTEL - KR EIR - BARE - B8 - HEEH - S0RAR

* 1 ErEERPOERREE, 2¥HRVLY) YEARORBESMF -
OHBERUEREMID & -

Table 1 Classification of vertical distribution pattern of C, N and P contents in mud
of Lake Kasumigaura
Type 1 ; No change in the contents from surface to 20-30cm depth
Type 2 ; Decrease of the contents from surface with depth

Type 3 ; Maximum of the contents was found at 5-15cm depth
Type 4 ; Others

Type 1 Type 2 Type 3 Type 4
Ne. 1, 2, 3, 6 No. 4, 12, 23, No. 8, 17, 19 No. 5, 25
C 7. 10, 11, 13, 24
14, 15, 16, 18,
22, 21, 22
No. 1, 2, 3 6 No, 4, 11, 12, No. 7, 8, 17, No. 5, 25
N 9, 10, 13, 14, 16, 18, 20, 19, 23
15, 21, 22 24
No, 2, 3, 8 10, No. 4, 6, 11, No. 1, 7. % No. 5, 24, 25
P 13, 14, 17, 19, 12, 15, 16,
21, 22, 23 18, 20

30~40%, YV vERERIIGBEEOMECET LA, HIESHEL 0% EBRAFEL gl RE
A, VA 2HETERIT S TOMET 0% TR L,

3.2 XERH

H 2 RESHROAEGFMEFRT,0~2 cm B TSR A~ #OEI & E @B S hts,
BLEVCEERINGS RV N 25 THLIALD, ZhABLOHAIIIR LI L L Ad>0
BEECHHTH- 1ol 0 oTOBEBNENLLOLELLAD, FHBOGTHERE, HLEBR
CERA SRR T 6~6.9%, HHADRET5~5.9%, BEALLHADOEBRREOKEDRT
4~4.9%TH 1, 15~20cm BTIL6~6.9%D T HELFRTHEIEL L, BREADRRR
OB FRBIZR bRL, 5~5.9%0 GERY RTMBEHIC 0~2cm Biclb~Tii kL, L
AR LBLBEOBERA I ORBICA o1, BEARVEHABHETE 0~2cm B &i21T
RUEZT LA, RERTEA%RLTOSHERE CET LA, 30~50cm BT, 4%L ED&ES
Ry T ACE GO 2 LaTFERY, tHALRRARY AL ORI
PR C 3~3. 9% D EHE Y, AR, DM LRI T TR 2~2.9% D SHE LT LIS,

H3CEHSEROKES AR T, 0~2cm BOFERIRESHR L ARCBERTTE ],
BB CE VI 2R L, A&V 8 mge N/gBRL EOSERAEERA & ML O bR T
BRI, BRAGRELEHOEOE » OHIEKILT~T7 Img-N/g- EROFERTH » 1o, 1
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Fig. 2 Horizontal distributions of organic carben content in 0~ 2cm, 15 ~20cm and 30
~5Hl0cm layers of mud in Lake Kasumigaura
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Fig. 3 Horizontal distributions of total nitrogen content in 0~2cm, 15~20cm and 30
~50cm layers of mud in Lake Kasumigaura
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Fig. 4 Horizontal distributions of total phosphorus content in 0~2cm, 15~20cm and

30~50cm layers of mud in Lake Kasumigaura
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b L, 9, £HE (ALY S TEERSH—LL TV 0 & ¥l i BT S (1979
BT - 2B r HWOBHE YR TO Cs-137, Sr-90 DHESATFE TS, 0~20cm BT h b0
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magog BT, BB HO Pb-210 22 0—6em B TH— A BESHLRT - L XERALCES
D, Robbins et al. (1977) (32 D% 5 7R TH Pb 210 DF 5, HEHHTOROB
BB 5 MREABAL I Z Db, EYMTHEEACELICI B b0 LEBL TS, B
SETIREEBVRATHY, EUVEACIZERO» (CHAARERThRATV3 (HE S,
1979), &H - BH (1976) L hiE, @i 1966 E LA BEAS R U X BRI LB N SR
KEBL, PhUSERTHL 7 AV E, 5 o+ OREHEAL, EEMO=E, ~LEDR
BErgml o, 200 LixiE¥c L RO A (ALY 1966 FELEBBCTHA TV 5 2 & ARE
T 5, KAEES (198402 20 cm ERPER T 5 A0 it 5~ 40 EEMBET A LHE L Tk v (F D),
EXEFE SR 12415 ﬁﬁﬁ & #i—ﬁLr‘:bﬁ% BEFEEIERY LR EFTHIE
LTuvhz b, FORE 0~20cmBOERCER: O LEESI T,

= 2 {REEHEERTH L OBk .

Table 2 Relationship between sediment depth and estimated priod of sedimentation
at the central part of Lake Kasumigaura
Wy=aY Where W : total amount of dry weight from surface to each depth.
Y : Estimated period of sedimentation. g : Estimated total depsition dry weight
in a year (kg f/m?-y). (Otsubo ¢t al., 1984}

- , Y (year)

z (cm) Wi (kg f/m™ 7 ¢=0.6 a=0.8
‘5 5.8 97 - 7.3
10 12 . N 15
15 9 32 24
20 28 47 35
30 50 83 63
40 75 125 94
50 105 175 131

60 140 233 175

. EMABHEED No. 7 HETO C/N HOREZ ML, RBCHE~NT5~20cm TE T T 58K
B&amlLid, chizkdh v+ VEROITHDO L g A2 L - TEBD C/N O .
MK X, FRAMRE LA E LB Bohb, 5~10cm BEHEDO L —
s REDH 4 F(3OPEFFERTHALIHALS, 20X shaMrRTREACZL L »
ARONKELNPEYEZ TWAHLBELRE Y YICELTRREE T T2 28521 7(3)
DHFRTTE EL S, TOFERELTIBTRBCHEL LAY v KB L TRLRE tF
L, # 2 CRELLTERTAEBAEL LR TV-% (Carignan & Flett, 1981), By ¥l
T HLEBERES U ATESELS L L, C/PIEOREDMHIL0~20cmB TC/NEDOHE
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Fig. 6 Relationships of POC, PON, TP and Chl.e contents in seston and sediment
surface layer in Lake Kasumigaura(Fukushima, unpublished)
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Fig. 7 Surveyed sites and classified regions of Lake Kasumlgaura according to the
herizontal distribution patterns of C, N and P contents in surface mud layer
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Release of Nitrogen and Phosphorus from

Sediments of Lake Kasumigaura

M RIER - AkE—!

Masaaki HOSOMI' and Ryuichi SUDO!

Abstract

This study was conducted to estimate the internal nitrogen and phosphorus load-
ing from sediment in Takahamairi Bay into water. First to be studied were the
effects of dissolved oxygen (DO) concentration in overlying water and bioturbation of
chirenomids on the flux of nitrogen and phosphorus release from lake sediments and
effects of temperature on NH,-N generation rate in the sediment. This was followed
by an examination of vertical distributions and seasonal changes in NH,-N, NO,-N,
and PO,-P concentrations in interstitial water determined nitrogen and phosphorus
release fluxes from sediments in Takahamairi Bay were estimated using a mathe-
matical model method and laboratory core method, respectively.

NH,-N concentration in interstitial water in surface sediments changed season-
ably. Increasing temperature from 10 to 20°C had little effect on NH,-N generation
rates in the sediments, but that from 20 to 30°C resulted in a 2 - 4.4-fold increase in the
NH,-N generatidn rate, Maximum NH,-N release flux was cobserved during the
summer and early autumn and was found to decrease with a decrease in water
temperature.

The sediment in Takahamairi Bay had high denitrification activity irrespective of
DO concentration in the overlying water. There were indications that Chironomus
plumosus accelerated denitrification in the sediment. NO,-N concentration in inter-
stitial water could be observed only in surface sediment {0-2 cm) from late autumn to
early spring. NO,-N fluxes from water to sediment in Takahamairi Bay were
comparable to those of NH,-N during winter.

The PO,-P release flux increased with a decrease in DO in the overlying water.
Maximum gradients of PO,-P concentration in the water-sediment interface was
observed during summer and early autumn. Phosphorus fluxes estimated by the

1. BIsEWRN KALERES T30 RBAKEESREET EN 16%F 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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laboratory core method were 1-10mg/m?+d during the summer and early autumn, but
almost zero other seasons. In spite of the aerobic conditions, C. plumosus caused an
increase in the phosphorus concentration in overlying water when the temperature was
more than 25°C. '

1 Brifcssigas
Fig. 1 Study sites in Lakc Kasumigaura

1. RLwIc

BRCETZEXRRESYRHIEL THRMLERBLARLFE T oHL, EFP) Vi
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%#B®§§$Uymﬁ&miaW%ﬁmﬁiﬁéﬁéo%K%#ﬁﬁﬁbf&,E%ﬁggﬁ
B ER L CIEMOESRO RE MRS Kbho4 ) v ofind H 8 TE L L #7005 (Otsuki
et al, 1980); :

ABRL, By BERA (B188) Lhik LR, bOSER U v O%ihic & 5 HHA
WYEET Lo 1) EROSOEHERVY voBKE 7 et ACRIETESHT 2) ERM
FaAkpoERED) v BREOKFERVEEL ikttt L LOFEHEL 3D EE»LOEFRTY
v OEREEOF Mz oV TRN YT -1,
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BT, $HENRRS P BRI AZBEROEE L) k- THFE kboEE,
VYR ERBAKCBITTA, 20k BEHERIC» bR T e e A RIS THBRTF YRR L
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ment to overlying water {mg)
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NH,-N transport from sedi

T —r—r——
4/ 8 10 12 14 1%
o—¢ Timeldays)

K 2 #DOBEECKTSH NH,-NOBHESCRREETL (St. 1D
Fig. 2 NH,-N released from sediment to overlying water vs. time in sediment-water
systems of St. 1 under various dissolved oxygen (DO) concentrations in

overlying water
g ;DO 02mg/l A ;DO 06mg/t & ;DO 15mg/l
¢ ;DO 28mg/l © ;DO 92 mg/l
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Thil, EROBHFRBIMC M LME L - TLECRRELBREL 050 T, ERMT XK
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RHy-N in Interstitial Water (mg/1) =
. £ Time {days})
NS B o,0 736 & w1
‘6:’3 i z Lake K i 5t
=3 ake Kasumigaura St.
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= \ z . o
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Y c \
8 - s N s \5
{nitial v & %g 1.5 mg/1
Concentration P =
S Ny
10 o é\‘ -0.24 . Dﬁa
Lake Kasumigaura St.! (1981.6.24)
® 3 BHKBRIECKTAETE X M 4 #DOBEIRIS NO-NOE
o) NH-N BEOREB SR (St HEOEREL (St 1D
19} Fig. 4 NO,N released from sediment to
Fig. 3 Vertical distributions of NH,-N overlying water vs. time in sedi-

concentrations in interstitial water ment-water systems of St. 1 under

after release experiment various dissoclved oxygen (DO)

o ;DO 02mg/l A DO 06mg/l concentrations in overlying water
A DO L5 mg/l . o ;DO 02mg/l & ;DO 06mg/l
o ;DO 92 mg/l A ;DO 15 mg/l

e ;DO 23mg/1 o ;DO 92mg/l
1
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Fig. 5 PO,-P released from sediment to 19
overlying water vs. time in sedi- Fig. 6 ~Vertical distributions of PO,-P
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various dissolved oxygen (DO) after release experiment
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3.0+

2.0
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Fig. 7 NH,-N concentrations vs. time in Fig. 8 PO,-P concentrations vs. time in
the overlying water of sediment the overlying water of sediment -
_water systems from St. 1” under -water systerns from St. 1" under
various dissolved oxygen (DO) various dissolved oxygen (DO)
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Fig. 9 Relationship between PO,-P release fluxes and dissolved oxygen (X)) con-
centrations in overlying water
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MEEREECRATREOHEEC OV THEHL,

2.3.1 EBHH®

198294 A 20 H, BEA St.3 CHIFAZE 2 7 — % F o L h ERAEHR L ER= 7 —
2~3cm JERGEIL, RERE L, ERAK S5g % BOD FAKAR, HOHLUBEREN A
ST I REBRL TR K Y MO TER L, T BOD CAREFT, 100C, 20°C, 24°C,
JCOERETHBEL L, ERAATAKRLAEZAky A0, 8%, EROBREBRG
W, ERHO DO AE R LV e EL LR DTHS, —EHMC L BOD WAY X (iRH
B, K—BERESEYENLL, 7 b=~ GF/C TABLAb D% NHN OFHTcft
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B 10 gEE&GETCs TS 0—2 ® 11 NH-N4&HEE-RETEE
cnfE o K-ERESEF O e
NH,-N E O RBT{Y Fig. 11 Effects of temperature on NH,-N
Fig. 10 NH,-N concentrations vs. time in generation rates in sediments
sediment-water mixture from the ® 5t.30-2cm A:SL3 2
sediment of 0-2cm layer at St. 3 -dem w5t 3 4-6cm A
under different temperature condi- 5.3 69cm o St 3 9
tions -12em © ;5. 2 (-1 cm
e :30°C 0 ;24C

