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Dynamies of phosphorus and dissolve(! inorganic nitrogen
in highly eutrophic lake water of Takahamairi Bay,

Lake Kasumigaura

Akira OTSUKI! Takayoshi KAWAI'and Morihiro AIZAKI®
y .

Abstract

Dynamics of phosphorus and dissolved inorganic nitrogen in hyper-eutrophic
lake water of Takahamairi Bay, Lake Kasumigaura, was described from the view-point
of seasonal changes of nutrient conccntrat1ons during September, 1977 to Aug;ﬁst,
1980. .
With increase in total inorganic nitrogen (more than 0.5mg/l1), major component
became nitrate-nitrogen during autumn to late spring, whereas during early summer
to early-autumn ammonium-nitrogen was major component with decrease in total
.inorganic nitrogen (less than 0.5mg/1). During summer, total phosphorus standing
crop increased to three to ten-fold of that in winter period. This marked increase
in total phosphorus standing crop éorrcsponded to blue-green algal bloom (domi-
nant species, Microcystis). With the disappearance of nitrate-nitrogen during the same
period, reactive phosphate appeared at 0.05 to 0.25mg/l, but increase in other algae was
not observed in spite of the presence of ammonium-nitrogen from 0.0t to 0.05mg/l.
Such pheno.menon suggested that there might be allelopathic interaction between blue-
green algae and other algae, and the further growth of Micrecystis was limited for the
lack of supply of nitrate. These blue-green d]gd.] blooms were observed to be related to
water temperature during summer.

The in situ bottle experiments using '*N-nitrate demonstrated that - Microcystis
colonies preferentially uptake nitrate-nitrogen in spite of the presence of ammonium-
nitrogen at the same levels.

1. BMAERRRERT O HMTRWEE 305 IR B AR &t ERET BTN L6 2
* Chemistry and Physics Division, The National Institute for Environmental Studies; Yatabe-machi, Tsukuba,
Ibaraki 305, Japan
g EZAEMEN KETEREE T305 KW BT A o [ ABET B 165 2
Water and Soil Environmental Division, The National Institute for Environmental Studles Y atabe-machi,
Tsukuba, . Ibaraki 305, Japan. )
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Table I A typical example of fractionation of dissolved total phosphorus*

Dissolved total phosphorus

. . : 8 i ndensed rgani
- Sampling date ~ Sampling site gﬁéi‘égﬁf digeglgn** ph%i;;t;‘{: p?ng Sghggg phgs;g)ﬁmatg
U] @ (1) 1y — ({m (I — (1)
20, Sept., 1978 Station 1 0.028 (0.145)*** 0.022_ 0.006 0.006 0.016
Station 2 0.049 (0,382) 0.043 0.013 0.006 0.030
Station 2’ 0.047 (0.298) -0.043 0. 017 0.004 0.026
25, Apr., 1979 Station 1 0.029 (0.288) 0.025 0.006 0.006 0.019
Station 2 0.023 (0.208) 0,022 0.004 0.001 0.018
Station 3 0.018 (0.140) 0.017 0.002> 0.001 0.017
Station 4 0.019(0.121) 0.017 0.003 0.002 0.014
Lake center 0,014 (0.100) 0.014 0.002> 0 0.014

*  Unit: mg/l, sampling depth: 0.5m.

** UV digestion: organic phosphate + reactive phosphate (Armsirong et al, 1966).

#+* (¥ total phosphorus.

(g/m?)

Standing crop, TP

e,
R

»:5t 2

1977 i 1978

1979

W14 IR AMKF g BT E?ﬂ AL
Fig.14 Seasonal changes of total phosphorus standing crops in Takahamairi
Bay of Lake Kasumigaura
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Fig.15 Seasonal change of total inorganic nitrogen concentration in surface

layer at St-1
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THALE Microcystis W & B DALMY & BB L &R REE ORI X56DEH 51
SR THKADEFEFHICRNNALZRFOSMUIETICXD, EMHEEMETFTLLE L THERIIC
FTEIURESERINLEBEORE, Ah, BEE) YBFORBUBL KT ye=TH
REOWE, ROTHENE, FRESKEEFOSMEHENRCOBIOHLIERAOFHEREETLT
Wha,
BIBICEBOTRLALSC, £ YBEFZafllSLDSi— 2K - THNLENDICE bbb
S, TUEITEEABERAMELD AT~ LENLTE0, TANAERE
St—2 Il - THA LT dbo TOXIEKESER, BEMNLSOHBICE -THLI X
O, BLUAMES CDOERUET VT2 THERORBMEAECEARLTHWELEELOND, TD
BT, ENBRSIUMBESREFERIEBRUTTHL, L LREHY YRER0 1 mg/1H)
BEELTORCEEER SE, HREERFESE ~THIcEEHEIN L.
H2019BEBH2 ~ 40 DHTc A THEEIN - EHEBEEESROBE R MIICTe » b
Lt oTHE. CORNED SMES N2 BEHMESHOLREEI 11 4mg/m¥ BRHET 5,
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Fig. 20 Relationship between nitrite-nitrogen concentration and appearance
time of nifri}e during 2nd to 4th, ‘August, 1979

3 —3 EHICHT S Microcystis O XKINFE D F B

6~7ARHICLERERRBENRDOTICON, CABRMOKEMMEES, TATE,
S58ADKT, MBESEQNULUTRICHET S, SABHORMEOMT, 7TrE€=T EE
#5:0.02~0.05mg/ 1 BET b hhrbhod, KIEHY YHEY ¥43002~0 2mg/l #Kkhic
HAT 5. '

INLORELMRT I ADIC, CARELBOBREMICERER (Allelopathy ) ORIREM T %
OHE (AW S1979) TR L. B5, BMOBLEETHE Microcystis O XM IEIC L b Bisighe
mERHE SN, HEEBEREHRSECE, LrL, TYE=THEEERIFILVY YBAL >
BHFABEET AL HLT, CARUAORBIIREASEHLL: (3K, £, 1981). %
tﬁ&@%ﬁﬁéd%%ﬁﬁcatwﬁmmmﬁ5Hrwum(%%,m%,wwhcwxiwﬁ
Ratiod, TrETERSKEOFEAETT, Microcystis ORHBEZEOERNEYALIEL S
ENHRBAELH T 5L ERS -7

ORBATN T onicgE - B0 MBREEACTHBEF P ERE B0 -2

FORBELSEHIICTRT, THEAOMTHE Y TEa ¥y bo - gk~~~ EE - 155D
ATHAT Enbmd, CNRBT YETREEEOFEINRLALBGE, BREFE 1523
FRUEBFRDAATORCEER LTS, LT YE-THERLHEAMICROALDETSL,
Sfpt T e T HERBEOMINC L - TRBERE — 150K ASBEET T 5ETH B
BEe vIC B0 T HRIMN LA et —5RFICRTEA L TRDAATOR L EERL TV o
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Table 2 Preferential uptake of nitrate by Microcystis in the presence of ammonia
‘during summer bIoom in Takahamairi Bay

Conditions Isotope ratio of *’N,/**N, )
Light Dark
Control 0.003%942 «£ 0.000101 (n=6)
Condition I (added) L
CNOyN 0.5 mgfl . 0.0805 £0.0017, 0.0626 + 0.0017,
NH,-N 0 mg/l
PO, P 0.1 mgh 0=3) : (n=3)
Condition 11 . . . .
NO,-N  0.25 mg/l ' 0.0911 = 0.0045, 0.0296 2 0.0083,
NH,-N " 0.25mgl ) (n=3) - (‘n=3)

PO,-P 0.1 mg/l
Condition I11 )
BNG,-N 0.5 mg/l ~ 0.1011 £0.0023, 0.0662 = 0.0018,
NH,-N (.5 mg/ll =

PO,-P 0.1 mgfl . ™=3) . @=3)

* Sample was taken ina20 L dark bottle from surface layer at 5t-2, and kept at room temperature in the’ dark.
for about 16 hrs. .
Other conditions: sampling date 11 August, 1978, incubation time §:00-15:00 on 12 August,
water temperature 32,1°C, light 30,000 lux at water surface, chl-a 133 ugfl,
dissolved RP 0,041 mg/l,- NH,-N 0.021 mg/t, NO, + NO,-N nd.

TN SORRAY S0IC Microcystis i LA RMMERKORRNNG AL B OB AT LA T
EHIC, SIICHMREEEHIBICI - T EER LT 5, S

LOHBRETTH, HBREZRQIETIATT v &= T@%#mﬁmén %nmmnéin
L&m%xm<w(mm ¢&,w&)%®WM®—O&UC t/¢6%mﬁ&fmmmﬁ®m
BELBTEL TV b0 TH A, THEE 157 YE=T2C ORBRICBORLn -7 MH 219
%Lﬁ;5mmmﬁmﬁ@mt%%?ﬁgc&ﬂ%ﬁéhttmfazogégﬁmMmmwmﬂs
BB A RIRN IR DA T 2 OIMEE A TH 2, |

T~8ADMTEEATH LN E Microcystis 3 2o = k'&.b-cﬁigg LA ViR EIC }b:ra:bﬂ'c
% (mamura, 198D CD 0= QB4 4 ¥ THEA MV ) YEA A VA kb & 203 IC B
THCEMENS (Shapiro, 19731 Okino, 1973). 2O T &2, C@’)‘»’lﬁ%ﬁﬂi 2 A & v EWRE
THHEZHEO2EELONE, TAM, BA4 v ThH 3 T/-Ev—Tffﬁ/&I?fZ:’f?f/ﬁ{iié?-?ﬁ'é A
B MREEE A 4 ¥ R SN TR MG O FIT, T H 0 OEBEKS SR BFES I DA 2
IR DA 5 5 1 MBS S K S M L T oo = — o, rakmE o
%ﬁﬁﬁfﬁﬁfi?QﬁJﬁlif:Lfb\éc‘:#}‘i%n%q L, Microcystis pNETan= —& L THE
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4 E&H

Br#mEAEKGOT v, HERBESZIODER, NS SAREOREME hLK
BL-TOBTEBHESHICTE -,

CORBHEREMCET AKAEFTHECHBRL T C LN 0ELAL, TTICHMESHIAT
VB Y BEDL S THREET, KEHEBEL THANCERL TS 2058 50T 58 & HBE
TH b, ,

HEBIEHTLIKEODEZD-DIEECAMKOFELELTEL TOEREHERS G, FHEED
ME#EEEEHTEY, ~R, ' *EEOAWREHRBRL T EREBEFLE T LKA
RABH, OEEESECHSCE, AOHOFRTY Y2EHAMKRACRD ¢ 5 Al %
F-TRbEEITRMND D,

Bl R x #
ELGFEL - h BRI (1981), B S454 5 BF » HOWHH O . .J.J. ST AT RS, 22T, 63
' —87,
HRFFIL, K R SR WMEEGE. MR, FMRBES9) L B L oSEERoER, Eiros

Wﬁmﬁnmn.ﬁaa.l%—u4
Armstrong, F.A.J., P.M. Williams, and J.D.H. Strickland, (1966) : Photooxidation of Qrganic matier in sea
water by ultra-violet radiation, analytical and other applications. Nature, 211, 481-483.
Bengtsson, L. (1975) : Phosphorus release from a highly eutrophic lake sediment., Verh. Internai; Verein. N
Limnol., 19, 1107-1116.
Fallen, R.ID. and T.D. Brock, (1980) : Plankionic blue-green algae: production, sedimentation, and decomp-
osition in Lake Mendota, Wiscensin. Limnel. Oceanogr., 25, 72-88.
AW R HESFR(1979) D BROENC B0 ARG & L. AEOE 23, 2—8.
- Imamura, N. (1981) : Studies on the water blooms in Lake Kasumigaura., Verh. Internat. Verein. Limnol.
In press. '
SRET, ZHIEZ (1981) 8- WEEACST M7 7> 7 o oINS L R ROFRE L,
ElL A SR sEiaf o s, 522%, 123—148,
ERERTE, AMESFIL (1979) E s imIEAIIBIT B — J\i@@"?ﬁ“’%?ﬂ&Ziﬁf it 5 0. B EmE

Erifac i, £6%5, 136—154,
Iwakuma, T. and M. Yasuno, {1981) : Chironomid populations in highly eutrophic Lake Kasumigaura. Verh.

Internat. Verein. Limnol., In press. )
FBFH— (1981)  Fr HEEABRRBAIICSHA0M, (VYT 3, FHAAL OB RHEE & SRR~
nEE, ESENTARFEGE, #2225, 159—169



WASHK, RMOR, HIEFSFRL, FENIEES (1981) [ EEAIC B SEERMBUKOEER A b A0 ) DTE
fblz>0 T, ESLaFNEmmEgslyy, 5e2d, 23—43

Menzel, D.W. and N. Corwin, (1965) : The measurement of total phosphorus in sea water based on the libe-
ration of organically bound fraction by persulfate oxidation. Limnol. Oceanogr., 11, 280-282.

Murphy, J. and J.P. Riley (1962) : A modified single solution method for the determination of phosphate in
natural waters. Anal. Chem. Acta, 27, 31-36.

Okino, T. (1973) : Studies on the blocoming of MJ'cr.ocysris aeruginosa. Jap. 1. Bot,, 20, 381-402.

Okino, T. (1973} : Studies on the blooming of Microcystis aeruginosa. ). Fac. Sci., Shinshu Univ., 8 135-145,

KRR - HIBFSFDL - BIAMRRL (1979) S WY TRV ERS S RAT » Mo ER R LR E o, B
DEMTER WEEBEE 64, 95-103

JH 5L AHNGSFIL (1980) I EloHEBEACBE ) - BEOEE, HAETT - 7 b s, 27,
125—128. ’

Otsuki, A. (1978} : A reactivation solution for a copperized cadmium column in the automatic determination
of nitrate in natural waters. Apat. Chem. Acta, 99, 375-377. '

Otsuki, A., S. Kasuga and T. Kawai (1981) : Seasonal changes of the toal phosphorus standing crop in a
highly eutrophic lake : the importance of internal loading for shallow lake restoration. Verh. Internal,
Yerein. Limnol., In press.

Otsuki, A. and Y. Ino (1981) ; Simple method for the measurement of nitrogen and carbon isotope ratios by
the combination of elemental analyzer and quadrupole mass spectrometer. In preparation.

Reynolds, C.S. (1976) : Succession and vertical distribution of phytoplankton in response to thermal stratifi-
cation in a lowland mere, with special reference to nutrient availability, J. Ecol., 64, 529-551.

Shapiro, J. (1972} ; Blue-green algae: why they become dominant. Science, 179, 382-384.

Solorzano, L. {1969) : Determination of ammonia in natural waters by the phenol-hypochlorite method.
Limnol. Oceanogr. 14, 799-801.

Solorzano, L. and J.D.H. Sirickland, (1968} : Polyphosphate in seawater. Limnol, Oceanogr., 13, 515-518.

Stewart, W.D.P., M. Pemble and L. Al-Ugaily (1968) : Nitrogen and phosphorus sterage and utilization in
blue-green algae. Mitt. Internat. Verein. Limnol., 21, 224-247,

WAFIA » IFEIAE - BN RR - SRS - HrESNERR (1979) 1 AGHEERNIZ B1T A ) CEUEORIEIZRT 5 kg
BURET. KHTGRATR. 2, 237—243.



ERLHIERTIF e e 1225 (R—22—"81)
Res. Rep. Natl. Inst. Environ. Swd., No.22, 1981

EEACBUIERBBAOBRESR
: oA ORI C DT

TSR - SO R - AIERETLE - I !

Fluctuation of Components in Interstitial Water and
.Phosphorus Resolution in the Mud at Takahamairi Bay

in Lake Kasumigaura

Takayoshi KAWALI', Akira OTSUKI', Morihiro A1ZAKI"
and Masataka NISHIKAWA'

Abstract

In situ samplers were designed and constructed for centinuous static  sampling
of interstitial water and overlying water in Takahamairi Bay of Lake Kasumigaura.
Because of wide but shallow shape of the lake, the mud sediments are frequently
mixed with lake water by winds or trawling nets.

Reduction of each oxidizer with phosphate resolution in the mud layer were
sighted from the change of interstitial water composition as follows. ‘

Stage | Oxidizer Release * (P} Accumulation
|- 0, +NO, PO,-P adsorbed on Fe(]]]) H.P.
2 MnQ, PO,-P adsorb on Fe(1r) H.P.
org-P (?) dissolved in interstitial W,
3 Fe(lll) PO,-P dissolved in interstitial W.
4 — ——

H.P.: hydrolyzed precipitate
Release of phosphate into lake water from the mud layer seemed to be difficult in
Takahamairi Bay where DO in the lake water and oxidized layer of mud surface
scarecely disappear. [PO,-P]/[Fe] ratio in interstitial water changed among sampling
series of about a week period for each season, and between stations. The ratio at
St. I near esturine was less by one order than that at St. 3, the center of the bay.
Possibility of vertical water migration through mud surface without mixing were

also suggested.