A 20C o, 10°C

L, ¥fofid, ERAMOSKELRD, %IE1g %709 NH-N EREEE LTRLI,

2.3.2 EmER

—flE LTRI10iE, 0~2cm BOXK-ERES®R+SD NH-N BEOCRRE(L LT T, FH
QP |FEL ORI BEE LY S 2 TR, PBA—REIEwES & LT, THE
EERARDLIENTELY, EHNSREELERBEOMEEC L » TRRIN Y REDO
T, ¥ NH,-N BE A» v BEEH L0, - 2T, BEMCEHIMLTC, NH-N %
HOEE YRt - O BRARUTFT AR EEIFB0~2cm TRAT. 9ugN/g dry sediment-d
(30°C) Lo fEERL, BEHE @y Lk, Kamivama (1978) 3, Ei{g+o NH,-N ©
$FESHETTER T 00, BEHNLHERtD NH-N OEREEOHRES ALY RO,
FhizXbdE, NH-N ERGEETERERB 0cm © £ 25T, 0.15 ug atoms/cm®+d LV 5§
Kftid R L, B3Iz L, 5em BTCIRIEY e Lt -f, &bk, Kamiyama
(1979)i3, EfRto NH,-N O#E YR LA EE -« FAoRERY L, BEESMEHERD NH,-N
4 EE A L ERFEML T, M ERROET L b, e, NH-N &R
FEECRETREODRICOWT, 207 -2, St.2 (AR I, xR oRbLE&H
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HT, 11K F&Hi, EREBBTE, 200C L bic 7o s & EEHNC EREEAAE < 7525,
ERFBECE, £REEr T EEAREDELTED LR,

# 2 FRUED NH-N Ak B Bs-HR B 4h R

Table 2 Effects of temperature on NH;-N generation rates of sediments at $t. 3

Depth of sediments NH,-N generation rate (ugN/g dry sediment.d)

(cm) 10C 20°C 25°C 30°C
0 - 2 0.8 1.8 3.5 7.9
2 - 4 0.7 1.2 —_ 2.2
4 - 6 0.2 0.6 — 1.2
6 - 9 0.2 0.3 0.5 0.8
9 -12 0.3 0.4 — 0.5

2.4 aXUHOES

By SOFBEBRHICIE, =AYV AR L1 ARFOEEEHPAZCHE LTV (G
J, 1981 ; Gallep, 1979), ZZCil, BrBOPELETAER»LORBEBRRCEASHH
EDRBEFSLTL200%HOLNMCT R, ERENTESAENY AN REANTLVRD
BIHERE T, AEYEEN LGRS, 1983), ERcAV A Et, 5y il R
EBRTHENOSREPT TR T 54 4= 2V & (Chironomus plumosus) TH5, ¥1=, Bril
BREVERS, FEMNEHE TS L3 Tw307T, 22Tl FSHEE T CREER Y F-
1o

2.4.1 ERHE

BBRASL20982F5 A) Te2 « VEREBC L ) ERVER LI, BEEEMAYBRET 210
i, A%y FTILRLDOYERREME Lic, B~ LEERRABCT 7 9 vt g 7 (AR 40
mm, £ 30mm) ¥ELRAL, BRARLYERTAEHT, 0EKD7 7 VA T L -TE
a7 —%ERLI, BEROBIITNT 12em & L, 2V AF £ 7 TERO Rir kS AY
iz, 27— 10&FT220C, 26°C, 29C DRBEOREHTTA v & 2 ~— b L, ML
=T V=3 a TV, BEKDFIHEEL2EE L, 1BRE, C pumosis 1 XD 27 —
0 E JIETOlRINL T, SRELLAF AV A RHEMULAOERSA LUF, =20 23062
WHIT, BODSAIRBE LI, 1ED =27 —imo2 3pus 5 BFRR, SrBcassh
7z C. plumosus ODRABHFRICIERET 5 (Iwakuma & Yasuno, 1981). =@ C plumosus i1,
Hr®TRRLCE, ERCRABL, EREMTH 12 FREIEE, BEAPToAvHT e
DRI, BRELKO4 7Y v o, EHEYHCT 15 ml KL, FronEEmxy 15ml
BILTiT ol AR LIRARE 7 » b = v GF/C THRL AR, EBEOSFTCHL -, 8
RTH, HEL58% (MEB-F0# 1983 i ) ERMTFEAFoRBREBEVAE L, i,
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SEEWIM R C plumosus DFEEREROETFTAEEI W27 — 2, 2 A ) 7; HE SR L 1,
7, BREMICA I ARIB~y Y FABRIAAL O LBrbERA L,

2.4.2 EREER

RERTRCETS22 ) 2k EHBOAEYEBT 2 L TFO L 35,
(1) ZBECRZ5MEBY, =2 7R CIERCREL TV, HBRTREROER

BER R T,
(2) 22VHFHTE, =2V 20 UTHOELRE L b EROEE L 70, Zhit

BRRCEEEL, 220 HFARIHBE EANKE T D LR S,
(32 =2y a8eh, BRI hB@bdbhil,

iz, 20°C, 26°C, 29°C Kk 3E LK PO,-P BECERBEYE 12wriT, -2 TF
L7 PO~P BEE, =2 #3508, MEHAMEL 3AD27 -DFEHETH S, 20°C T2, =
AV APR LB LE TRAELEN L, C plumosus 1V Y OBHRCITEALEFE LT
EELZLRL, LvL, 266C TR20C L&), =2y 2BRIHBI D 4 PO,-P BEHFE
{Te>THkH, 22V A L5 ) v OBRBRESDE,LTD LR, 20C kT h 260C & [
DREEERNTREINT, 266C RU20°C kit n = A ¥ 2{EmED PO,-P BEOHEHGHEMIES b
BHEEYRDD L, 1~2mgP/mbditicd, “hit, =RV 3k o T PO,-P DEHEHE
Sh2DRE*BFHEECRLACbDEELZ LIS, K132, ERETHOMIT XX+ PO,-P
OEEZHERLELDOTHD, =2 ) PEBORHFRBL Db PO-PEBEAE LT,
L2:L, WTFhoFBELMEH A5 Mm%k L1, PO,-P LRRIC, 20°C, 26°C, 29°C i
BIABELAD NH-N BEOERELA R 14 2R, 20C T2, C. plumosus MU E
#iw NH,-N BE ML ch, FofE, —gfELitot, PO-P LR, =22V it 3
BHEEDRY NH-N OBBEETRT L 20~25mg/m?d 715, 26°C £29°C T3, C
plumosus HEMLIHE, =2V pRBIHBELN, ELv NH-N BE»8E» Hhi-, NH,-N
DORIFEE D, 2 A0 L - TRESACBEHEE T, 26°C T 45 mg/m?-d, 29°C T 50 mg/
mied &ich,

NO,N 2T, 22 ) 2FABOFrEETR L RAEEAIRDBRLDS, 0.1~0.2mg/1 L
TC, NH-N FHA~ND & VIOBETH -1
FRERETRCET2EEAREURITE Kb NH,-N RO NON BEOCHESH (26°
O #E157FT, NH-NZ2- T, SBIRROBEIFACELIBRL v, 20
EHBRBETE, BRI - TER»SGHEK~NH-N A PREIh TS EEL RS, F 2
BH, 220 aERNL, BaAHECH Lot TOI L3, BEUADERE T v e A vE L
BUBEEYREL T3, 22 ) 3 DER - B2oF, UEHOKEAT mixing BRYHES
EREBRTWE, LicdioT=R ) s DEA - B oFERICH - T, NH,-N 2ER»LE
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Fig. 12 PO,-P concentrations in overlying water vs. time at 20°C {a), 26°C (bJ. and
29°C (o)
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(a) 29ec Chironomid (b) z2%°C Control
+ overlying water +
0 0 -
sediment
1+ 1 4
&
22 2
s 34 3
a
o
hal g 4 4
5 5
0 0.1 0.2 {mgp/1} 0 0.1 9.2 {mgP/1)
| NN N I | U FE—
PD,-P concentration PO, -P concentration

B 13 =2V 230 @) RUOKEEE (b) ks & Kkdo PO,-PRED
R AT

Fig. 13 Vertical distribution of PO,-P concentrations in interstitial water of Chi-
ronomid added sediment core {a) and control sediment cores (b)

ERCEEERD EELLRL, T, NONIZ DWW TLRAE L, BB AREEL T2 ) %
ABDOHHE LT, HBTREEASRIH SR ot, 1, 22U 2 RET,
WEHENT NON BRESHA L TRE . SE RS L, ThEROER T, REB
BUETLTVS0SEBhRb, LD L 5 C plumosus 11, SRS HOWLIS TR,
BMELRERRT WD LELLAD,

3. ERELKE UM & KPoREE

BEROBELFES 500, HES (1979 2, By HEREAEICE - TERRORE,
EFK, UV vERTROLS, ALK ERMNAERSE LR o5, Fh, MEJRE (198D
i, BEAYSRLE LTEBEY v OKEROEE S & T OFEHEY I S Lo,
T FeP BENLERAGTTRITLRET, o214 700 v, s A YEHELAS
DOLRY, FHBY vOEBHEFHCEI L KboLy vBEDO LR L2, WL L A o1,
—7, EE»SORBEBHOFE LT e AL LT, BHL DD, COF 5w A TR, $EE
DRK-—ERARCKSITI2BEZSELEREE 1D, £20, AHTE, K—ERMOYESTRC
KELBFRLCVAEEADNZERBFZ A bhoXBEECEHL, $EEREOKERVHE
SEt L T OEHE LYWL L,

3.1 EBAE

H1 Rt Rga CHTFAI R =27 — v 75 — ¢ AV TERYHERL, LKoYy 7Y
VI H T at, FOW, HEAY7AY L — 4 THEBESHEMY, ER=27 % 1~2cm &
CEk L, ChERLARE (MR - AEE 1983) wAh, VEIE T - EE C3000rpm, 154
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(a) 26°C  Chircnomid (b) 26°C  Control
1 I
+ & overlying waterd +
D L 0 Il
- 7
i 4 ’O\'\ sestoent | Ix
= P/ N02+N03-N
CREAE P e
K NH, - -
£ 1 - 3
e
o
3 4 3
5 5
0 z [
A S LA B T T O S B B ALC Y
NH4-N cencentration NHy-N concentration
0 0.2 0.4  {mgN/1} Q 0.2 0.4 {mgh/1)
——te AN S

N02+N03-N concentration N02+ND3-N concentration

R 15 EBRTREKITE2AYPEM (@) BVGEBERE (b)) oFF & kb
NH,-N BU*NO-N BEDOHESH (26'C)

Fig. 15 Vertical distribution of NH,-N and NO,-N concentrations in interstitial
water of Chironomid added sediment core {a) and control sediment cores (b}

ELEEI L HATESRCE 7B Y E EK R KESic LA, K E%E B, NH,-N,
NO,-N, PO, P T+ RTHBFHEB Y A THEL -,

3.2 BER®

By O St ] DERER (0~5cm) k52 KkFho NH-N BB &+ DEHE
b 16 iwmd, £~FWil, I1mg/| BELHE SRR H—T, FR*BLTEREL -
fro FlA—ERMOHELRIC L - TREL T HERBEFBO~1cn)icds'Th, 1 5~4 5
LR, 0.2mg/l MECHEREY AL TRIBEZTRLY, 38 8 HICRERRERRB L HE EkD
A\ Te ot T AE¥ e &, BB 2 ko NH,-N 28I 7o, BRB ¢ 2~3 mg/
l, 2~5em BT3~Tmg/l LRBEHAREENRLE U, 20X 5 eoMmIL10 B % T -7,
St.1iZ%t% NH,-N O3 o &b R EMEL sk, hots Sk T LB TH - (R
17, 18, 19, F20), 7=, St.44t, fMMOME LN, BOKRREETCHELTELVHE
HAMOBEZ 5 EAED LRI,

BRI E Ko NH-N OFHEBET 53 M A ® & Mtz & A L 2% Kamiyama(1978,
1979) 3, BEEHERMT 2A+0 NH-N OHBESHIc> - THAEXTY, k0L 5 Ry
RUTz, REFPFEHELLRTERZ, M EKdbo NH-N SEFcEmL, £t s
HE B, 0L 5 AEREHCEROEREIGIV-BS THETH -1, BENEHFELT2
BrEckWTLEEBRREC, BEHGEREBT CEREC Y, KM@t s L 54
BABoRA, Thil, 2-3TRLACL S, NH-N oEREEORESR L —T5, FHD
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Dverlying woler

Depth fcm)

2 1582
I—A_PL | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | JAN | FEB |MAR | APL | MAY | JUN | JUL | AUG | SEP| OCT | NOY |DEC

B 16 St lieksTaERMTFE Kb NH-NBECHES M L FOEFHEL

Fig. 16 A seasonal change of NH,-N concentration {mg/1} in interstitial water at
St 1

Overlying water

Depth {em)

- 4
1331 %82
EPL {MAY | JUN | JUL | AUG | SEP| OCT | NOV | DEC | JAN| FEB [MAR | APL |MAY | JUN | JUL | AUS | SEP | OCT | HOV | DEC

17 St 2 kit EREH &kt NH,-N BEOHEDF - + OEHE/L

Fig. 17 A seasonal change of NH,-N concentration (mg/l) in interstitial water at
St 2

Cwerlying water

Depth {¢m]

1981 1982
LAPLIMAY | JUN | JUL | AUG | SEP | OCT | NOY | DEC | JAN]FES |MAR | APL |MAY | JUN | JUL JAUGYSEP|OCT | NOV | DEC

18 St. 3 RITHERMT 2 Ao NH-N BEOCHES M & L OFHE(L

Fig. 18 A seasonal change of NH,-N concentration (mg/l) in interstitial water at
5t. 3
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Overlying waler

5N

Depth (cm)
\ "
SN '

N,

M 19 St.4xxdsEEMFE2KT0 NH-NBEOHESH L L0EHTEL
Fig. 19 A seasonal change of NH,-N concentration {mg/1) in interstitial water at
St. 4

Qveriying woter

7 '-'-'..'.".'::_-_,\

P T AL e
o oty

Depth fcm)

i38t 1382
[_APL | MAY | JUN | JUL | AUG | SEPJGCT | NOV |DEC | JAN|FEB [MAR | APL | MAY | JUN | JUL | AUG | SEP | OCT |NOV | DEC

20 St9 kA EERG ¥ kbo NH-N BEOSES 4 L oFHEL
Fig. 20 A seasonal change of NH,-N concentration (mg/l) in interstitial water at
St 9

(1980) =M (1982) v, ERAOESHETELEHR (BDN) 04 FER FH AT < RE KR
LTwahIEwRLE,

i, St.1FBISt.4 st 5ERMTZAKPD NO-N OBESH - FOFHEL L 21,
(22 o t, St.1 DR ~FFR AT, B EAKFT 1~1.5mg/l, ERHFRBTT0.5~1mg/
, @ esic2nT NOAN i AL, S5cn B TIIB A Y rinitat, 20DL5
CEETR VR L B LAY eI s T, H Bk B ERMEIT 2 KD NO,-N BE - 5 B4 %5
i BHHAICL, RiFEReEsp Tlhed, HLRFIICBIZE ALY NO~N BEEL i ok, &
D L5 S MOEMEEL, St.4 THRRTH - 2088, M EKPI NO-N OFEL V1R
2St1 Lo RS, FLE~FECHGTOERRERCI, 0.1~0.3mg/l & St.1 it~
b, EBETH 7o, SU.201 St.1&, F7 St.3& St .9t St 4& WU EHEHLTL 12,
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Overlying waler

1981 1982
ml_q MAY | JUN | JUL ) AUG | SPT| GCT| NOV] DEC ] JAN| FAB | MAR| APL [ MAY | JUN | JUL | AUG | SEP | OCT] NOVIDEC]

B 21 St 1 @kidsEEEG &R0 NON BEOHE SN E £ 0FEHE(L

Fig. 21 A seasonal change of NO,-N concentration (mg/1) in intersiitial water at

St l

Overlying water
Ly e N6y N =
’./G.'\/. T \,_/\gf

Depth (em}

T 1382
APL | MAY | JUN | JUL | AUG | SEP JOCT | NOV | DEC | JAN| FES | MAR | APL {MAY | JUN | JUL | AUG | SEP | DET INOVIDECI

B 22 St 4 st sERMET&KPO NO-N BEORBES N & TOFHEL
Fig. 22 A seasonal change of No,~N concentration (mg/l) in interstitial water at
St.o4

Tl ThoSics Ch, NOAN Efo Ik {—f ki, BLASFEME BRI TELE
KoHBEFE AL @1,

St.1, St.2 BU St 4B ERMAT EKGo PO-P ofES & B EKkho PO,-P HBEE
DEMHBELA B 23, X 24, {25 RT, FHEE L, B~HOWDEH T T ERER0~3
cm) 70 0.3~0.8 mg/l DEBEK k52, L, POPEBESELL, 0~6cm BT0.1
mg/l B DR ol R RE LD, 19814 & 1982 EOFMOHES MIE TR
b, 1982 £DOHHE POP BEAR LI, LiL, WTFhofFE BHCERLCERIL, &
B2~3cm ¥ CRBBAYETALENAROALY, TOMORMGED LT, Bl
FBLHFBEIC o, ZOX 5 REROAE OB iz, BILETREYERLTV5EE 2
bRb, BEECREREGAEDLALEE POP BEAEVBE AR —RK LT, i,
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PL | MAY | JUN [ JUL | AUG | SEP | OCT | NOV] DEC | JAN] FEB [MAR | APL|MAY | JUN | JUL | AUG | SEP [GCT { NOv | DEC

23 St. 1 ik 2 EERT & Kb PO,-P BEDOSHES T L TOEREAL

23 A seasonal change of PO,-P concentration (mg/1) in interstitial water at
St 1

Overlying wotar

1981 EEH l
APL| MAY [ JUN| JUL | AUG | SEP|OCT | NOV | DEC | JAN| FEB | MAR| APL | MAY | JUN | JUL| AUG | SEP | OCT. | NQV | DEC

M 24 St 2wt ERM S Kb PQ,-P BEOHESG T &+ O ELE

Fig. 24 A seasonal change of PO,-P concentration {mg/I) in interstitial water at

St 2

Overlying woter

Depth (em)

B 25
Fig. 25

St. 4 Ik B BRI & KD PO-P BEGHES M & & OFEHMEAL

A seasonal change of PO,-P concentration (mg/1) in interstitial water at
St. 4
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FHRIC RT3 EHOERERBTD PO,-P BES /A4 5L, St.1 3 fiolE L k~s L,
0.3mg/l #BABZ ENERTH -7, 5.2 S5t.4 T, 0.5~0.8me/l BB Z 2D -
foo K—ERAMCETS PO-PEBECZ SEULSt.I AR S/EL, St.2 & St .4 &AUFH AR
xR L, i, EREBEN0.2mg/ B a8, St &b 4an<, St.2,
St.3, StARARAESRTE Lot L, E0oRATLEHERERS PO-P BEA
‘WD, K—ERFAECETS PO-P BEZ SEFRALLD I L L, EHcHixb0Ly
VIRESEMT S EABRLTWD IS Bbind,

4, ERSHLOERRU EHEE ORI

ER»GOEEERHEELHOACLL LT, BERIHOERE - ) v EREEYFET 50
B ST s A LLEZORE, UhUTtd b, 2B THC I 5, RERBHERYPH O
T2, H{0EBRFESVCIFEL Al s, CEERBAIALERE L,
—F, EF -V VOREYALNCTH I LN, BERBUHIEYEL T ETHEAERBD L
BESETH N, ZOLWREMD, R, BAMNRRWVETLALERLE L3NS HE
YRGT, BECCOFRBEBHEEZFHML TV I BN BETHILEELLRD,

WBRER)»SOBHEEY RS 5 HECEREL LV RERTOFK-ERRC K Tkpo
FREBEOBLESLRHEEMEL, 74 » 7 OWEMEEAL LB e F A B BB+
FaghEndn (KA, 1982), ME - A (1983) &, NH,-N BHEERD NO,-N DEH
HELOWT, FAETHL =7 —REBRBHE, =7 -8, F+ v BB eTLERE
BRELN—BTHIERR LA, X561, NO-N €T, ST ELC4HhE, B.EAs»
LEEADT 5 » 7 ABGBLTWD I E®RL, ThEBRE7F» 7 A LE L, 2T,
SHEOBEHEEOFEAE L LT, BEH 5V IENTA-ERA% D 58 incubate T 3 HE
B, LA TTLHBeF v BERER LU, 1, #l e FAERERT I,
SGEIFIATEL T -2 BB L4, BALLVDES>ORELBHTH S,

Lo Liehin, POP OBHIEROBHLRLD, Tibb, K-EEATMTO PO-P O
BECHIREARDLAIC L bbb T, 27 —ESF v v A-ETRE ko PO-P BE
AL I ofs (R, #RF) 0C, BB TARRFERTA o LATE, LicdisT,
AR T, PO-P OBHi> T, 27 —REBBIC L - T2 T- 1

4.1 REEFZ
PEBe T A RIERMIFEKEELKEIOBEZ 5Hb, KEDOHH Y 7 » 7 2 F(mg/m?d)
¥RODHAETH D, K—ERRECEIE7 7 » 7 212,

—_¢p2C
F=—¢D<5| (1

—211—




Ry - AR

o,
¢ BFEE ()
D | i#ers (L/T)
C i NH,-N 513 NO~-N BE (M/L)
2 R -ERAED BERE~OERE (L)

FRETAWMMAEE D 2B L vl ni, ChETELOWEHFB LY, WHLAHLF
BECESOTHEGEIRD LR TELY, FOBERDLHEICL »Thish Big D (2X1074
~10Temi/s), X TRHENBEE TV o OB BEBEIR b0 & LT, Lerman(1979)
A%, Manheim (1970) 07 — 2 %8B L THLBEAAFH L, Tihcbbh, 222K ¢ LT#
R D LoMIcRBD L5 RS,

D=¢’Dy (2)

ZZ T,
Dy p=1 R DIBGRHE (NH, NOy- &4 9.8x107%cm?/s) LY/T
T°C i¥sid s NH RO NO;~ OIKERE Dy 12,

Dy = DU+aT) ‘ (3

T,

o BEMERK (NH., NOs- &4 0.04) 1/°C

¥72, (1 )ﬁcfw)%f | RERCHHT 5 2 L AREROT, 2 T SRR RS

ZREBELKLOBEISRLE LI, Tihbb, EREEEY 0~1cm & L, ¥FBELKRE
T EKER~NS ERE SRS coT, X—EREEL 9F om EHFodo>ERLT,
LELDy, BE75 » 2 2A%RHB1DRIL,
F:quT&'A——JC—“—" (43
Cn ) ERBEEE (0~1lcm B) o &k$o NH,-N KB NO-N BE (M/L)
Cov B EKAHPD NH,-N BT NO-N 8F (M/L)
Al ERBERBORE, T bbb K- ERRE» O ERKEREOSLE COREL)
Dr . TC(zoTid, BLhAkoKBXHRBLL,) CisitaiEf (LY
ENTTCE S (MR - A 1983),
27 —HRUBSEE, R (1982) B L, BH (7/20~9/8) &, BHE 90%, B¥* 10%
DREFAFHCTELKD DO ##HE L8, ToMoiihit=71v -y & Tk, T,
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REREGHBOKRCHKVEE L L, ML, St.156 St 93 ThR-—nlRESs L1,

4.2 ERER

1981 F 4 A~19824 6 H 2 ciciBoh it B EKLHF &Ko NHi-N B NO,-N BEND,
BEETFARCY - TEBEEEY RO, I, ABPHEEYREH I CBELLLOT
H%5, NH-N OBHEE TR, &8s 4 7H~9 A 68~134 mg/m?-d & BRExT
L, 10 H~12 ok, SHoBHEEONF It L, Enhicl A~3 Az, 28
A LTl 5OBHERE S ftotn, St.1 T, BEEASBERY 7 v 7 AnSH LR,
HERicA 5L, KENE6mEDHD St.41L, TFThofrisuy T NH-N B EE R
AETLoiadl, MMOME T, BHEERECAKERERZRh o1,

NO, N DBE, B LAYELEKPSER~D7 3 3 7 ATH ot BE KN LIRT, D77 »
7 A MEREEFERT S, CoOBRAER, SOl bRRcaYr sl do2hE
LS E AT DN -7, AT D &, MAEEEN St.125 St.2, St.3eh
FOERMEA Ui, S4BT St.9 T, 1 B~3 B&BWIE NO N OMEEEIIZL A LS
ReEd,

K- EREW s 5 MBEREBOBE NS, NH,-N OFEHMEE & ER~D NO,N Ol
Lo, B NH,-N OBHAEER 75 » 7 A TH LD, L8t St 0%,

% 3 NH,-N BUNON BHREEOCEHEL
Table 3 Seasonal changes of NH,-N and NO,~N fluxes at sediment water interface
of Lake Kasumigaura estimated using a mathematical model method

Nitrogen Flux (mg/m?*-d}~

Period
St St.2** S5t.3** St.4* St
1981 NH,—N 10 14 15 16 16
Apr-June NQO,—N —14 —6 -1 0 -1
1981 NH,-N 68 83 69 134 87
July-Sep. NO,—N ] 0 ] 0 0
1981 NH,-N 34 37 41 53 25
Oct.~Dec. NO.—N -15 -6 -5 0 -1
1982 NH,-N —2 3 4 - 3 8
Jan~Mar, NO,—N -12 -8 -6 -5 —4
1982 NH,—-N 8 22 3 29 19
Apr.-June NQO,-N -7 -3 0 0 —2

+ Negative values denote nitrogen fluxes from overlying water to
sediment.
£ porosity ¢=0.94
* % porosity ¢=0.95
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WThotsE d NO-N DER~DOHEEEES NH-N OBHEEY L@, & T2
7w s RElat, MAMISD NO-N OEEPHE SIS St.l & St.2 kW1,
BENYEBE, NH-N oBHZ G T NON OER~OBKEEL ) KEE7 5 v 7
ALLTELRBL LMTES, '

27 ~FUEHBEIC L - TRD 1 POP OBHEEEOFHE LR 4R T, 6 HTALLI
B¥amnidT, PO,-P oBHEEIL, A7+ idbdbon, Bkirk1~10mg/m?-d &
BieH -1, Lo, oD PO-P BHEEL, kkihte biroi, I, <4
FAOEHEE, ThbbEEANLER~OMKEELAD LRI, LA L ZOKE 2L 1 mg/
m?+d LUFTH -7, POP BB b#MT 2 £ R, KREF TR, REY 25°CH
L, DO BEN3I~4mg/l DL ETHD, EIHTHFE KD POP BEOHESMIRLI
Loz, tyd XYool ERRRSC PO-P DEBEEA TR TS, LE
DLHie, GRACKDTS PO-P oo, KRS 25°CH B L b ERAHO
DO AEFTTAEHCOZERTRIELVEELOND, §1L, HEFEXho Y vBELED
T, KRRV DO BEY) vEHCRETHEDRC VT, BHLTWIBENSESL 5,