1. Elrac s SHBEMTAE  TT305 Sl hUSti 8 & RISERT /| EF 1) 1638 2
Chemistey and Physics Division, The Mational Institute for Eavironmental Studies, Yatube-machi. Tiukubd
Ibaraki 305, Jupan. . '
2. EILoTeAr A LHERES T305 SIS EL 4 HERAT R0 167 2
Water and Soil Environmental Division. The National Institute for Environmental Studies. Yatabe-machi,
" Tsukuba, Ibaraki 305, Japan.
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BB L CERICER S N ) YA @A LT EICE IR S LR WA B C L ABL DA,
BSBRI Lo T Ay ) v REEEGE LTGRO Y v AEETH S EBbN b, ERET
IR U BB O (R T AR &, R RO AR | VAT 5, 2 2 FIHC Mn,
Fels SO SRAETEN, BOERORIM LR 3 KEBIOLE CRE SRS LTOR ALY
U ERRED ) it SN 3, (Syers et al., 1976, Theis et al., 1978) EROHIBE LGS
AEL L TERBCER ST ok dic Rt an, RBERCBENEBRING L
LA S B, B L b BRI R T 5 RSB ORI & BELICH - T
FIRICERT 5 & %A BN 5, BIICK 2HIKE BERE DRAMHEICES & 5 N TEHR
BOREALIEAE SN D THS S o A S, 1981) H5, FBEWOE&—REEEREIRTS
B NE S A DB AIC b BN KM OB R S, RECEANEBESAS. VALD
1 BAIC & 2 IR T O TR LA EIRICILI L F ) v AR 5 7 h 0 M B & LT AL 5,
A TEEADTEIE L BhNAREOEELEHT, ERASD Y ¥ o EREEFES 3 H
G EETRRI K A DR B LMK O S BB BRI 57T % 7 » TV B o

2 ﬁﬁmmﬁmkvﬁﬁ

BERS SO HOBBKDERZ 27+ T oh b ERCEOCHECL » TITH2HEH—K
MWTHZ. L LIOHEIERI 7OHRKD SMBKREORER £ Tickihnsy, REPE
HWE - TEFRES ALV CEICEDEAROHMRE R 2 0EPHZ, ELBD D LoD L&
@&f@ﬁﬁﬁof<5&ﬁw%5(Wma.ww)twﬁ*@@ﬁﬁwiﬂ%&ﬁ%&ﬁ%%w
6 U AR A3 082 e B » TRABUKIAIRERIR D R TR T 200883 L. Hid,
~ﬂK&KM®EE@%mu2ﬁ®ﬂ4ﬁV&ﬁATwamfgﬁé®&%%ﬁwawnﬁmgg
o

EMBENTRCOLSUMARKIBCEEINE, FLHKESDTEIJCEHO ¥ %
FEEICIEIRT A ik E LT &S o 47 (Mayer, 1976) »#EH 1 (Hesslein, 1976) 2 b
DEREXNTE. Lo LB FOBE THHEFESNTOIETH, FHREKETD
OWEFA A T THREEL P2 EBEENTED (Weiler, 1973) ERFTR S LCRRHEDL
PETHHI.

AENFREFROERERAKOHBREH L ESHNLCSEEORMRRERILT, HAED
BEREm-THALTS AKEMEBAKE LTRRT2BOY 77 —2HEHL, #RLL. (K1 R
UR2), B104 Y77 — @i ks, brHBART FANomEESE LA
ey BAEOET A XEABEAEL TOEEL NS T EThHABHBTEG, K 1IRLE
L5, HEOEFKEALD LicsnkBail, ¥BERBLAESOKESERE L2 BLR
LT, BEOEAKMIC S dEBLELEAETE S, (TREKORAZM CLDREELRIC

e

pd




DHTHB, ¥V OETMSERKEIESC EAMELT, BEF3~8 cm OFEX O
KAERRTE 345 KHAE LAy, EBORSBERICHDISE, X, EROBECHEL >T
FYTT BRACEATO CEOELBNEL +2 75 —(bIIBRED L 2 OERO HEL R
ROMALEORBLED 2700, —ERELLRRIMTT2ETHPINNT, J ¥
B BB D EEIMIC DT 3 H Lt MBERAATEREBOM LI A Ly 2 2K
FAHRBECEANL, HRUTKTHLTERE~FRY, BREELICHHTLE.

(a) LAk ' (b) BRAS
1 MEESF By R ol krh BT S 2 o o0 R EHE
i BT '

Fip. 1 Samplers for overlying water(a) and interstitial water(b) with unglazed
bacterial filter

M2ERLAEH Y773 -BR1IOY Y75 -0OEABRERN LA LT, B3 AA~DHEOE
WEHACEE, ¥V 77— DhAHALEHRS BV SICHEDT T A RAAE LTHERL
Foo WBEICHAA Ly 7 2AHFABY v E— ¥ FF2EH 0, BT 94 Xi2L05 p DFEHT
BLH, BRIBLTH. KECESINTCRBEABETCENTERL I F— iz y
YT —AEE HMBL, 70— b TARBIEDET I L. EOMDARRLIOY YT &
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Table 1. Detection limit of each element by [CP in this study

Element , Wa‘f‘(f:llrf‘l!)lg‘th " Det’c(tji;}ll)limit Element wav(e]:_| :il)lgﬂ’l Detefﬁi‘c}?)limit
Al 308.2 13 Mn 2576 438
As 193.6 . 1.0 . Mo 202.0 2.8
B 249.7 1.2 Na 589.0 6.0
Be 313.0 0.8 Ni 231.6 6.4
Ca 317.9 6.8 P 2136 30
Cd 228.8 1.2 Pb 220.3 44
Co 228.6 3.2 $b 271.5 8.0
Cr ' 267.7 40 Se 196.0 16
Cu 3249 1.2 8i 288.1 12
Fe 2599 1.8 Ti 3349 1.0
K 766.5 91 \ 292.4 1.4
Mg 279.5 0.2 Zn . 213.8 2.0
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Fig.3 Change in the concentrations of DTP, PO,P, Fe and Mn in interstitial
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Fig. 10 DTP{[]) and PO-P(() vs Fe in interstitial water
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Fig. 12 PO,-P vs Fe in interstitial -water. '80.8.12-~16(5t.3)
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%2 WA (POCPY/(Fe) WL
Table 2, Dissolved (POP)/(Fe) ratio in interstitial waters

Date . Station [PO,-P}/[Fe] ratio

*719.6--7 5.1 0,028
79.12 St 1 0.055
’80.4 St.1 0.026
'80.6-7 St 1 0.074
’80.8 St. 3 0.77
'80.10 St. 3 0.42
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Characteristics of Phosphorus Distribution in Sediments

of Lake Kasumigaura

Masaaki HOSOMI® and Ryuichi SUDQ'

Abstract

Sediment samples collected from Lake Kasumigaura and from twe rivers flowing
into the lake, the Sanno River and the Koise River were provided for the fractionation
of four phosphorus forms; aluminum-bound phosphorus (A 1-P), iron-bound phosphorus
{Fe-P), calcium-bound phosphorus (Ca-P) and organic phosphorus (O-P).

Total phosphorus (T-P) and Fe-P in surface sediments decreased gradually along
the direction of the lake current from the mouth of the Sanno River to the center of
Lake Kasumigaura. Al-P in surface sediments decreased markedly in the mouth of
river entertng Takahamairi Bay. All fractions of phosphorus in sediments of Takahama-
iri Bay decreased with depth and levelled off constant values in the depth of 15-20cm.
Among them the decreases of Fe-P were most significant.

Seasonal changes of T-P concentrations in sediments of St.1 and St.2' were hardly
observed, while Fe-P in the upper 2cm of sediment cores collected from St.1 decreased
a little during the peried from the spring to the early summer.

1. @Lsic
MBKRICEF 2R EBMEROGT, BERORTREHBELHTREVLOLEHSLTY
2, HICKOEDFHORE R, ER»OEHELARBENMEELTO L LEEEINTH S, £
REXRECHROEHS SAHNE, BEAOHEEERFCREMESCL-T, BAXERSZHIRELA
ELTh, BRMSERLLY) Yick-T, THLAZKEAESEONTLEIOLIRENE D,
( Larsen et af., 1979)
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YOAKEBLIURESH SN EZOFHBRIIC2TE~RE (R, 1981),

2 SHE
BAR 74 v 77—t hERAZFRL, 5B 2L em ZECild 2, chs
DERZBLAEE/RLEH, DTB~EY) YyOoficiiE L.

24y (LFT-P&3) @ #EM02—-04 g2@HE2ZCAL, 556CD<y TwFD
BT BMEET . Fof%. N HCl 50ml t22i2RoREzrayr 449 - 2%_BD~2
(AAF7 =2 Vi) ORBECET, 70978492 28— (1257, 04H) THRLEE
ottt KEKTIE0MICART v 755, oK INEKSB (HEAK THEBLT, 20
—BELDTROME V- TFVHERICID, EY YBREY ¥ (UTFPO—P &) &E
BLt. AMIK~ Yy 7 AFICL 2 IRATOMGOERED S, WAKE WUFLL(B)E0H)
Rt
sediment sample 0.3 - 0.5 g (as dry weight)

TH N Zom

shaking 30 min. at room temperature

centrifuge 8,000 rpm

precipitate supernatant
0.5 M NH,F {pH =8.2) 20ml

shaking 60 min. at room temperature
centrifuge 8,000 rpm
precipitate supernatant —————»={ A} - P )

washing twice by NaCl solution
0.1 M NaQH 20 ml

shaking 17 hours at room temperature
centrifuge 8,000 rpm
precipitate supernatant— ——— —( Fe - P}

washing twice by NaCl solution
0.25 M H,50, 20 ml

shaking 60 min. at room temperature
centrifuge  §,000 rpm

precipitate supernatant————~—m={ Ca - P }

Tl ) > (I-P) OomEs$
Fig. | Inorganic phosphorus fractionation in lake sediments
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3.1 BEEYOKESIGEHE _
By MEEATROE LAEERALR2ICRT. | YERHORSODOENHSSLCTEEN &
AHLTEHEAMKAT S, BRATR, GREE FT2HOAMSRL, mA%oMKR, St 4
POERELELTHREBHEY RN LD TH S GBS, 1968), T T, SEEY v
DKESFICELT, M)l o 0ERBEMSEICH - CHAE FRCR -THEC LT 2, B
IREREFTE MATREABO~3 cm ¥, AITREER) wsd23 T-PELL.(%) %5
T WENFOD StE #512mg /g LB, WEN - ZEINOAKRATHZ8L.G, E61C
St.1 5 5.9 (L) T, MkolhbacERESL, SL9TR1L0Img/g 103,
L LIEds, SLGOTFHMIcH S St.L, St.Q BN THD St.Di, St. 1 X0 &{EHEE
WoT b, CALOMAR, L HEOHALD SELH-TED, LbaT—4 v 7LER
HICH T ESIE AL WENTRTHE e CROHDT LD LERONEREDO LML -
T, WYEBMAECRUTALEIONEY, AV HMERBLALNEN TS, Hang
(1977) &, S0 BITOREECHPOETEDOTERESLDY) vOuaHmE @~ Lkl 4

&)

AOESE, mmA—F—0RFRELSINTVEIOT Hwang O REFOEIH/ATEII,

Sanno River

Koise River
Sonoke River

X 2 HAfEh

Fig.2  Sampling site in Lake Kasumigaura, the Koise River and the Sanno River
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Changes of fractionated phosphorus in the surface sediments (0-3cm) along
the direction of the lake cuvrent from the Sanno River to the center of
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KAAKE-T, Q—POHMEAMMICAEL{ S, AI-P @, 115mg/g ~0.08mg/g 08

BiCHD, SLE LS 1 TTORENIKAOMEE SO TEBICRELT 5, MIRTIR, St 155
St. 9EXTWRLHES TS, MRS (1979) ick b &, Fe—P BEMSKNE & U KHERHT
KED2) YOBRBKELFSLTWAENTHE. LEMN- TERLOCDENREFALL LT
Fe—P ORH R EELE% NS 4, Fe—P i, 220mg/g ~ 0.20mg /g DEHICH D, ML
IR S Lttt = TRHNNKADRECHATL—MRICRP LTS 08bhr b, Ca—P i, SLG
Mo S 4ETIRIBEIABETHLH, S 400 SL FETHTHILBLTLERET Al-P®
Fe -P & H~2 O T RSN G, 2Ok SHESHE MR, Nakajime & (1980) 3 H) I8
BEZOHRATMNTHEEFNCHEOTEEB LT 5, Nakajima & (1980) @, ERHPOEHE
) vaMkdo PO, — P B&EMEY v, DOP LHEEEICERKE-T, FNTRPO, - P @
Al, Feit&Biodtibni®i) »ORBBRTHI L, TLHERNBTREHS 7 /7 + U2 E
RETABER) vOLBLEDOPORBHEEN Y vOUBRBEBETHL CHEEL TV .

K54, SrAcEsd ikt T—P (G, 1979 LERPCT-PLOBRFEELLLOT

.2

s5t.2 #

¢ S5t.2'

St.4 -

5.9 }} St.5

Total Phosphorus Concentration in Lake Water {mg/1)

0 1 i
0 1 2

Total Phosphorus in Sediments {mg/g)
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Fig. 5 A relationship between total phosphorus concentrations in lake water
and total phosphorus cancentrations in lake sediments. Closed circles )
indicate annual mean concentrations of T-P in lake water (1977.9~1978,
8). Vertical bars indicate the standard deviation.
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LT, 2EH%E St | LU 6L 2/ THELL, Y YOMBERERLICGRT, Br#id ek
FEDdmEEd, RCIVEROI S LEBELETRENG, ZHABREOLOE, BEAE
ER:EMO) y2REARLTED, ERDE S LVOEELR AT TVEEEZL NS, 127/, 1
Anafuoniys, 1 —P* BELALRAZIBEELLROS, O-P BKRs<, LLL. &
Bl Lichi-T, MINTI, O P LLTEROACRBLTH S CENEEINSG, LLA
Mo, THRTHAXORETHD, SHE, MELT, FNORADMECEN TS, TERAD
HEETTE S BENH D,

# 1 kBB LUERDN) a5
Table 1. Phosphorus contents of deposited - material and sediments in Lake.
Kasumigaura

. , TP P+ 0P LL.
Statien . Sample (mg/e) (mgfe) (mg/e) %)
St. 1 deposited material** .13 1.59 1.54 18.0
deposited material™* 2.45 1.64 0.81 16.1

sediment (1978.11)*** 2.53 1.70 0.83 17.7

st.2’ deposited material** 2.76 1.22 1.54 2.8
deposited material™ 1.94 117 0.77 17.7

sediment (1978.11)*** 1.80 099 0.81 18.8

*  extracted by IN HCI
**  The spent time for collection of precipitating matter is 24hrs,
**% Sediment sample is the upper 3cm of sediment core.

3.2 BEEYCORESHEE

St. 1. St. 4, St 9B BEEE) yOREMAFRGE, K7, KBiry. T-PEO
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L1Eb,

Fe—P 4, WFHOHEACEOTHESHACELL, EHAD ] —POBL 2O EE LD
4, BAHICSL 1T, L09mg/g 5 0 18 mg/g,5t. 4 TR 0.52mg/g 5010 mg/g,
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Fig. 6  Vertical profiles of fractionated phosphorus in sediment of St.| (1978.11)
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Fig. 8 Vertical profiles of fractionated phosphorus in sediment of St.9 (1976.8)
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Seasonal Change in Depth Profile of Sediment Tamperature
and Annual Heat Budget at Takahamairi Bay in

Lake Kasumigaura

Toshio IWAKUMA'

Abstract

Vertical profile of the sedimentary temperature to the depth of 4 m was observed
in situ by thermister-thermometer at station | {water depth: 2.2 m) monthly from
February 1979 to April 1980. Observed data were fitted to harmonic equation de-
scribing vertical profile of the sedimentary temperature. Parameters concerning thermal
budget were determined. Damping depth, I} was 1.35 m, thermal conductivity, k was
1.82 x 1072 cal ecm™ s7' K™ assuming the product of bulk density, o and thermal
capacity, ¢ equals 1.0, and thermal diffusivity, ¢ was 1.82'x 10-3 ¢m? s7L

Annual heat budget in the innermost of Takahamairi Bay (l4m in mean
water depth) was then estimated. Annual lake heat budget, &. was 3.1 x 10% cal cm™2
and annual sediment heat budget, & was 2.0 x 10°* cal cm™  Heat budget ratio,
8s /& was 0.66. This results indicates that the sediment in Takahamairi Bay plays
an important role in the heat siorage, which is the characteristics of a shallow eu-
trophic lake.
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— MK BERE 2R T ARV THIHEO ERENOCREZ LISV, BrEoLk JIIKEL,
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Fig.2  Depth profile of loss on ignition (LOI), water content and bulk density
of sediment collected from Station | with Saijo corer

Mean values are plotted and holizontal bars indicate standard deviation of five
replicates.

% ( Hutchinson» 1957 )s
pc —=—(k—) 4]
2
BEERADSL 1] OEROBEAFIC2OTHCORMUTTELELTRO, K Lp [ {REE

(gom™), ¢ @ H#h (cal gt s7T K'Y $ETk | AEER (cal em™ s K) ThHb,
Ba—E L{RE UHERRE

T, 0) Aot ] Aieos i (t—to,) ' ()
i=]
T, =) =A, (3)
Db EICRR,

-5 -




Y Temperature (°C)

N
1
e
-
~a

Depth in sediment {(m)
W
o ek L
-y
b S
‘1009-0
ey

B~
T

5L

B 3 S BERASLL KEE2.2m) ICBITAHEEAMOERER 797 4 L0
FELS

Fig. 3 Seasonal change in depth profile of sediment temperature at Station | in
Takahamairi Bay of Lake Kasumigaura
Water depth is 2.2 m,

T(t, z) :A_(,+iA,-e—% cos(z'w(t—to,.)—% (4)
=
B oMb, LA, L ETHEE (C), LUD: @B=ES (damping depth, ={2a/wm)

(m) o EEEER (thermal diffusivity, =k/(pe)) (mPg?), 1t 1979 F 1 B 1 AH S
BATHBSLUw=27/365TH 5. DRERPOBERBOMELDOAPT LD, ES DIT
B AREENMOCRBRIEZE TCORIIBO /e &5, ERNENTEECLIODEIUR T 4 —
F—Ap Aiv by, En=150n=10 DEAEITRHDTAZ L, RIKFETLOCn =3 TES
WHEEERMBHP L ThAEC EMYat,