#= 4 PO,-PEHEEOFEGLEL
Table 4 Seasonal changes of PO,-P fluxes at sediment-water interface of Lake
Kasumigaura estimated using a laboratory core method

Phosphorus Release Flux (mg/m? - d)
St.1 St.2 5t.3 St.4 5t.9

Date Temp('C) - DO

11, Jan. 5 aeration 0 0 0 0 0
8, Mar. 5 aeration 0 0.2 0 0 0
7, April 15 aeration ] ] 0 0 a
12, May 23 aeration 2 1] 0.5 0.6 0.2
25, May 21 aeration 0.9 0 0 ] 0
22, June 25 aeration 0.2 5.3 —0.1 0 —0.3
6, July 25 aeration 1.3 1.6 0.4 1.5 1.0
20, July 26 3-4 mg/1 0.7 1.4-5.5 1.3 4.9 0-1.3
4, Aug 30 3-4 mg/l 0-2.5 5.8-8.7 5.7-10  5.0-7.7 0
24, Aug. 27 3-4 mg/l 5.3 2 4.5-10 5.9 0
8, Sep. 27 3-4mg/l 0.7 8.6 2.3 5.8 3.8
21, Sep. 23 aeration —-0.3 0 —0.2 —-0.4 0
5, Oct. 20 aeration 0 0 —0.3 0 —0.2
1, Nov. 15 aeration -0.1 0 0 - —-0.1
7. Dec. 10 aeration ~0.1 0 1] 0 0
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ARy BHERA RGO LT, BRI SOEERCY v OB L 5 NEATT » F 64
BIBET-bDTHS, T, ERFLOBHCRETZOOEEBRTFI-SVTRREL, X
—EREOHEBBICRLBRL TV LEAChIERMITE AboEBEOSHEEYHL
PR LT 36K, BB F A Rl - TEROBEREEY, a7 —BURBETY v
HEET RS, WTEFTOEEY L3,

D BHEAoDOBECL-T, HLRCEHL T 2ERLLEWOMBIRER -1, Fi,
E Lk NOAN HFEETRE vTho DO £8 F e RREBRTHREIh S, PO,-P
OWTiE, 200C RUF30C R BB Lk DO BE & PO,-P BU#EECHRYRLY, (K
9.

2 FERITEDEREI T, NH-N £5#E (pgN/g dry sediment-d) SEEORIR
FH S LA (8011,

3) HRMERT, =2 ) BHEE»SOBRS Y VOBRBCRETHRY, SRLEHELT
BHGEEE TR Ly NHN 1290 Tk, 20°C T 20~25 mg/m?+d, 26°C C 45 mg/m?+d, 29°C
TS mg/m*-d Eitofs, PO-P 2w Tid, 20C T=R2 Y 0 BHRSGENBED LRIt »
fehy, 26°C B0X29°C T, 1~2mg/m?+d O BHLIEESEN D - 12,

4 BEAOZMHSL L, MFEKbo NH,-N 3, EHCEREBECEBECKD, 21
AR L1z, NO-N i3, 2~FHC 3 TERRBT CHRIEI R, TOMoi, ikt
AYBHE R, o7, POP W, E~HoWbiond, ERERFCEBELLY, K—K
AT S PO, PREZSEIBRKE Lo, TOMDOEEIL LA 0.2mg/I1LLTT
Bty

5) NH,-N OFEHEEL, B 68~134 mg/m?d L BAMEETL, HobEMHcrTH
P LA, ZEicit, NO-N OH%HEED, NH-N OBHEEY L@ -7, PO-P OEHEE
i3, 6 A T b 9 AEIICH T, 1~10mg/m?-d DEMB &t -7, TOMDBEHL, PO,-P
OBEEAGEALRD DR o1,

2

By HEHAECBMEh T ERE 27 - 2BRLTCT I »h2@RlE /- 7ORRRADH «
IR R L, 1981 FEBORET K, (ARAWERROMARERNK EERIIBES 4 v
vEZ) ORI st ERRETELLE, C i BERYRLET, ¥, o b EL{0R
BOMTBAL TR TV AMBHRTRIC LB HBLRT 2B TH Y T, Rt
AXDaA Y A DEECOWTORER, SfEEIEREA EYRES L OoXREHRO—
BThHb,
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10. EE,HN ) niFHEE

Physico-chemical Mechanism of Phosphorus
Release from the Mud Sediment in Lake Kasumigaura

MAREK - KB B
FRMISFEA? - 7)1

Takayoshi KAWAI', Akira OTSUK!!, Morthiro AIZAKI?
and Masataka NISHIKAWA?

Abstract

A study was made of the physico-chemical mechanism of phosphorus release from
the mud sediment of Lake Kasumigaura, one of the hypereutrophic lakes in Japan. In
addition to the composition of mud sediment, and seasonal change in the vertically
continuous oxidation-reduction potential in the mud layer, temporal and vertical
changes in concentration of constituents in the interstitial water were measured.
Phosphorus and manganese were accumulated in the surface layer and decresed
downwards. Phosphorus content of the mud decreased in going from the estuarine
area (2-3 mg-P/g-dry mud) to the central area (1 mg-P/g-dry mud). The thickness
of the oxidized layer in the winter should increase linearly with the logalithum of time
if the mud were homogeneous, but the slope became steeper in the deeper layer, which
means that amount of oxgen consuming including organisms decreased with depth. In
each series of interstitial water samples at the same point during the same period of
about a week, phosphorus increased linearly with iron, z';s known. Many other
elements such as K, Mg, Ca, Si, Mn were also ohserved to change with iron concent-
ration, but not always linearly. It was thus predicted that phosphorus is fixed not only
in the oxidized layer but also in reduced, anaerobic layer, eventhough its chemical
potential is higher.

In the laborat?ry, dissolution of constituents was examined on the time course of
reducing mud-lake water mixtures to determine the role of silicate and carbon dioxide.
ORP and pH wer : also measured. Ferrous iron is deposited by silicate at a higher pH,
and carbon dioxide acts as an acid to dissolve those elements in the anaercbic mud

1. EXAEHRR GFUSHESD T 305 Sk BAE R mrer ) 16 % 2
Chemistry and Physics Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. ENIAEBREN AHLERSE T 05 RRRENIE SN/ 16E 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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layer. When no carbon dioxide was generated, hardly any dissolution occurs even
under anaerobic conditions. Fixation of phosphate in the anaerobic mud was con-
firmed by this experiment.

Based on the above results and certain observations, ferric shutter model (Fig. 11
in text) was proposed as the phosphorus release mechanism from the mud for all
SEASONS.

1. L ®IC

WEOERFIZZ, —BCSEDY VAERINTWHZ 06, EXRE{LMECEEL T,
ChooV voEl, ROV THEVEILSAbLRTE R, 1970 FRICA » TEXRELRED
FR®BE: LTDY v, EFicwT 55HEL #ETL, Vollenweider’® Schindler?#t, EiEd:H
OV vOERIEE TG ERERLEEL S OWREF CoMBICIL VA TET 5,
FHELL ZADY VHABRRCRET ATV AT, FEOBNER T, HYNEDH
) yOBUAERINTEL, Khharbb?, BrloL ) CERBELLLHTL, ¥R
DRFREBYAEL, WEREYEH L, BEEIH0 ) vOBRE V- EIRE S0,
BEEQRAD—RIIEGTHS 2 LARERIY,

ERFO Y wAREGELED, ffEbhiy-Dns, e Lizh, Lo, FORIEEDN,,
FhEn IS L THAORYHLACTLUENES,

Biedo v o ERICOWTIE, KBTEFOREFERLHESS - T OBIRCIIHE - T
V) VOB TR ENT VA EABREBE LM IR T o, Jhud, BEEAEERS Lo,
MET L, BEROPEGOERICHOVCTOERTS -k, BMBOERRMMEL, #AAT
BEVEET L E0DRET HRBOBHTH L0, REEHOEENIWEIATIE, K
fehn v vit, BERZEBL THATCHET I LTI TERLTRG-LOTHE, KADKILE
<, BoOFEBEIHESATS vt ) vitREOMBENED 5T, Blicagr B
AR oL H5THD, UL, BEPTEBRHEERO Y voRBYIREL T S80H
Bob, toBRCr»HLBEEIEMELLOCLE ¥ BT 2L,

CORETIE, SETOMEASERYST L0, BHESEKCcEA Y SuWii—oRRY R
AT BTN

2. Eile#aRk

EREROSHE, )V VOKERVHEES YL ETEETH D, REOMBCHIE i
Y v BRBET A S REB IS E S A Thhi®, Bibgk (ID KB Lt e BF S hicy
VOB E - THRIHERS L VI BRIABESR L -0 b, BUFEEOE » 743
=0 AT DY ‘/@E]f':-?il:t% ESCA % i\ CHRITE L 85 918 & HEr L 7-®, ESCA o JlIiEE
EML, % 1IORLA, |
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* 1 BEEBoOTALI =94, ¥A4H B VUVOETHE (A=)

Table 1 Atomic ratio of some elements in the mud of L. Kasumigaura measured

with ESCA
depth(em)
element -1 45 8-9
St 1 5i 1 1 1
Al 0.62 0.66 0.66
Fe 0.19 0.21 0.22
P 0.03 .03 0.02
St 3 Si 1 1 1
Al 0.32 0.40 .42
Fe 0.11 0.13 0.17
P 0.02 0.01 0.01
St. 9 Si 1 1 1
Al 0.30 0.33 0.34
Fe p.12 0.12 0.09
P 0.02 0.01 0.01

by H. Seyama and M. Soma

UED k5 EROEROHT, VORBREYHEE T L THEELERh 2 0¥ BE
LTHBE

Q) Erfce ERYDY v ESREOFHEENL, £V v EREOBRRUTTHLH LS,

(2) HESMATR, Ve~V VEEREBERY T T, FELESHYT5L8bhs
BoEBREEIFE T (AL,

3) ERh0 U &R, W tANELE CaE< C~3mgP/g-dry mud), #OE T
Zht bV (~1mgP/gdry mud), RFE-BREFREMLEBAE2->THES (AL Wi
AT5Y VOSSR FENBEXTATRIGOERCUB L TV L E2TRBRL T3,

4) HEMFEEOEY, WHOABEBOY v, £V vED 2/5~1/5 kb, IohEIR O
BTEGY, 200 &Y YARLABEB LS, HREERDOTCE- ), BESER
LB TEAREEEL T S EHTRET 5,

(5) EEFED P/AL P/FelbizglRbonrii b LBy fREdynT, BEERTEX
th P/Fe i, REERBOLIITGX 5 THLH, BTz,

6) EREROIFRERL 24k LT, B0oBRLETCES ) v O« BE1Y v ORE Y
FRLTBE 5L HLEFWELILVE,

(7)) EROSKEIL0%~70%T, Mo s HnfHIc@E <, BB TE,
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HrBERRAOERAR Y VT, MAkFORFRERH - OMCYAB L Tas s
EED ) v &8 =2.5mgP/g-dry mud, 5 LEHTEERL Y v =30%, EROEKE=80%, BX
O HHEEER=30 H, Xi#=2m, HXF0) vOEAXBHERE=0.4ppm, £ LT, =Dl 50
HTEEL, toH 30 EM-OEXHET 20035, ChicbBh) Y2 TNTERAHD
BHTENL 4oL, #1505 AMEFEAHL TH B3 mg/md, FOH% 26.7mg/m*d %
HHELET, LhbRMCEHRT S OXRT, TXNTKbER I TR b, T
thh, HRBEDELF|IZETCINERDY vARETHD, 80 BMICEE T2 ) YR, B
2.5g/m*T, KEOEB Icm CETABHTEL ) vOB 0% e b,

B> OOBEHABEETHD LFEMT5BRY NG, £BEFEEHCHT2HER 0% L
B, h¥, ERGTD) V&80, BL LB TERT LIS, ERFDV vOfE
KBS BEL LWL L Th, 02RO IRBESALE LA 5, FARRYDOH BEELEILE
EEBTREI-TWLI b 5L¥TELD L, BETHLRTV-2EROGHBE»SL Y v m
REYFMTL002, BETL20EFETHOLBEECHL L Bbhi,

B BOFITRERL, VY ROELOMOTROFAREBLEELEL G ) v ORB A E LT
L bICHBTHD, ,

RECREELLCY 73, BOR~L L5 CRENch, REDETHLE IR OHE
SHTHHKPABHLLTWRETCSED, B3 THBRERP~OBEOTERLL EbHE
T, VvoRBREXENL, EE»L0) vOBREYH2 2881555,

3. BMbERT R

EROB{LETEAIZ,

(DOABINERIAH—TH L &

(=)#FET RABLRORT, HEOBTBELIE 100, FTHRBO T ¥ iz » KB

FHELIZL0855Z L, flid, Mn*2 MnOQ,+2e- & 4%0,+2e <2 20H

(~)EBR "ThBEFIELLAVCAEER O #AV5E D Lo T A EEHRHE

MEOLH I L - TRBEHELNEL D, fild, $REBIBECH/IY A + v OoF i
LV A EEBERIC b INET S,
(FIBLICEOHEREN D7, BRIV ALEERYHEE I (F), RIRNESEEY
HEETLOIRE L,
hbEOBHT, BEEONEYHREITI0a# LY,