EfEd mE TOFENLEL LTHEEE D= 135cm B oAt 2 ak DEEEEFELa=
182 X107 em? s7 & 10 o7z, B pc AKDEBE | THEDEE 0. 65 (Beck of al., 1971) T
H0, WETIL 0O 1IGIVWEEA S0 3, Ratcliffe (1960 ) B OEBEICDVTEKE w &
BREOE L EOBEFRERARLEBCICINEw= 0602 k=182 x10%cm? s &15 5,
WoToe=1cRET D w=0FBLIET 20D TNHTEHE =1 82 X107 em? s #3k
Tofce TRFEF/LOOHADCEEIELZB/ET 2L, 42 TOEHKEIR16 2°CTH BT & 8
ot (E1)
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. Table 1. Estimated parameters of equation (4) describing depth profile of the
sedimentary temperature. SS is residual sum of square, D is damping
depth (m), A, is annual mean temperature ("C) and A4, and f,'are the
parameters ("C and days respectively). Estimated for 163 observations
Degrees of equation  n
1 2 3 4 5 & 8 10
S5 62.0 46.2 1.7 4.0 . 3.5 224 214 16.3
D 1.40:0.06 1.44:0.05 141:0.04 1.39:0.04 1.38:0.04 1.38:0.04 1.40:0.04 1.35: 0.04
A, 16.54+0.05 16.60:0.04 16.48:0.03 1643:0.03 16.40:0.03 16.42:0.04 16.20:0.07 16.24+ 0.07
A, —10.68+0.14  —10,73:0.12  —10.73:0.09 —10.71:0.09 -10.66:0.09 -10.69:0.09 -10.22:0.15 -990s 0.22
L 30.22+0.75 3231068 30.36+0.54 28.44:0.53 28.35:0.54 28.57+0.58 28.04:0.83 26.86x 0.00
A, —0.6610.58 -0.3610.05 —0.29:0.04 —0.30:0.05 -0.38:0.05 -0.52:0.16 —0.421 .11
te, —2.75¢2.56 -22.52:4.26 —43.87:5.13 —55.1015.35 ~50.66:4.53  —85.09:5.64 242.07129.15
A, —0.94+0.05 —1.18:0.05 —1.2210.05 —1.13:0.06 21.47<0.17 —0.742 4,11
l.,3 41.37:0.94 41.71:0.74 392.60+0.78 41.00£0.95 -1.71£1.21 22.05:14.16
A, -047:005  -0.58:0.05  -0.50:0.06  36.41:0.19  -0.67x 0.21
T, 12.04:1.47 9.36:1.28 10.24:1.57 -1.09+1.38 —9.15211.49
A, —0.32:0.05  -0.25:0.06 9.71:0.18  —0.50¢ 0.59
t, —7.50:1.67 —-4.66:2.37 —0.84:1.51 -29.76+ 57%
A, —0.16£0.05 -4.26:0.17  -1.00: 0.65
o, 9.61£3.15 -0.34:3.00 22.38: 0.00
A, —14.81:0.16 1.12¢ 0.58
I.‘,1 068:1.21 —13.54¢ L.18
A, 325:013  1.06: 0.53
t, 0211308 293.83: L48
A, —1.51+ 0.45
l,’ —-16.29x 1.31
A 0.99: 0.16
Ly, —34.59: 1.61
#F 2 W OROHORIROBIN RT3 WERHE
Table 2. Physical properties of lake sediments relating heat budget
Water Thermal Thermal  Damping
Mean  Depth o v
Lake depth  studied con\:f:nt. condulcétmty, dlffu;lVlt}’, de;l))th, Reference
(m) (m) (%) (calem™ ' s'K')  (emis!) (cm)
Mendota -3 Birge et al.
(USA) 12.1 8 3.25 X 10 181 1958
Hula 3 Neumann
(lsracl) 1.7 4 x10 200 (1953
Tub (USA) 3.6 136 x10° 2 x10° 147 Likens& Johnson
(1969)
Swewart’s' 96 (.05m) 3 Likens & Johnson
Dark (UsA) 43 65 (5.1m) 2 xlo (1969)
Five lakes 3 3 Allis & Garland
in ELA (Canada) 15-33 1.70 X 10r 1.5 %10 123 (Jo76)
Takahamairi 78 (.05m} 3% 3 135 This stud
(Japan) 1.4 2.2 67 (1.3m) 1.82 X 100 1.82 X 10r y

* Estimated based on pc = 1, o1 w = 60%.
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Vﬁ%@fﬁi‘&ﬂf Gszﬁﬁzié (leens & Johnson, 1969)9 1ROELTEEZLD L, A =
1.7C&ELT '

. 1 " .
B = 2‘5143 Dpc = 2040 cal an™® (5)

BRED, FYKkEz =14 mOBRAOHAN (K1 #EH) OFRIZE
6.=2 Az, oc=23120 cal cm™? (6)

EN B, 7277 L AIRSE. 1 @ 1979 FOKEC S mOKBREME FRERTHEMLE L *DED
N2CERALTV 3. HOBMKREEEOFRNZEMOMELREL THLLEEATIRE /60
=66% L BOBOEERL TS (#3). CRRAENECCELEABRETSS L HBRER
WARENC LD 2DICEE LT B0 B - THAHOE D CEBVERBL LW TRER 854 kE
DEVERTHLLHIK, BEEOFRCESTIRAMSEFRICKEL, ERICEH INLBITHRA

#* 3\ R OMOERRB I O g
Table 3. Annual heat budgets of some lakes

_ Annual »
: P Mean lake heat sediment * Heat budget

Lake Eﬁ) budget, &, heat budget, B ratio

’ ' (calen’?), {cal cm™?) Bs/8.
Mendota 12.1 235 X 10° S 20 x10° . 0.08
Hula ' 1.7 2.29 x 10° 14 x 10* 0.61
Tub * . - ‘ 3.6 . 8D x10° 0.97 x 10° 0.12
Stewart’s Dark 4.3 7.0 x10° 0.73 x 10? 0.10
Takahamairi _ 1.4 3.1 x10° 2.0 x10° ) 0.66
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Characteristics of Bacterial Distribution Related to

Nutrients Dynamics in Lake Kasumigaura

Morihiro AIZAKI'and Takuo NAKAJIMA’

Abstract

1) The number of acrobic heterotrophic bacteria at the innermost stations of
Takahamairi Bay and Tsuchiura Bay increased in the late summer and early autumn,
and decreased in winter. While the change occurred with some time lags at the
center of lake ; namely the number began to increase in the late autumn, and to
decrease in the late winter. The average number of aerobic heierotrophic bacteria
was 6.5~7.2x10* cells/ml at the innermost of the respective bays and 1.53x10* cells
/ml at the center of lake during the period from May 1979 to April 1980. On the
other hand, the number of total bacteria showed relatively littie seasonal change and
was similar at each station. The average number for the year was 3.9 ~ 5.4 » 10®
cells/ml.

2) The biomass of bacterioplankton in Lake Kasumigaura was estimated to be
53~178 ng C/1, and the average value of 130 ug C/1. The ratio of bacterioplankton
to particulate organic matter in lake water was estimated to be about 1.74;

3) The number of bacteria related to decomposition of organic matter was
higher in lake water than in sediment surface at the stations in Takahamairi Bay.
The number of total aerobic heterotrophic bacteria was 9.6~25> 10" cells/m? in lake
water and 2.9~ 13 x 10" cells/m? in sediment of O0~lcm layer. The number of protein
decomposers was 6.1~30x10° cells/m? in the former and 3.2 ~ 7.2x10° cells/m? in
the latter, and that of ammeonifiers was 6.5~ 71 x10° cells/m? in the former and 3.2~
36 x10° cells/m? in the latter.

4) The nitrification, denitrification and nitrogen fixation in lake water were
nearly negligible, because the number of bacteria related to these processes was very
low in lake water. On the other hand, the number of these bacteria in sediment was
large, possibly indicating the significance of the sediment surface in these processes.

1. EzicEmamr KEIEERIGE T305 SRS ER o EERE] N 163 2
Water and Environment Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Department of Biology, Faculty of Science, Tokyo Metropolitan Univ., Fukazawa, Setagayaku, Tokyo
158, Japan.