Livl, ERFOHEHEHEOR EEE Y v ik, BIESUDKBLOHIECES S hot
HEIMOBUD~DOETA - TIEFCERILINDOT, ) VOB - BUFRE LT 5 £
TRIBECRFO—2TH D,

Bri#oERE T $EETHELBMERTEMIZ, KB LLOBLETH300~360 mV vs
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NHE f2CH D, BHEomEB T, £T+100mY, ET0mV vs NHE i1 CH 29 RE#:
EDEKBTIE—200 mV vs NHE 60 F CTF 455, EROBAKMEBTE, Sr#tLxedn
B, LAL, MEFEKcEeTy 7o d, BiEoBoEE a8 »Hmts s, Sy
WOERFTTE—100 mV L ETCTHLZ L0 h, BERFOFEGOERIEIE v L
AR N, ¥h, BHOTEES S L CEELMET Y KOBRERET, By A + v HBA
ORFCEELHBEL R L TRV ERRLT WS,

EREOBETERIL

FRIERERCHATL: LR 2N BHEERRYORE
(~OELEWRFPOBTFRERE L #16

(MRECEB T OMICH > MEHORERYIMTEOEL
PEERL LT, ERRBOBHFBFEATRE T, EOIMEL - THE-TWHL5THD,
BFAVTRY D LB, Ma(V), FellD7 EXEBYIMOLDOBFEEE @IF) L LT
Avbens, '
RICETBMOFHEE S D L, BrEERAD St T, 12 FPHEE CEDE
S S M B A RERBRNO RN MAEREE TRT 5. Tok, ER‘b~oBEOR
EHNRED, BUUBHAE kT, B{tBEOH AL, B¥O0IATFAETHERKA Jem 0
ET5%

thEE, BUCBOE R BERIT
(FOERPOMBEMRE CAEY LAY, MDD, Fe(lDi &) o&HE

DMK POBRERE

(KBOFEA X BB HREOE(L

(WERDSKE (i porosity') OFEELC & 5 IBEROE L
FRI-THREDLDEBLRE, &, KT, ThbLPT_NTH—-Nii—FThsLEEL, B
LERTOMEERI\BHETE2LL0ETD L, BALBORTCHET BRI, FiHle:
SELy ThbbREBOEIOBE AT 2, CORFBER L, 3L LMLBEOHINE
BEThHodrb

(ax/88) y=k (& (0:)/0x) =k*Dx [DO)/x

x BLBOES, k! EH, (DO): ¥4k DO, D: ERHOBEOIMEHK
e, BaT3E, Bt CRI5BIBOEIIRARTESILD,
x>, =A log (+4,)
fo | BRLIB 2 T X R 05X
B 1, BIEROECOREITRA~DHEGIEYORERED 7 5 7 icBh i TEEA TR OF
SXRHONEBCH LTI ey P LAcbDTH S, (1979F12A60 » H1980F3/27H %
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Thickness (cm)
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M 1 EEBMUEECRMZEWL Gt D
Fig. 1 Temporal expansion of oxidized mud layer
Thickness should increase linearly vs. log (time) if the mud were homogeneous, but

the slope got steeper in deeper layer. This means that amount of oxygen consumer
including organisms decreases downwards. {Dec. 6, 1979-Mar. 23, 1980

T, St.1D. @1k, (), (VIDOEE, (R), (WMIHIKXKEVWTEZTLTWL, BILETE
MOFALHRL, FTE»OORCHHOMKEAC L 5BILBER~OMBASH L Z EXRLT
WaHY, ChOBALED T, (FoEPrEIRBRLTVWA 0L BEbhS, ERTOEER
EXHTHS Fe (1), Mn (1), HEHTEEHVEVTHLIEBREL T8 L1~
HThH,

BB AERT, BUB RSO L BB CoBENEZ 25, chit) v,
=iy, () ORBREEIVERINIELEBRETHS Y,

BrfEEAD St.1HETHE, F0FrH#R IS oREARoOR{bns®E:, 128W
HETKETTHZ &0, TOROBLBOMAEEOAR I LL AL UREIALY, 0
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Fé* 4 20H+ SI(OH),—— FeSiOy(s)
1

phosphate accumulated

layer SI(OH),— §i0,(s) + H20

Fo + SIIOH),+ 2HCO;— FeSIOals) + 2C0,+ H,0

buffering layer

M 11 ERsbHoy v EHOSHEEE
Fig. 11 Ferric shutter mechanism of phosphorus release control on the surface of
mud layer
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IOLSLT, BE, REETLEHMAFOBRTFRES) v AoEML, BEIRESRTLS -
FIBEFRERY) v AH L0, UEETIHEYKE BEHEE S -1, Kodoy v
EHTRETLE 2RI IR A 7H I DEHE AL Y T 2D L LTORET
BB EAEFRARBLT TR e REBSLLTESTEDRbOTB2 T E4,
THEMICITERTL{ BRI, .
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WA EREAE OB Y BE I ¥ VEECE THRAMZHR T L8 TE i, Byl
OARBIN Y EHRTHEINZ S LAMFEINhL, L2L, 4%, coxFLr0EEEOE

easily decomposable organic compounds
{in late spring,summer,early fall) 1

oxidation
photosynthesis @ (02)
Ca?*(Mg2*,Sr2%) + 2HCOQ, T Ca{Mg, Sr}C0O; + H,COy
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i (810, -nH,0),=H,SI0, : | Fe(Mn}SIiO, + OH™ + yCO,
lessolved SI‘J
oxidation reduction
{in earl { Ing &
dlaioms dissolution @ wlnrt:r) :a’r?; :?xrnmer)

crustacean — frustule Si0, (s, amorphous) + (AHOH);"Si0, ),

| {Fe,0,)o-(SI0,)q - rH,0 -{adsorbed PO,—P}
@ Interstintial water @ summer mud @winter mud
M 12 ERboV v OEHELEE

Fig. 12 Dissolution and fixation of phosphate in the upper mud layer

Main state changes from winter to summer
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1. KOEVEBZRETER, HFHT 5
FEEORBILOVT

The Effects of Nutrient Release from Sediments

on the Formation of Water Blooms

FIEXIE® « Ak

Mitsumasa OKADA' and Ryuichi SUDQ!

Abstract

Simulation on the formation of water blooms dominated by Microcystis (blue-green
algae) was carried out using a mathematical model for vertical migration, phosphorus
uptake, and growth of algal colonies in a water column with the coexistence of non-
migrating algae. Phosphorus from both the inflow of water and sediment release was
considered.

The numerical solutions of the model were in agreement qualiatively with obser-
vations reported on Microcystis behavior in eutrophic lakes. Phosphorus release from
sediments did not enhance the growth of Micrecystis nor that of the non-migrating
algae in case of an abundant inflow of phosphorus. When there was no phosphorus
inflow, phosphorus release from sediments enhanced only the growth of Microcystis
without significant stimulation of the growth of the non-migrating algae. Daily
vertical mixing from 12 : 00 to 17 : 00 in the upper layer of the water column had little
effect on the dominancy of Microcystis over the non-migrating algae.

1. Bz

Hi, BEREBRMAAESTLAMETLELERET 2 Rk0F, BREORYE, KEOEROET
EH DT, KEHBELIZLY, R S4BCsF 2288 rKE -, 20X 5ko
WY, Anabaena flos-aguae, Microcystis aevuginasa 15, FELTT7 v 7 FV#HD S
VEHETADL D LG TS (Fogg, 1975 ; Okino, 1973),

TIve b VvEEICIAKOFEIFEOAERCEEL, < P REET 5, 0B
Y ULBEORE ML ER Ly, LA, BERETH AREFENL, HhoXE

1. BuaEidl KALERER T 305 WREAKESAMET/NEF 16 % 2
Water and Soil Environment Division, the Nationa! Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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oo - B (A AIEETRABEL CE b EE LR T3 (Fogg, 1975),

7 vEBEOMBRIFET A AR, XARERICL hREioth, FLEERRLZ
& rES TV 5 (Walsby, 1972), # AROBEES L < 3BEC L 2T hofms L G,
AT TEREOREBE Y 2RI, MBOREC LY, KOESAERLAIHERLICD T
B EEmbERTVv5AA, JOHRKFIEHOBEBEICHRT WS b AZ v (Walsby, 1972 ;
Walsby & Klemer, 1974 ; Reynolds, 1973 ; Reynolds & Rogers, 1976), )z Okino (1973)
% Reynolds (1973) i M. aeruginosa DRAENEE LR/ CELL, KEREWC-7» PR
CEETHS, TheBRTHsERYEEL V-5, $i, KAERCFELURREL ERO X
5 BEBEIYEHEREEY, AEACBELLAFE Lo RELOBRTVH, TDLOR
AKFERTD~ » FERCET2ERNIREL, TLEHTHS, AFRTHHEAEY 2V 3
vEWHSFEERRAVToDOART LTS,

B, e o 2 10, v —va v EABEFALED, HELOERENL
BT AR HME SN TV, LLisdh, BEROMEY FRCELEL TV 3 = - 2
v, Pz I TREEOEMHBERBYER LIc> 2 v — v s ViTEHTA L (Middlebrooks ef al,
1973 ; Scavia, 1980 ; Bierman, 1976), #Hw RKOFEORLED & > hBEEGOBE Y, ERFERR
UHEREREEY IR ST X T iav—yavTad I LA KROFEFELOFHC
BOTHOLFRLEAY,

KEEZ< » P EBRT 2076, KOEEREHOEEBE L, ThiBELELLLD
CEBELREY RTINS DD, BEBB YT CLICL), BEOEIALRE LM,
KEE, FEEBEOTHhIEC>WTHLBABH Y THRVERLRLS, REBHYTSER
it, FBECBELLRBRCHEAT D EFLTPBRACIRDAAR, KEREICEELIE2IC
VYT TR BT AWERSE S LE L LR TV (Fogg, 1975),

KOEDRECHT 5 HBREEE LTit, U, S% KE Lo SriE s
ha, Loty vadRicksbo llELL, 36Kk, BAEBE, Vv ORYEALZR
R & O« OEER Y AVTC, BbEAECET 2 KOEOSFUBRCHR ML, Mo
BB ThiVEBEEEETIC kT, KoEREZRETERNLSENTS ) vOoBEYHS
Mz Lt (Aiba ef af, 1982),

2. BRETL

2.1 EFLOMBIE

BB 31t B Microcystis DEROBGAY, Z TR 56 EORLLIREER (t=0 ¥HOH
theiE L, (HB ((=1~56) OFGYERTLRBERI, X. Z, Vi, P, C, R, RUF,
TCH5H, | HAORK (LIREEG 7/ &\ 5) DR, XoMmTEL, REELLEVLEDL
B, A% E LT, BEOHE(L(HE=5:00, A®=1900, EFE k2RSSR
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KOEO SR RETER»LBET o EEE00S

E=80klx), ¥ vORAEE, ER»LOBE, RUKEOEERSGNERE LI,
2LICRSHL, ARAPLETE CEBCFEL, FBCHILREYER L, REE
L, YU fs, (k=1~8) THD, ¥ S, (k=1~8) RE[/EBTL Y vREYET,

ZhBOIREENER USRI RRY Microcystis L E LT LBEH I DL, (X
BE) 1R, AR RT, KErLORHEERL T\5%, ok, ARGEEOXE,
P HEEEERAYSE L TER L7 (Walshy, 1972 ; Reynolds, 1973 ; Lehman & Jost,
1971 ; Okada ef al., 1982 ; Aiba ef al., 1983),

7ea 7w o BEE BE ¥ARE BESFETLIRS, BEORE, L MERN
Vv BEREDTERE (dC/dt dP/dt, dVi/dt, —dZ/di, dX/df, dfs/df) P @ EF A
Lkt Tun, ¥, LZ ShEDL S, filAORE LU BN LEs+ZTER
bH oA, ELLOBEH (B D 2 Microcystis DRHERY BT HERBOABRFEELEL TV
Ho BHRORE, HHLEHEY, KHAORELL>TVAMOEROBEKTHE - L mL T
By A, Qo bl & CLOBEHTAL, dP/dt wHBEELS,

Microcystis L RRRIC, BRERBOMAL [ &+ REOBETHLEEELE BREOLBHOR
By, WEIRRR O EECIR b B B0 Microcystis & Rir A, To i Microcwstis, BSBOmE &
LT, KENLOKDTHICH > THRICHTW L dD L,

Microcystis® KR TOBE, ) v ORGARCET 28 « DBF(LAR L FOER(LIZOVTIL

dC = dx dfs
dat II[E: dt fs du

(Y
=

Ls

}
<
=
-
L
’
g

X
o K o
-
iy

veriical migration nutrients

® 1 Ko (Microcystis) © = 1 = LV — o a ViV 7 L HERE
Fig. 1 Schematic diagram of state and contral variables to be used in simulation of
the water bloom (Microcystis)
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BESITHE » 7o (Okada of af., 1982 ; Aiba ¢t af, 1983 ; Okada & Aiba ef af., 1983a, 1983b), V
v DHLDAZ DT, Microcystis S BEEEY RRRLRIEED & Lic, Microcystis L 550
BEr i v-r TARSHERE T 360 KkT) RE1ITELE,

%1 viav—vavEFLOSRRROTELRSHERE

Table 1 System equations and adjunct equations used for the simulation model

System of differential equations (360 dimentional . i =1, 56 k=1, 8)

%: p ,-X.-*(fZQ )X Q-1
Wiz xi-Fow, 24
%: _2g(pc—p;;a' VIR 3 600 (3-1)
Vi— Vi, :
%i: *(—f?'g for ViZ Vi ‘ (4-7)
or
=2 for Vi< Vg,
%%:aU%H—PJQm1KPr4hJ (5-0)
d?(;zd’(Cmax_Ci)_'yICi (671)
dYy _ (Yya— Yo (Y, =Y
dt - Des— gt Daen =y Ry
Yy . 80,Yer  80sY,
B i by VI @
deﬁ ( Wt-H _ WA-) ( Wk—.l _ Wa)
at Dz ey DT )

) QW SUku—l_ 8v, W, .
_Zmln+ —Znn —me+Q&kY* 8-k

@_ (SHL’SJ:) (Sn-t_Sk)
R T S LA L E WS

_L_S___;QS_*__ 8Q in_ -
e T T B Zo oY (9-4)
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# 1
Table 1

KOEOEFC RIETER,»SEHT 5 EREOER

(->3%)
(continued)

Adjunct equations (i=1,56 . k=1, 8)

Qo= mC.l, for L;<(af+b)/m (10~
or
=(ad+ &) C; for Lz(ab+b)/m
P,
V= me.,(l—j A& PP (11~-9)
0
56 8 i
I.-:Inexp(* glc';‘,',,'X,-C;_jglE ,-,,-Y,--l—n Z,) (12*2)
Ei,_,‘:0 fOI‘ Z,gz_,
=m for Z.<Z
£ ;‘,j:O for Z‘é]Z-nm/S
=m for Z,<jZnn/8
0 =D .
Ig=[oexp(— Elé ,i.ng'Cf_ ‘§1 m K+ n TZ mln) (13—1)
& ni=m for Z,>(k—1)Z 0/8
={ for Z=(k—1)Zmn/8
— S ls.max_ZS .
QE_K;‘*‘S(QM-F QSEKq+f&max_f;’) (14-4,E)
— smax — fse
QES st'mﬂqus-%-fs'm“x—f;c
Samex =1 {furf)
I j;_f;-min (15*!,}2)

K =p +gl+1* Kot fo— fomin

22M =

AEYiav—vavTHWo s s -2 -~ABREF—THD, s -HoMH BECET
SEANACET VB Anabaena flos-aquae DF — 2 R BT, TANTODAT 4 — & —
fBvx, Microcystis aeruginosa %% LT 5 EHEREOWERA,»LBHRTLB,

BeOFXFE, By WTRE LI Microostis DKOEOBERR A BE LTS5, 25, 35, 45,
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55, 65 RU'T5 ym H{REL 7o BEFOFEI =0 RV TRLS SFE (ERB (—0.5m)
DER (-7.5m) ¥TlmEB2 9% CHFEL, TOoBREEBSHYEIIETIOELE, LA
Mo TE 56 ORI HDREER X E T 5B ETHMB DD Microcystis BEDESOREELELIL
oz Eicie s,

EETAORNEYBL - E3ELAACATETH S5, RungeKutta-Gill Bz & 5 $iflisR
%Rtz (HITAC M-150, BUAERRMETFEE v 2 —), HrER» LEHT 2 ¥ EH
HoBBYH LTS, B2 TRT I B A& THNRIDYiav—va vEiTs
oo Tods, vialb—wavilii2sBELE,

* 2 KOEDY = Vv—v v (BERID Wlvi 74 -5 —HF
Table 2 Values of parameters taken in simulation runs of a water bloom
{sensitivity analysis)

Simulation to find the effect of Values used in simulation®
Y, (r=0 1.0, 2.5, 5.0, 10.0
St 0.0, 0.3
Pea .0, 5.0, 10.0. 20.0
Qox 1.0, 2.0 (times of @, value for Microcvstis)
e 1.0, 2.0 (times of u value for Microcystis)
s 0.0, 0.1, 0.5
mixing none, 12 :00-17 . 00

* Values underlined were used throughout simulation runs except for otherwise
noted.  For the control run, al) of the underlined values were used.

3 BReEE

3.1 Microcystis O EHEBE)

S6EORED 5 b 12 A REFE L TEOREBHORT (L2 ko — 4 (52 B
PRLIEOPRZ TH B, PIAHEREELREBD YT IS, BREERE & b kEmicE
By a@mbnli, #cXEhBER380RWTHEEBEL, 38T 1 BIlAERCR L,
foks, B ERET 588, BECEREAXEZ B LI VBEGNBICELL, BERESH VR
b, oz vt e —nPADY o v —w s v ThHREREERE L L 572,

oL 5 ieBEE, EFEIAT » TROBREERLL, Tiobh, KREML RSN
FSuote b X0 HMBEEE R, BB Ll 2 LT EUETH -1, LirL, B3
CRT L5, £RE0KERCKTHTFHERER, RE—FOoNEEAY TR,

81k 313 B Microcystis DR BOBEBRE I HX R 4 07T, 2REBE (Microcystis +
Baf) MEVBE (H4a), BREEY T TKBEIEE #—2.0m) fHETH -1, Microcystis
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.
s TIMENDAY
"o 10.0 20,0
a IARAREREASEREAREEEEEE] T TTTITTIT T TTITTIOTT llmll TTRT T RFP T I T
E% -
2
'r. - -
n | RUN s-818 L
&
@
S T T o T T T u\.. T TR
L L L
LB ARERERARARRRRRRRAY) WU\””[ TTRTTRT TR THTT (T T
TYTITTTTY T T T I TSI e T v T T T ITTITr LT IUII TTRTTRTTRTTRTT T ATY
L L

H 2 £HGoTEBRB(L—-TF . Z:(=0)=-0.5—-2.5—4.5 —6.5m, &T—
. R,=15, 35, 55, 75 um)

Fig. 2 Oscillation of Z, as affected by the change in initial conditions and colony
radius ; from top to bottom : Z; (=0 =—0.5, —2.5, —4.5, —6.5m, from left
to right : R;=15, 35, 55, 75 pm

S| RUN 5-818  AVE. CONCN.
el

> ol

- 1 1 1 1 I3 1 H L L 1 1 ] H 1 1 1 L 1 1 1 1 1 [ 1
o 10.0 20.0
TIME: DAY

B 3 Microcystis D2 FEDRE O CKERHBRE, X=log(ZX,;/(—Znu))
Fig. 3 Growth curve of the assemblage of Microcystis (water column :;verage concen-
tration of colonies, X =log (3 X./(~Zmni)) )

OREO—FIAEEHCRAATORIL R, UL, £RARES ENTLLE, K4
R XS EHIBeRETD Microcwtis WEELABEARDLRE X Tiesl, Tihbb, F
B AR A ERL, FROONEYEIE L, BHERRESZL (HEILIBE,

B EAEOBENKRICERL, ARy TREihote (RARET), LELOWThOBED,
£ 2 OBREIIAAMOBEH YR LI, HEL, A—ER0HG&TH, RERESR VR EEE
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a)

b}

K 4 BAPVBEO Microcystis DBEBEBRESHFOEAL (K (—8.0m) B
BLBAREYAEL LECHEBREYBRRTRT, RERIB LD,
REDPRRTTE (0.00) RET 5,0

Fig. 4 Vertical profiles of the concentration of Microcystis vs. t (without mixing).
Relative concentration based on maximum concentration in water column
{Zwn=—0.8m) for each time is shown by darkness in the figure. Higher
concentration corresponds to darker print and a band between broken lines
shows the time span of one day
a) (upper) Jower total algal concentration
by (lower) higher total algal concentration

BEO@mBA NI R AEANRED BRI,

Microcystis L HXDEDRELELE » T, BIC A LE LB I AHKORER
BEHEIDENMONT D, 2015 TWMKOBEH D DBE D Microcystis OFEEBEH 4
FROKTT, B B 12:00~17 00O 5 EEELA, v i 2 v —>a VORI
BrfcoRllE B —HLTV2, Thbb, BAHMPIH—TH35, FOENGEIZER
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KOEDERCEETER» bBHT 2 REHOHS

o o L S
I

B 5 B& (0~—0.4m, 12:00~17 : 00) XABED Microcystis BE DEHE
5y i

Fig. 5 Vertical profile of the concentration of Micracystis vs. t (with mixing between
the surface and —4.0 m and daily from 1200 to 1700},
See the legend of Figure 4 except that relative concentrations here are based
on maximum concentration in the water column at the end of a simulation run.

L, HORAPEE B8 CRAlTd) i, KEERCERL I,

Microcystis DBEEBBICEIL Ti3, BEic\ < o0D#iE 2% 5 (Okino, 1973 ; Reynolds, 1973 ;
Reynolds & Rogers, 19763, L#:L, X, BE, BE&RE SBEREZORERM4/LTL
LR ER TGV, S HMAD L L hdh, B—OREOERIC o TLEOBES BB TH
Bicwh, BoHmbico Ty, Lo TARRT—o0BEL I R TBEI L L &,
RS AR THER OGN 446 L LT 1 BRHOBE ¥ T L1 2 L OF 8 iIHG
TEiho7l,

CDXHREAEETFAORIENHECHL D Lk, BT LA ZOETADOEPRYBRETSHD
Tidiv, ERHCRIOETF ARSI ARAER LR —F|TH, =7 TTFHIR:
FEBESAOELLIEHOE % — Vi, TR BB THRBCBE B IR T D, T2, Microcystis
DBk I HEREE P 0.1~0.2 TH 5 5 b Reynolds (1973) o#E (80.1dD &
BRLTWA, YROZ LMD, KEFALHEOHBCLAHL, KOEORELTHT IO
REETHL, LHL, REFLAKOEOREEELIRFNL A 7 = X L0BRCIBFYTH
A9,

32 BRyLBEHTEY -OER
R SEHT5 ) w A SRR () o5 2 28y 6 RUK 7R, AEdbilAT

By v HBELBE R, B, LEHTS ) VB (P RMicrocystis B PO T RO
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YR /%Hj% (Psed) 75;; M é:SF'_
WHATE) vRBECE L E
Z
Fig. 6 g and average available phospho-

rus concentration as affected by
release rates of phosphorus from
sediments Pi.s with abundant phos-
phorus inflow from outside (2.4 X
1072 gP-m2.d™ ")
(O, ®) Microcystis aeruginosa ; (A,
A reference algae ; (0, m) avail-
able phosphorus concentration.
Open symbols Y, (t=0)=2.5g-
m~?; closed ; Y, ({=0)=10.0g-m™’

x10
5 40.05
o
/O E
4 10.04 @
o
3 0.03 ©
ral
]
2 0.02'F
<L
14 40.01
OLH L : "
o] 5 10 20
Psed , m@/mi/day
B 7 #AZFErboy wHASTRVES,
Pseuﬁ; M &Wﬂﬂﬂiﬂﬁﬁ U /EE
b 2 DR
Fig. 7 pu and average available phospho-

rus concentration as affected by
release rates of phosphorus from
sediments Fi., without phosphorus
inflow from outside. Refer to the
legend of Figure 6 for symbols

LA afce LvL, MLV Y vORYALRCET 2 ZEERE R SE, Microcystis ©
WTRLB LML LoD b ddbF, Microcystis 0 p A REREERTR LI, HED » DEL,
Y, (1=0) SAZVBE, ThbbeBRRENAR <, Kb sT s RMEORSIE L LB
SHEETh -, BRPEOUBEE (v)% 0L L Th Z0BBIELL A -1,

NN ED ) VORARDPNEGCEE, Pl Microcystis @ g L4, UL, RTECE
TIHWBEED o R hTRRLAE L 2 OBE IS Microcystis © u B8
IBKRTH T, 8, PeaW 0 TH o Th o OEF0 LS ZVD, (=0T 1.0%D Y v 2 H
BHEEALTVLEEELCLDHTHY, F0I Y 2AVCTHEBLAZ Eofa®T s,

BAEOpH P DM ~TERR BN LIt ok 2 ik, BERELLHITD Y v,
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BEEIC L T Microoystis OBF 1R E BBICEDCHA IRy oo ERT . BmPEIL,
FLELUTHAC L TSI RA Y v AFIBL TS 202 85 500, BEBE®TS Microcystis
OIS RERG, WMAT YL, BETAV v LFETESLHEEENDE, F12, Y. (=0
P 2.5g/mOE L, 10.0g/m*OBE LA BT 5 &, Microcystis © y ODEIRFEOTHE
WEEL T/ B, Tiebb, Microgstis DHARSFEL D LBEEBESRCTLBFCHETE
HEE2 L9,

HEoXE3L-Th, VoA TIREN R, MBKRT LR, Vit
SRS SR ARG, FEONIUHE (S15um) BEKEL p ¥R, B AE
BIEE N E T o, MEHACLZ Y YORBHEEIELBE, PEREED p 0LANE
FL,35 umBEORESRRD ¢ ¥RLI, V v ORRYAZEE(Q) b EHEEALYTL .
Tighh, HEPbO ) vORBHAKEVCHE, PEREFRE QKR {, ER»LOHED
AITIED ERE S Tp oty M LOREENR L, BRY LDV v OFHE S 10 mgP-m=2.d?,
5 mgPem~?d-1DBRE, FAFH 45 um~55 ym, 55 xm~75 gm OFED QOBRAELY T L1,
LEDisT, Affsnsn ) vOofEAb{iny, ER»OLEHRTSY vOFERIKEh
Elenr s, REARGRY VORI ARCELU TN LBECESEI VAT s L E1 L
5, s, EEBEIL 5 5 L 5 5, Microcystis AR GEHT SV VAR CF
AL, #hac T2 EcEELABEAYEL LTS EV L LS,

o OfEE, KEHFBEERAQ2 1 0~17 0003 TH RENEBEY T -1, HoD v i 2
= YRBEYERVGTR T LR &S CIThR, BELEVBELERLT, RSED
p e bR L BEOBBII bThThaote, T LTHAREI LD ) v OHAD L
&, ERASEHTZ U vk Microcystis DEFHICOLEM T4 LHEI N,

4. B ®

1) Microcystis @Y vE bR, BRI FOEBEYTATS > i av—vavETAxERL,
ENEMCIEEORIBR - FEL o RER LB,

2) Kes+ sy voLARRCRL, BEEALENRTD ) v AKEAHEYLHLBE, K
Teir &0V vt Microcystis DR BET 22, o BEBB Y THEVEE 77 v 2 + v O
RTINS G SRR, KEOERERES VS - Th 12 00~17 . 00 BEORHET
W, Microcystis OSSR wt+5 0@ S RET LS00 -1,
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e : P inflow and outside. Refer to the legend of
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1 =kEERBE, kix
ks, ko, Fos =EH
Ls =y vARE (=Q-Sy), gom **h™!
mom, m" =E¥H
» =EH
P =fFaDE, kN-m™
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V fruns =V, DKM, %
w =BEDCHDL Y v BE (=fY), gom?
X =Microcystis OFHEORE, gom?
Y “WPWORE, gom
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Znin =Z OB, KE, m
a a, By =EMN
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BEUY - niER

Carbon and Phosphorus Flow in the Ecosystem of Takahamairi

Bay of Lake Kasumigaura

TEEZ - BT « HRRECK!