The average number of nitrifiers in sediment (0~2cm layer) during the period from
July 1979 to August 1980 was.1.3x10°-1. 5><106 cells/ml. That of nitrate reducer

was 3.4 105~ 1.9 10 cells/ml. That of denitrifiers was 2.6 X 109—6.5 % 10 cells/ml,
and that of nitrogen fixers was 1.8><102I~I.0><I05 cells/m1,
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Fig.1  Study site in Lake Kasumigaura
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Fig.2 Long-term seasonal fluctuations in number of aerobic heterotrophic
bacteria at several stations in Lake Kasumigaura. {e) epilimnion water
(0.5m), (©) hypolimnion water (st.4, 6m ; st.9, 5m).
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Fig.3 ~ Long-term seasonal fluctuations in number of total bacteria at several

' " stations in Lake Kasumigaura. (e) epilimnion water (0.5m), ()
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Fig.7 Carbon and nitrogen contents in sediments at the stations in Takahama-
iri. Plots were average value and the variation range during the period
from July 1979 to August 1980.
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Table 1. Seasonal changes in carbon, nitrogen and phosphorus contents in,
sediments at the stations in Takahamairi bay

Station Semple Atoms ‘79, 7,27 822 9,26 10,29 11,27 '8¢, 1,29 225 3,31 522 12 &7
C(%) 412 416 4.00 409 - 403 - — 411 - 392
02" N %) 0.505 0.519 0.508 0.479 - 0510 - - 0505 — 0461
P (%) 0.255 0.262 0.261 0.265 0.257 0.249 —  0.259 0.243 0.234 0.260
st.1
C (%) 398 380 394 389 — 397 -~ 383 - 377
5-7°™ N (%) 0.456 0.457 0.461 0.437 - 0469 — - 0455 - 0451
P (%) 0.249 0.263 0.227 0.212 0.220 0.226 —  0.182 0.210 0.227 0.266
C (%) 502 502 450 488 — - 544 — 504 - 4951
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Fig. 11 Distribution of ammonium oxidative bacteria in lake water and sediments
at the stations in Takahamairi. plots were average value and the varia-
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mud, (©O) per g-dry mud.
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Fig. 13 Distribution of nitrate reducing bacteria in lake water and sediments at
the stations in Takahamairi. plots were average value and the variation
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Fig. 15 Distribution of aerobic nitrogen fixing bacteria in lake water and sedim-
ents at the stations in Takahamairi. Plots were average value and vari-
ation range during the period from July 1979 to August 1980. (@) per
ml.mud, (O) per g-dry mud.
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Fig. 17 Distribution of sulfate reducing bacteria in lake water and sediments at
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T, MEXEFENIERELEIKDOIBERER (0~1cm) L0 2~ 3EBCEELT S
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F@E (0~ Ilcm) £9st. 2, st. 3TRSI~THBOHEFERS L1, TLTFre=7LREE

.%,%l@ﬂﬁ*fﬁ?lxw%wyﬁ,Eﬁﬁ@mmmKMSGXW%mym%sLT@MK
TTiE 3.0 x1W09ells/m?, ERFZE lemP g 6.5 x10%cells/m2 st. SOHIKABICT 2.2 x 10Y
cells/m?, BEREZB lem P23 2 x 10cells/mP EEL TEOMKOABERER (0~ 1lom)
EH2~THESZCEELTOR, LT, choDlbbnBLLE, 27 BEOHHEN
OHBIAMAKDPTEREOCHKNLES L322 L b BETOA Ty b0 Ll &,
FAMIBIKRLA LS, BBARLEEALCEBERYS Y TRIZEEEOMBHMBHES N
T, EROIKZBTLLOEICEET 2 ARRSHRIN TV 5, 2D &l HErEiTi
MSEARYONBBMKEEREREAEELEEOAOLDN TV EARELTO S, Ok
A, —EBLAARMEsoEIERPICERS I L3P BREC REFOL ALK
Lo THUKG~BREL, £CTINGREZHUMNOEBRYE LTER~RL TR L0 I8
BAECODPZLTOEEEIOND, LthisT, —Rilke ToSREMIEVESBbh 2
B, ERCRECHIARES L RENL FCERMARTHRSTT T LT ERESNTC,

chicdL T, &EH Vv, MESOERBILAYORBCBELCHERCERIVBKE VDL
hhd, BRACETAZEEROSHL LB &, ki o 5 LR, S ML fER,
BEER, HFERUCHSHERETER MBEEETEASCRLTRIIRET2ARELER
HNA, BAOERKETEF—FRBLEAEROD, EREEFE RESECBLTRSHM
(1979) OREZRMBH D, BWARPTRRELALFESR LN TRy, —FERBR IS,
REWE. REUELATHRLERBICELALTEY, 2OE®LE. (FHM, 1979; 48 -
1981 LS - C o DERLEMORBKELTABEREFENRE QOPOMEETH L L EZ 6
N5, MEERTICHL THEFCERPOMBER S OB KM rTELL EBELIZD
(Tezuka, 1979) T &b, EETREENERLF 2 LOLEDON S, MBEORTIC L &1L
TEEED Y yBEKTZCERECMNTEY Ohl, 1978, ERICOBENEETTD ) v
OERICHT A58 L TURBEBTHROBE > ERB KL RO L EI NG,

- 19~ E21 RN, BR0~2cmkE ERS~ Tocm B TOSEOANESAF B> @EEE
g ltco Bk TR LMD 03 ~ 2 IBBRERBHRKNTH Y, EBERELHD I~ 0%
T ve=TILEME, 3~20%8F o0 GRERTH o, MRERTHER 2 v/ 7 SHEME
S TERMEFETE L. TAMAEE S RERZRIAEEEEL, EREEFEEON0 2%
BTH -7, FREEHREE MR, HBESTMRRI cells/mUATEEsLHTO RN 5T,
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Fig. 19 Comparison of numbers of bacteria which have various physiological
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Denitrification in Sediments of Takahamairi Bay,

Lake Kasumigaura

Takuo NAKAJIMA' and Morihiro AIZAKI®

Abstract
Denitrification by sediment of Lake Kasumiga-ura (Takahamairi) was investigated

with an acetylene inhibition technique, Denitrification rate increased exponentially as

" incubation temperature increased (5-30°C). The rate was constant at the concentration
of more than 2 mg nitrate-N.1"'. The value of Km was calculated to be abeout 0.5
mg N.17' by Michaelis-Menten kinetics. Denitrification ratein surface sediment (0-2 ¢m)
in Lake Kasumiga-ura estimated from nitrate concentration and temperature in siry
was 10-140 yg N.g™'.day™! from March to December, 1980.
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EROERZ 2777 —FR, BEACETZIME(sts. 1, 2H5503) TH-%,
B a7 —ROEZRALUBSERB IS B, BIEETH>FTHLIAE)0~4TCLiR-T,

MEgOAER, HHL979) OFERKELTT -k, BESml 2100 m] BB i
AL, BBS VY AERIOm] (EEELTI0042) EMAFER LI, NI v o TRMEERLL®
LT €F Ly E3HEMAZNCTA ¥4 2a— &M -7, 2~ 4BMRCKRHBON,Q BEXE
ME L. RERRICHS 2ETREKRMOFER, MiS U 742 mg 2MA TR,
B L R MR I & DI AT BB TR, 12 000 rpm TR L, EEKTIESES L
OERUEEKREMAG—ICULERY v 70 (R1Kk=1:9) £HALL, WMDY L00
DOICEEF b o AR (200 mg - 171) [Oml A%, 30°C, 1055 Lo Ml % &
HETHENL, RIBZWESE, 05~ 1BMI YFax—tLEDOERMETON,O BEBE
Ltoo FEHER, 200f5@E DA — 3 ml £2i350% TCABHK L5 mmABIh3 ¥, B
HON, ORI AHIERITH I - 12,

N,ODHEZE, #R70~ 757 (B3 AH, TCD: B#5A, ECD) itk o1, BIESRHE
i, ) TCDOEA, NE3 mm, BEX3mORTF YR AT4H, KTARRETCy 7Q(80~
100 # » &2, REIZ45°C, # + ) 7TH A He (#H#E60ml /min), 2) ECD (®NiRH)DEA,
WNEImm, BEE2mOHFAH T 4, KTARRIHES 9 7Q (80~100 4 » ¥ 2), #7 LEE
75°C, BHBERES30C, F+ ) T—H AIEME N, THEEOm! /min T - .

3 BRLERE
ERSEETEF LV EET, BRERETEREL KON, OEREW <, Migh ViEE(10mg
N-TI71) 10ml &ML, 30CTTA vFa~—t UHd, 6BMETERNCN,OBERS i
{(Fig 1), 6B TOFOEREMSN,O - N L L TR,
st, 2K OB LALLM ~2em OERENEZA,, BREOMBERFELH~L (Fig. 2).
WHEER2mg - 17 LIETE, REAFRITI-ETH-1, BWHBRERFE TR, RERLE-—
MEGRICHTIEE S (Focht & Verstraete , 1977 ) o A3pkE4 s Michaelis Menten O IE
THELTRAKkmIERF 0.5mE N1 Th -2 5 ETHHEIN T B GOWHREICHT
BkmEE R0 3EsEE Y, THETLE8~ 17T0mg N. 17" ( Yoshinari et al., 1977 ), EHXFEE,
MAEAH 5 AT006~0 16 mg N.17' (moore & Schroeder, 1971 Regua & Schroeder, 1973 .
Engberg & Schroeder, 1975), #7KT 0.1 mg N+ 17! (Koike et al-» 1972), HERT48mg
N- 17! (Oren & Blackburn, 1979) TH %o
EEA - 3HA (st 1, 2, 3) XoERULAEREHCSOT, E&EEIOmg N- 1T Ak