Masayuki YASUNO!, Morihiro AIZAKI? and Toshic IWAKUMA!

Abstract

The large amount of phoshorus inflow from rivers as much as 19.7 mgP m=2d*
resulted in a high primary production in Takahamairi Bay in the summer. Particu-
larly, the heavy bloom of Microcysiis which is characteristic in this lake affects the
structure of the ecosystem. Microcystis highly exceeded the rest of algae in both the
standing crop (9 gC m™2) and productivity (2.3 gC m=2d"). Colonies of this alga were
not edible for zooplankton while the production of nannoplankton was not high so as
to support the zooplankton population. Therefore, detritus, which was a large pool of
organic matter, might be the main food source for zooplankton. The standing crop of
zooplankton in this bay was 1.3 gC m™* which was much higher than any other lakes,
even though the proportion to the phytoplankton biomass was small. They regen-
erated rapidly both carbon and phosphorus.  The sedimentation was seasonal ; it was
correlated with the primary production in most seasons but was much less during the
bloom of Microcystis. The sedimentation rate at the end of the bloom become more
than 1 gC m~*d~" and hence the total sedimentatioh y~' attained approximately one
third of the primary produciton. The preduction of zoobenthos, accordingly, in-
creased in the autumn and winter. The presence of large quantities of dissolved
organic carbon (19.4 gC m™) and detrital carbon (9.8 gC m %) in the summer was
characteristic in this shallow, eutrophic lake. The estimated standing crop of benthic
fish in Takahamairi bay in the summer was 0.31 gC m™? and the carbon flux from prey
animals to fish was computed based on the ration of them,

The amount of phosphorus inflow from rivers and fish culture was enough to
explain the large amount of the total phosphorus in the bay during the summer, if the

1. BxAEWER S£HEEE T 305 HEEAENS mmer | ¥ 16 %2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibharaki 305, Japan.

2. BirAEURFE KELARRES T 305 FRERKEE BEET ) 1652
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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phytoplankton continued to reproduce. However, the presence of reactive phosphorus
as much as 100 mg m™? in lake water in the same season suggested the release of
phospherus in bulk from sediment. Approximately 3 mg m™2d~' of phosphorus was
released when the oxygen conceniration decreased and furthermore, temporal releases
of maximum 30 mgP m™d"' from the surface of sediments could be assumed.
However, the sources of the phospherus were not the sediment but the erganic matter
produced during the season, which was degraded at the surface laver of the sediment.
The sedimentation rate of phosphorus amounted 12.2 mgP m~*d~', approximately 9
mgP m~2d™" of which accumulated in the summer despite of the releases of phospherus
from the deposited detritus. The flow through chironomids was negligibie during the
summer but increased in the winter. However, the outflow of phosphorus by the
emergence of chironomids was not significant during the summer. The regeneration
rate of phosphorus by zooplankton was estimated to be 6.2 mgP m~2d~! in the summer
which was most important in the phosphorus cycle.

1. L

By MEBRAOEBRE O\ T 1977 FLUEF R/ T LT E A, L OEEC-OV TR ECE
EL (ZE-AH, 1981), BMOERELY) vORAZEOEME YL TEL LA Z &0
b, AICHECTARRBEYERT D L) vOBFR Y ROBEEDD S I ROBREK
BFTEE T o, L LBRERSHEORIC SV TRFRLAR+STHE It ot, $18
rOEEE LT, Ece) volgink 2L POAP 48T 52 L3S bR, CRHS,
1981, T E ZEBET LI O50, LB E 00 MEBE LTEIA TV, Ltk
T, A& 3 FEMOFELHRRE L, B LTI2ALOMATES Y v TEDOEL
EVVERENLLLON, BHAEGIER»LOY yOREAEETCHLIONPELMCTET
ETH T,

b —oOREL LTREI ATV b, BrRosBRUBCEFRERNEVI I LA
FEBFOUELRLTVT, ~REEYDOS  PHECLET S 2 Epb, KEBHN - OERE
ROMEBERIC S TEELRES B > T DD TR EGS 2 L Thot, ZOMERS
LT, VUVOBFEELTORAI DY, BEHIRIATL-IREORK AL LHBMCT D A
EWEEEYRET SBECIRARTHLOT, ABRETHEBRNOREZEOTA YT Y v D
hdmaTHs &t 5, IOBEIFRBREBOTLHTH), EEEUAOSZDH 2
F—sDBE, HOECURBEFDAL TCOARFEELEL FL YA TV LY BHEEL TS
Tily

BNERBLL T L —REEOHNE & SCAEBRBMOLEOBINAESRD 2 Eia
F A OB LT LERICE - THREN T 5 (Parsons ef al., 1972 ; LeBrasseur & Kennedy,
1972 : Barraclough & Robinson, 1972), B EHOEIERBEOET L I L ANREL S
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ZEbHERANTV-S (Murray, 1979 ; Wiederholm & Eriksson, 1979 ; Warwick, 1980), — @
Lo RAEREOF L HEORA, LEATREL D HCIBRT L - LA TEDbITTHD
N, REOCHRCBL TRENEWRAL G, 7 V4 v ¥ (Saunders, 1972), = v v A
(Wetzel ef al., 1972), Fih# (Mori & Yamamoto, 1975), = » < = # (Riemann ef al., 1982)
e ENRP IR FITH D, Serruya ef al. (1980) ¥ v F v F MK B A RROMALEHTL
T B8, Peridinium @7 /0 — 2 OF AR OF L& GRS MAKAEL D E 4L, 8By
HOBSELECT vEO7 - AR ERIRLBAKTLEREMWTHY, ¥ 5 v + §0 Peridiniun
OBEFHUECRBTSERs S L Bbh S,

2. RENER

SRANOPBEORASIAEIAT oA, B0 A & GRTO A ESSEENER
DREXRELERAOC—HTIIREELBEZ LT3 (B, 1981 ; Tsuchiva & Iwaki, 1983),
LAaLBRALEEELL LB T v v vOREBEC L ZENATES TCH L, —REEIND
TEZBhERECH L - TEGER g v, FR/T 1982 £E4: B 1983 iz 750 gC m™2%
DHLEOIVELIDLOH00gCmPTH D, Fio L HEHHNH D (ERL, 1984), ¥ic
Closterium % Oscillatorig D KOEHNBLUAOFHEETLLLOFOLEERST, FEBELE
T2 ELEELMRTHDH (@R, 1984, HO 7 vEOKDEYT L TIRENLFCE
WTh, ZOWMOEERILIBP URASLALHMOF TCLBVEEROW L BT %5 (Westlake,
19800, M 1 REMHORBEALBRIC BT IRBOFNERL T 5, BIKFORBORFERLE
FHEEERIT 1977, 1978 DEEORIEC X - T\ 5 (BEMAHEWEFHRESE, $£6%5),
BEHomn 77 v 2 v OBRFE (1981, 19824) OF#H111.2gCm*T, XERTEEE A
BRFEEL29gCm™ A THDL, FOSL N um DA » v a THBEINEF v P TS5 b v
DHEEERUVEERTIeCm 2L 2.3gCm™ A EET 2 (@R, 1980, cOZLiF» b7
SV FVOREAEEESHL T A 2 BBAOEREAHLONTH TS5 v r P vOEERE
BTGB ERTHRLTGE, RLZ s VA vt $D Peridinium OBECIHEZT LT
55, ThTh, £ECKTLIROBEEOLEOFIE Y (Serruya ef af, 1980), 742D
fBESHOPEL L Watanabe (1980) wE SV THEREORFS L E W% THLEHEELL, &
HIIBHEEREE (DOC) 07—t A, ZOWMarEEFNE LTREEC-OLNERTS
By CHIEKLTF L VA ARFE(TT V7 b VEBRWGEEREERES, POC) it DOC o#E
GTHLBFREORERLGERLTHL, TA I 07V v AHICBTILEEEL POCOL
EHERALBIERLCTHE7DOC OREFEDHTE 7 VA v AFILEWTEIDF Y &
ARFEEDOCHRED 7 — A L LTRERR R FEHARLLTHT, BB 7 v 7 ¥ ~OFih
REELLIVEF LY 2 AMLOKRKELEERT S (Saunders, 1972),
BrEcRCTLEEEEORV- 72 = 28B%H 77 v 7 v VHABENRT L bdvbion LT
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5 & (TERALE, 1984), 20 pem LT NROBEHOLERECHH T 7 v 2 b v~OEEERE
0.28eCm3d 'R Editd o b TERG, LEMNRSTT NI 2 ARFENLEHTF 2 b
DA (EEEL) bRV EEZLRE, BHT TV 2 P v OBETEbN S RERGEED
60%THhHh (LR, KRR, Biol~5 1 voBRCKWTEY TS v 7 F voRBIC L A8
R —REEYERLTVAHTHA D S LERL T b, & 2 CREARDFEILE & SR
LEERBAHTEL, BEELEAS TR T I L B REEICE STl Ep
BECEELTWLTHSY,

ME~DDOC L7+ 2 ARENLLOFHNIERCHZ 2 LR TRV OTHEHETH S F
Wit 1 pm UTORBEOR Y v HTOBRNER (BHS, 1980)1»bRHTV-5, MEOCHTR
BED S OMERL X1 ml~tTH 5, HEF-E (1981 © 1980 FF0 7 — & FEi i (1975)
- TREBIKBE LY, TH Y2 ArDHMEYEL TOREOHEBILIFROHEEDO KRR
Eds7ves=7hRERGHEE, REBER)LECHEE L, EMLEFBRIT0.73gCm™*d™" & 0.36
gCmd' v, ERTOBENRL I RE L REOBBEE 1gCm™d™' (KH, RER ©
REEsT s EAG, BEREAMECTH L2, TOFEALIERTOMEAOHFRLEL LN D,
ULinLED 7 v A v XEOMEC L5 R E RROMEET 245 mgCm—d ™' & 174 mgC m~*d™!
THVBrHOBEITNINLECFRETHLDIL, —REENSZLnbYREEbh
LD U EBRRTEL LBy MO L ) HERBERCE T DOC & POC DRED 7 —A-2K
Xuva, ZORGEETE - TuWERIEE S, LEXSTER 7S v 2 v EEICL S
FIRABATHAS L5 D ERBEAICHERI ATV, EBICF -2 #BBL L5 E, M
BILhiBm77 2 b Vit aREDHAAELIIRERER -, REOWRICE VT
DWFHEETH Y SEROPEFXLEL LTV 5,

WREEIIR 1 T 198240 6 A D 8 A TORMMERFE - T 5, 2 DRSO BRI —&
EERO WRBETH D FCBTHURARYRIRHOBFED 5\ RS LHNS D,
L LEOHBREEREXARC TS L, 1982F0BA6HL TR REEORP LI-EZD ]
A, 2HERU & 5By, 9 RS LB IRER ML, SRAFRET2.8gCmd!
CETA (BES, 1984), COZ LB 77 v 7 F v OBRBOREYREBELTWT, FO4r
AEBIFRBEBRLYTV2E, BEO7 430l bMEOBRAT 6 As 8 A & il
AHE T EPEEL TV (Takamura & Yasuno, 1984), KoFEOFTRG i —wEENED
BELLCHHT T2 VTRV A AL TKBEHETS, LrLEg S5 v 2 P VL
78, SACRAOEERYTTI LML POC L LTHAKPEHE > T34 034012 TTChH
2, BORP Y HLRC T THEEEYBEIE (220, BRELTF 228Dy
FAOEIE bR . EREBICHELAT LI =AY »OBFERIED 0.5gC m22 b (10—12
B) ©1.7gC m™AcfEmL, FEELED 0.01gC m2d 5 0.05gC m™2d'K, ELIT 4
Avary) p0EBRHOIANHIE ¥ T BARIRT 3gC m™?, F{EE20.23gC m~d
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Fig. 1 Carbon flow among components of the ecosystem of Takahamairi Bay in Lake Kasmigaura during

the summer

Numerals in boxes or circles refer to standing crops (gC m=2) and along allows the transfer rates (g€ m~