100

gy

_‘O—-——.____o

No0-N (pg-bottle™ K
w1
S

] i L i AY L 1

0 2 4 6 M8 20 22 2
Time {hrs])

1 Tadv T FToE s @EREEHC L 3N0%EH
RHRETE & M LIRE 4, 30°CT4 X a~—} L7,

Fig. 1  Production of NJO by Lake Kasumiga-ura sediment sample amended
with KNQ, and C,H, and incubated under anaerobic conditions at 30°C
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Fig.2  Denitrification rates as function of NQs concentration by Lake
Kasumiga-ura sediment sample incubated under anaerobic conditions

at 30C

BAOKMEETE3, 5, T, 8BLUI12A (1980 4E) KRE LIk, €OHEER 3 ~ 5 IR
T EREE (0~2cm) AMOKEEER, TE (5~Tcen) BKics I 2#EE LD st.1D8
AEBEBVMEERL, FREMLELL . SHACERKBVT, B ACHIAROKELER
DR 2ERCEEETR L. REEER st 200 ~2cmBTHRHEL, S ACHSERETH S,

BEREHRER 1 g M0 444 2g N day OB o0, COER, TERBIUERERTION
7o BB EHEE (Focht & Chang, 1975 ) WGEWMETH o, 3HATHBLT, st 1 THL S
CREMB MRS h (HEE - hE, 1981) #%, REEEISLEP -7, COTEF,HHS
(1979) IC & 5 19TTH4E D EISRER & i3 1T—F L #o.
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IREHEL BECEBRL I T L, BERFORBKFELIIBELZAK st, XL 0ER LEE
RBER (0~2cm)EH TR~ BEAFER, 5~0CORBATRREENSERT 5 L
e U (Fig. 6 ). .

A ETCRE INTWERAERES &, 2~3BCOEATIE, HEEED, Tyr=vaiokid
Tz, Q.2 14~3.4T%H5 (Focht & Chang, 1975 ). ARBRTIRQ HM23TH -1,
RCTHERBAEERBINL 208, AHOBERE(OMRELL - THEEINTS (Focht &

£ 1 BISTHERIRIRE, KEAHHOEL E e @IRIE TR S L

Table 1. Denitrifying activity estimated from nitrate concentration and temperature

in situ
Date (1980) Station [?;_T)h T?c%g)' (ESJIH ) De:cl:jr\:iftyymg_
‘ (ug Nvg~'-day™")

31 Mar. 1 0-2 13.6 W) 22.8
5-7 0.11 1.0
2 0-2 11.9 0.63 34.8
5-1 07 9.1
3 0-2 10.8 1.21 24.7
5-7 ' 013 0.9
22 May 1 0-2 17.5 1.86 ’ 62.5
5-7 0.63 226

2’ 0-2 19.6 1.73 140
5-7 0.75 47.9

3 0-2 18.9 1.67 120
5-7 0.90 76.2
2 July i 0-2 20.9 1.91 38.2
5-7 0.51 27.2

2 0-2 22.2 © 045 105
5-7 0.15 18.7

3 0-2 206 0.66 116
5-7 0.62 31.9
7 Aug. 1 0-2 21.5 2.02 66.5
5-7 0.36 25.2
2 0-2 22.4 . 094 78.1
5-7 0.01 13
3 0-2 22.0 0.64 375
5-7 " 0.42 15.3
4 Dec, 1 0-2 11 0.19 9.7
5-7 0.41 9.3
2 0-2 11 0.74 49.1
5-7 0.25 4.1
3 0-2 1 0.55 28.8
5-7 0.19 4.9




Verstraete, 1977 ). Bacillus BiCid, M OEHE LM ONTE D, ERICE Bacillus 5% il
BY5 (Simiduet ., 1977 ; Ramsey. 1977 : Konda & Tezuka, 1979 ; FIE S, 1980). B4
WTé Bacllus BIRBHME L LTHEL T AaiNEL SN 5,

BEA-BREBT 2RELHEEREICK L Michaelis - Menten®RX i H Tk £ 0, km= 0.5
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Characteristics of Primary Production in Lake Kasumigaura

Toshio IWAKUMA! and Masayuki YASUNO!

Abstract

1) Primary production of Lake Kasumigaura was measured by simulated in situ
method moenthly from October 1978 to October 1980 for six stations. Photosynthetic
activity of phytoplankton was measured at the same time by oxygen electrode and
the photosynthesis-light curve was fitted to modified Vollenweider's formula with
three parameters (assimilation number, Pr,. intial slope of the photosynthesis-light
curve, g:photoinhibition factor, P/ P,).

2) Annual mean of gross primary production per unit area was between 6.6 and
9.7 g0, m2 d1

3} Gross production per unit area per day (GP), community respiration per unit
area per day (R), the maximym gross production per unit volume per day (A
the maximum gross praduction per unit of chlotophyll a (Au.,/ Chl.a) and assimi-
lation number (P} were strongly correlated with water temperature and no significant
correlationship was found with nutrients which were sufficient in this lake.

4) Prax decreaced once in the summer of 1979 though the water temperature
was constantly high, suggesting the presence of some controlling factors. .Pmx was
lower in the summer of 1980 when it was lower in water temperature compared with
the former years.

5) P of phytoplankton of Lake Kasumigaura during the pertod from 1978 to
1980 was higher than in the years before 1971

6) The initial slope of photosynthesis-light curve (¢} was correlated with water
temperature as a result of the strong correlationship with Py, though it had been
considered to be a temperature-independent factor.

7} Photoinhibition factor (FPaex/Fo) was primarily correlated with P, secondary
with water temperature and tcrtially- with total nitrogen. Photoinhibition could not
be observed in the summer when blue-green algae were dominant whereas it was
observed in the other seasons.

Lo EOFAREr  9mmEm 7305 SR UG ¢ i SRET - 2f 116 2 :
Environmental Biology Division, The National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 303, Japan



8) Community respiration per unit area per day (R} exceeded GP especially in
the summer seasons. R value might be overestimated because the oxygen consumption
of the sample water taken from surface layer of the lake in the daytime was much
higher than that of bottom layer and than that at night.
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Fig.1 Map of Lake Kasumigaura showing sampling stations
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Fig.2  Photosynthesis-light curve of a sample from Station [ on 23 January
1980 fitted to modified Vollenweider’s formula (2). Relations between

photosynthetic parametérs are shown in the figure.
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Table 1. Matrix of simple correlation coefficients for the measured primary produc-

tivity indices and environmental factors (82 data sets)

GP is gross production per unit area, R is respiration per unit area, NP fs net produc-

tion per unit area, Ap 15 the muximum daily gross production per unit volume,

Amex/Chl.g is the muximum daily gross production per unit of chlorophyll a, T is the

temperature at which experiments were run, /, is the incident solar radiation on the

day of experiment, J, is dayly incident solar radiation averaged for three days prior to

and the day of sample collection, Chl.a, T-P, T-N, POP and NH,+NONOQO; N are

the nutrient data for the water.

R NP Amax Acmh‘l’_’;" T I I Chl.a T-F T-N PO,-P NH;;?E”

GF 0.744** —(.312**  0.683%*  0.680%* 0.694%¥* 0.604** 0.588** 0.346%* 0.156 0.121 0.240* -0.239*
R —0.867**  0.703%%  0.447%*  0.691%* 0.416%*  0.487%F  0.508%% 0.175 0.191 0.213 —0.279*
NP -0.490%* —0.129 —0.465** —0.141 —0,254* —0.465** —-0.132 -0.182 —0.124 0.219
Amax 0.620%*  0.846**  0.601** 0.591% (0.717%%  (.334%%  (0452%* 0.405** 0.250*
Amax/Chl.a 0.699**  0.533** (0.574** -0.006 0.207 0.085 0.324** —Q.122
T 0.590%*  0.697**  (0.522%* (.399*r (.379%* (0.465%* -0.158
f 0.645**  0.327** (.279* 0.163 0.334** —(.248*
[ 0.310**  0.312**  0.094 0.301** —0.273*
Chl. a 0.240* 0.476**  0.200 -0.206
T-P 0.153 0.623** -0.162
T-N 0.211 0.622%*
PO, -P -0.110

** Significant at 0.01 probability level.
* Significant at 0.05 probability level.
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* 2 —OEREO ST C B ER & o EBMRE(T— 7 82#)
ERIEICEL,
Table 2. Partial correlation coefficients for the measured primary productivity
indices and environmental factors(82 data sets)
Abbreviations are the same as in table |.
NH,+NO,+ -
T A Chl.a T-P T-N PO, ARG
NO,-N
GP 0.525%*  (.334%* —-0.039 -0.215 —0.198 —-0.167 —0.126 »
R : 0.580**  0.007 0.239*« _-0.167 -0.208 —0.161 -0.211
NP —0.295%*  (.204 —-0.294**  (.082 0.107 0.106 0.130
Amax 0.710** 0.275* —0.046 0.616 -0.057 0.103 0.054 -0.122
Amax /Chla 0.750**  0.284* —0.628** —0.129 -0.051 —0.072 —0.085
*#* GQignificant at 0.01 probability level.
*  Significant at 0,05 probability level.
# 3 1979%£ 4 B & W 19804E 3 A £ To124 Aoi, #EIVBSEC LR i—

S22 TIE19T9E 7 B 5198083 A2 Th 9 HoEMiATh 5, HWRIIBA
IHEERNTAROWEHTH D, BERD HIER~OERILENHE, PQ=11L

TiT=72.