0.031

365

2

d™ 1. IC : inorganic carbon ; DOC : disselved organic carbon ; Detrital C : particulate organic carbon other

than phytoplankton carbon ; a
swimming species which must be feeding on zooplankton

: The standing crop of fish component does not include that of free—
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BT D, CAED, 1980, 4 HHAZOHHETL —REERH 1gCmd'd Y, FEEEDEL
0.5gCmd e TR THL I tbbT7THav2A) hOEEYFT 25 LAHEESEYHITH
5, FECHEVCDRLYERTII KD, TOBYHOARERO L S EREL L EBR
R HL BB LELRAE 7 v~ — 2 0= A7 A H(Iénasson, 1972) LA ¥V AD= » 7 L —
~1 v (Charles et al., 1974) i Th =2 U 7 OAEERIEVD, LHEIRERLT, —KkE
BEOBVECHKORHCERL T3, LEA-TEr MO LI ESY L LasERETs
nFECTIEE IR TV (Iwakuma & Yasuno, 1984),

RO B L EEED OBV EA - b ONE{ R Eh Tk, FEAlpLSNT5 2
ENRBEOERICECTHETH -7, BED (1984) 375 v RU s en 74 A 5EBHLEL
AN GREFIL, B3 3gmAd S FEFBYHBER O IMFTH -1, Z0REALIL
FIHShit WHORRTH D LELAL L, FEERYONER 0. UgCmd- 'Ot b B L
BHEYEIETIOLNEGEIR TV B .E25XTHD, BB, Bhd5 L5 CER
LDV YOBHARI s TWRETHEF P I AR LERLIE b3 Tho, ERER Scm i
(1365 gC mEDRELFHEL T 5, EEROUREE T 1 FMIZi# 360 gC m™25 5 500 gC m™*
CETS, .

BrfofBo4sERIRER L LTER lha Y hBET 468 kg wFT 5 (BIHEBBREER
FEHERFE, 1983), REIhZEEOE(L L AEROHMY, ERE(LOMHET L 12 1965 4
B R ETCAZ LR LIELEEEIRTVE, ULALEBROHEFESAERIC VTR s
AREF =2 Mgt PES (1984) BBy HOELARCHLT, WESIAZBIZL »T—
FRICb s TREROBEY Tt BAEITIH TEECISgm aCEL, F0IREALIR
FHEHATETH I, TOMOERHE 1A 4 AL TOENLCHFCLIAGTOEMNYEITIRE
T2egm BB TH -2, LOBREDOARIT F P EFF 7L -ThB bR, H0bE
T TORT Ve~ oFT ) N ECATWE, cOBERESELGRIZHTITD
B L > Tovie ) BB 5 11T\ B, & hoi RER I BT 5 & RO ¥ 0,31 gC mT
Hh, cORBERRLF e, ~FEouvTL#HKL TV AEGERS IV EE, &
DT A, THFEEPBREAEALRCIENLAFOREBEOBTREII D 2E21H D\
AR Db RRE LB LRD, AT PR EMBIEE 8000 t(RITH BE R T
HEHERERRD, 1983) »odBLTL o CRLATV SEOHICT S,

MBS Q974 B A LEAREORECOVWTHEANL, 77 = CRFEMERBLT=2A Y A
LA yFT hEELRHHYSEOED S L ARBFPEL AT AL, S+ 7 L BAeTLELT
FH2EERERLTHDLI Lot RELBELLECHBR T 7 v 2 L v 2~ EOHRE
fa, 13 ARECKEL TG, oBEHOCEE L, Iwakuma & Yasuro (1983) wld=
ANV AAREELEBEOFF I EFFH = OBREENS, BT vy, AFFT
E4L@Hornthol BEhofaRiitA L, BERCEHAERTBMIHERELR
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(1983 &, 12 AFL T (ENEERATERERERS, 1961 RERCHRELL, I
17 : DHEFRL Toda ef al. (1983) 2L 3,
HlicirdbhirBryrHOoBEAOREOHICETDOC &5 F v 2 AREHNEVT LT
BELAbot, CHIEHOKARTHAH, MOFEMIIEOEI TS iy, Licdis
TR E? 1gCmd Rz 2BELWRFOT U #F ARFE 7 —ADE2WT D &y,
EEBYE A7 QRSB Mo lmT 5 2 L ARC#HEZIh TV 5(K
Bk, 1981), cHETAVHT AT FH 2, FFFLINBEREIRDII L LV-AHE
Hohb Tl ot, FREABHL AT LEEFROSE VA 1 L ANRRIELRD
HOPRTOEEIE - EVSESE (MNED, 1984 BBy #HOEBR BN T2 L CREEE
o ETH ot ’

CREFTORRIAERETARELTTbh T2 End, Z0x b EHETEL
DA, BEECET AR kT, BrRoB0 &S ERMO RER X IBP O
D MGBWOEEBBEEOMRENETHE (Mori & Yamamoto, 1975) L (T2
ERERBEGC ETH B, - T

3. ) roER , ; o

m%(ﬁﬁ-kﬁ,wm)mxmf&KUvaﬁﬁﬁ%%Ltﬁ;)vogﬁéﬁmwbmﬁ
MOBEYRET S LAREE LTREATVR,

BrEaRACEHe ) vEBRYR 2SR, V rOBRAOEEAEITEI, WEI, R
NEBIC L > TV TEHIC L 2 EBhE hRE iy, LA LECEHHOR- 3Tl ad
DEFEHPEATH Y, BERACKSCTLEH1.3mgP m2d'D) 4, a1 OEsLEHREIND,
IOBENILD, )V VEBELCERCHBZAL  Ebns (HES, 1984 Ll Ela R
BMOThh TV A KBEOKRTO ) vEREVEVCENLEBTI LD S5 LIS, Bk
AAD Y v O 20 mgP m Ao UG, BIBEREEC L ) £ 0BE S - T 1978 FiiE
< 4.9mgP m 3T 1979 FiL 8.4 mgP m2dChH - (K 2)., 1980 FiLFr e 6.7 mgP
m2d G, CoOFEYECTSEH 13 meP mid 0 ) AR CREREACERL TV R
ek,

COFRALTL DY vOuis ) DM HAECIBRCRI»A TR, BEDOY v H 5\ TR
Fo#Ft )2 2C8Thd ) vELTHKPRERSRD I LIFEECHL L BN S (THD,
1984), FH o DEBHC LAY AL LERYERTHE, SRACEHO2) YORFE (500
mgP m225 1000 mgP m™) #FHATH - L HTCED (S, 1983), Lo L ZONHOBE
Boy v (POP EDOP) 77 v 7t v I YR LEELAZEL DD, M2ZHBOEF
X 1978 MG 1982 E F TORMDOPHEARL Tk o, BF &S ROV vOHHPO-P LD
LELDOTHD, L2 10lmgP m2b DV v 2POPORTHEEL TV 3 LIIXERRL
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Phosphorus flow among components of the ecosystem of Takahamairi Bay in Lake Kasumigaura during the
summer

Numerals in boxes or circles refer to standing crops (mgP m™2) and along allows the transfer rates (mgP
m~*d™'). DOP : dissolved organic phosphorus ; Detrital P : particulate organic phosphorus other than
phytoplankton phosphorus ; a : The standing crop of fish component does not include that of free-swimming
species which must be feeding on zooplankton
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HETHS,

BRTERT LY vBiX, <Y FAD=22 Y HEonTIENEY (S, 1984), 87 5
V2 VDWW THRREOHEE»LER Y v OB >0BER (Satomi & Pomeroy, 1965)
PHCTHELBW 77 v 7 P VI L3875~ v RUF b ) 2 A0iE&RI2 28.3 mgP
midTEE B0 U v L LTOBREL 6. 2mgP mid EE, ZORERBEEYSAT
WAECOTHLARDFEML OV S3TEREL DS, #ikdhickids ) vBRCR-THY 75 v
7y OBRBSKEVD Lo b |ESSH D (Hargrave & Geen, 1968 ; Lehman, 1980 ; Ganf &
Blazka, 19743, ¥ #ick T BV YIERTIERFZREA TOT U # AD Y v O &E#E{L(Barica,
1974 D EwEET, Y757 v Oo4LbECEIELELALAEHE - TV 5 EELLR
5

BEADHAETHLHRAYBLERNEDL (1980 0BER L ARFATORRICE ST 5,
AW FT I HEETIRASMBOEHEEL I D AE - CRER KM, 1980, ZoONMEIIRED
HREAL LD CRIFETHD EELLRE,

BUAD Y v OBEBELELLLR2ITRER 0L A2 EHLA D Lt (EF-AH,
1981) DADLRERBELEOIANAKEL RAEL I EhLMRTH S,

L 22 ) AOBMCLE Y v ORA~OBTE, i34 0.8 mgP m2d- TR & 18 m
FTE5AImgPmid R B AV EELAS, N2 TRER»HOBEHIZ3.2mgP m™3d' & L
TUBA, JhiCG—RNRBEYEA TV, RELEAKRERTOPOPRROGD LS
BT hUTEELTLE S 2, LAOHEBBOBXXELLNLTHSL, RAfLEKL Y ~
DEEEBENAETI2.2mgP m2dThD, 2O LERMN I 2mgP m2A L TD kB X
% 9mgP mid'RERPCEE I h A ek d,

By HOBRAD 1977-1983F0£ ) vOBEBYLD L, BERCE ML, 1984),
COSMe ) vEOEMYHET A nCE, BERNLOBHEYERTILENS ST,

K3« PO P ORE2FOBESH* T HABEEHPCERTEL L5 2 03805, FAL LS
TERIFHETHLER5R T3 (Ohtake ef @l, 1982), PO,-P ORI L FHOSBPEMG L L
CTREOBEL S L X2 100meP mOPTRICTH D, V Y OEBIKOVTLFET L0
H5HL 5B 2%, Ohtake ef af. (1982) 114V vicowTh AFEOEAYED V50, By
MWOBERCDISKBEREN TEL L biddil, " E¥ALTLBCRALEEOHE
TR T,

POAP 0 HE R RITE S Z LRBECBRE S h T, BRIGEV-E 2D D5
HLTVAZ ERERSSOBHYTETHLOTH L, b HAAREIL X 5 PO,-P OE b AL
DEBERVCEVOIC LSS EEbLND, FLBKbOF Y 2 ACERLALOLEFLT)
HED) VOBEHRATDOL SRS AY L TCAHEVIBELEFEETE R, BEREFEXKBD Y
YOG L ABERENT, BCEREICPO-PAS-Z E2 BB L7 (MR A, 1984),
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Fig. 3 Depth-time isopleths of PO,-P concentration {mg m™*) at Station 4 mn Lake
Kasumigatra during 1978-1980

SO EEEIERO TEINLSHELEN S EBE LD LY bKPHL ) VOHERECE
HTHDET2HHEBLET Etx, BEROEKBE CWEET S PO P ki b
LEWEN Vb Td, M3 - THCERY N T2 voihsibb L2THT2 b
DTHD, BERYS LY VHEHRTA LI BEIHA2, TOBRER2-I2ACHIHER
DEBERENEL 22X - T B (Flz i Larsen of al, 1981), MR - Z#E (1984) (1ER
B EAKODOM28mg ' HITFTHhiudy v+ s 2 4B T3 B HoBED DO A
Qicir bl nETh, MBI ARECERDLAL I b, Z ORI vOBHR EE
LIJREBAAE VBT S POPL-EMS TS v 2 b v REOEWYELTT P U F A L1k
L, MBLTERER Gom) THORESETLLORB LAY TREVNEELDRL, BER
AORLEERKNEEZLIAD PO-P—HH 752 + v—F + ¥ # 2> DOP - PO,-P D%
TOEELNG - T BHoE £ v & PO-POBER ORI L > THRE > T3
EELMD, FTr Y gABRDY YRBIRAZGS, A2F 0 7HLGTTOESE AN LT DOP
~ADFNSEKELEELLRD, EHEDOP BT AR ) 7+ A7 ¥ £ —EIL L HEE{LA LR
LTuwb FEx LA, Kobayashi ef af (1982) MEECE WO K2 TEOERXHE L
Tuwb, —OREBEL» CREOREYHTT A LITERVWY, MbhBUVWdo LBbhb,
man (1984) BEFrMOKRE,SO ) YOBBOBBYIREL LY, EETERE»LDY VO
BB EAFEZ D 27 E Le L ERERTC RSV TRECHBH T 2 £425E8 - Tw
5o b ABELTD, b LEFBEA—RRCET LABE, 30mgP md ' E8ED Y YO
HARRETH D L LT VA, F o OKEC S AREEKRIC X 2% T 18-23 mgP m*d ' D&
HAERIL T 0 (BT AERER, 1984), ShHATS ) v 2RECICETL ) v h
5 LhERT L, —~HRECREDERFOFHEAER 0cm ¥ CRRATIOEHNLT, ¥
VIBEXTREASRGCERLRISGC b (BB S, 1984 0 AL, 1984), U v OEEND
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