Table 3. Primary production averaged for twelve months from April 1979 to
March 1980 measured by simulated in situ method
Data for Station 2' are averaged for nine months from July 1979 to March 1980.

Respiration data should be treated as overestimates. Conversion from oxygen to

carbon was made assuming photosynthetic quota, PQ=1. Unit: g0, m~2 d~*

(gC m™*d™)
5t.1 St. 2 St. 2° St. 4 5t 9 §t. 7
Depth (m) 2.1 35 38 6.4 59 29 )
Grass production (g:g) (g:g) (g:':;) (g:g) (g:;) (g:g) »
Respiation -+ S S (N -+ T "
Net production Coh N Pty ) Ci 06

& R E

197845 5 1980 FICHh  TOBRAKRERE P,y » 15 EHOEES B ERK Prax/ P,
BLUHTEHCKEBOFEEHERBITTRT o Py St 1 TR 197966 Aic, St.2 Tidd LES
TRAFHEECEERLTAOKRDLS B ARDPU T—HEC LB IAKBUR K1, 10
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AL 2T L, NBK—KBECESRTEa8H -7 TARS8 Al TP,

DEFT 2B BMFCECRELLRED 10T, COBFHICStL. 1 £5t.2 TRERT
Y7 by EEROBERASET LT, RREOHENSEE L TZ R L T35, St.7

D Prax 3 197913 6 AE L ZRUBRREKHT TETFTE—HTH - 1Ml St. 9T 1979
HEOT Ao 9 ADMIR P, OEKERSLRGD -7 1980413 FIFEIC o T H IiC kil HHE
Dol P T BIHICSL I THVERRLELAAERAL LTS, 8AELTI D@
197K D bED -t F 7O Prg H—FEETT BRRH 9 ADSICBES NI,

b LD ARGICEIE-3 0 LEBEERSS SNEh -2, BAEEDELLAEKNBL L
INEHL T Lo ABORBEERICTEIN T AT LR RN,

SR P/ Py 13 Py BB TTBHCE 1 ICEC 50, . P, OECIARG 3 A
T TE Pyg/ Py, 306725 08%7R 07, L SLATHMOMALRNY, 197947 A
S512HE COM Pra/ Py HHEELICHED - e C EMNEHEN S,

£ AICEAB - RBRO 3 DD/07 4 £ EBABRE OBBETRT (F— 2§52 HHERE,
MEMOKAT, FASEEEHH4 OMOTYAMEL, . 2) Y T-P, 2E%K T-N, ) v&
Y v PO, - P RUBHESBEXEO6HETH S, LAM-THBO 320,95 £ 4Kt
BISHEBNA OGN, &5 4 2 bBREEROMTRKERE SO BOEOMBELRLTO , 32
DI A S AMUTHEL, FiThb EMVAE ¢ & B ERK P, /P, SBEERLOE, Co2
P0G A S HAOHMSEC, RI4DTNTOEFERCTREMEL DL, g p /P, 2
FHREELCEREBY, Poy/P, CHEETEAG RS ELE, -7, REERNTOMABRREL &
R AR, B85 2 2BIOMBEBELT, &7 A 4 2 AETAEO 5 5 BHEES
AT 774 RBRTROLHRERIIORT . BANRSREEP,, FKRLEOSBEVEBEEZR
L, 5 En DAk e kB TIEDRE, WMEDRME, CAOHMERL . Fi¢ itk
BRER L SLEOHBETR U T 2o BIEBRKPLu/P KRBT ELER TN KEOE@E
Flice HAK-HHBROE 7 * 4 - REHEKO BRRRBKO L B0 TH S,

Pasx = 040 + 0678 7  (y2=080) a8
é — 0.084 + 0.0038 7 — 0,0002 / )
+0.0141 NH,+ NO,#NO,-N (72 =0.43) - 8

Prax/ Py = 0.64 + 0.0065 T+ 0.053 T-N (r2=1031) (19
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Table 4.

parameters and environmental factors(53 data sets)

Matrix of simple correlation coefficients for measured photosynthetic

P is assimilation number, ¢ is initial slope of the photosynthesis-light curve,
P/ Py 15 photoinhibition factor, T is the temperature at which experiments were

run, f, is daily incident solar radiation averaged for three days prior to and for

the day of sample collection, T-P, T-N, PO,P and NHNQO,.NON are the

nutrient data for the water.

. +NOQ, +
® P max/ P T L T-P T-N PO, -P Eg: —I:J ’
Prnax 0.320* 0.403*%*  0.893**  0.602** 0.380%** 0.365*% 0.386%* —0.223
¢ (.536%* 0457 _0.047 0.136 0.247 0.211 0.198
P max/ P 0.488%  0.219 0.100 0.444%*  0.061 0.163
T 0.619%%  0.419%F  0.401%% 0.374**% _0.133
A 0.391**  0.261 0.326% -0.167
T_P 0.240 0.689** _0.138
T-N - 0.268 0.566%*
PO, -P -0.034
** Significant at 0.01 probability level.
* Significant at 0.05 probability level,
£ 5 WOEREMOL T AT EESER L ORMEEE(T— 5 #534)
I EACREL, S
Table 5. Partial correlation coefficients for the measured photosynthetic indices
and environmental factors(53 data sets)
Abbreviations are the same as in table 4.
NH, +NO,+
-P -N PO, -P a 2
T I, T T 4 NO, —N
Pmax 0.893** 0.139 0.012 0.016 0.126 -0.233
¢ 0.639%* —0.464** 0.043 —-0.133 0.122 0.276%*
Prnax/ Py 0.377**  —0.134 —0.168 0.311*  —0.205 0.074

** Significant at 0.01 probability level.
*  Significant at 0.05 probability level.

1272 LA Prax 3 g0, gChl.a™! W', 1380, gChl.e™ E! 1P, Pau/Pi KT, THRC
BLORBEREIgm® THE. 37 r BEMEHFNTH Do Prax BNIKERTEBOKET
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9°CLINOBERETEHLMME 1 A TRELZ Tk, 5ABEDEKDQ I3 259, 1WAH23A
DEKDQpid 12CHLATCORIT224THY, W THEMI TR ON Prax P Qu L Db K& D 572,

4 E =B
“&EEE®5B%&E%%§ET%E@KM.1)@%757¢F7®ﬁﬁﬁ(cwaﬁ)
DFXBEOE, KE, AHBUEORBERBLY 3) s v v BROESMET SN D,
AR CTREMETEL TEHAELRT IR TE, BrHoYEERER —REEORBERE 12
S TR EbhD, KEHLHOBREER (GP) BKB L BHZICHOIERBE R LG
2)o W77 7 b yOBRERIKES D OBEFRE (R) &880 FHEELTLAM GP &
REELCHBELARIGL -, IRHHTS V2 L vORESREREEDLDT ST A 2D EELE
EISBAABEE (P ) bEMAEL THERE S O HELARATRI LS -7 (E5)0
SEVBIHTHE, KBH P EERL, S5CAHBEIMAADIBC LiLLOGPIIES E

WE Ao
Eppley (1972 Y@y FEBREHOMMBERCHMT IBED T — S 2 EEL, FHEHLLOHIR
BB BA MR J R EET COOBRE LT

Zep = 0.851 exp { 0.0633 7)

TEDEHBL LI, CORTQ,, HiI 188 TH B, AHEORKAITEEEREEIC 20T Goldman
& Carpenter (1974) ik bgigh, @, = 2.08 DikA

Hoc = 5.35 X 10%exp (—6472/(T + 273

BRENIz, KRET b Pry & KBBICHBHEC (72= 0.80), Q,, B@ 191 THotee G
PDQy, i3 L6 TRES ) OHEERE (R) DQ,, MD 209 & 0{%<, BEDHVHEWiciZ
CFRBEVHAMACE L S0, EEECRAIC G A EAREL T . REERD Q, @S FRED
Q1o % FIE 2 Bl D BABEH TS | E  MESIN T 5 o8 (Megard , 1972; Nakanishi, 1975 ;
Jewson, 1976 ; Jones , 1977 ) B4 @D & 5 E MO KB 40°CIcET LRI 2B T C ORE
RAEVHOEMEINS,

EMoBr BEEAD SSPORERLE 707 va BOKRC/Chla REBFS (1977 o4&
hiTd9ThH s, TLFEADANOBHT 7 v 7 F v OBRERRIPETALEEETHIg m? T
BY(EHS, 19810, 8975 V2 + YOREBENSTHELE L, 85 Chl.ai@EE01gm™
LT DL, BmEADHEY 75 7 b »OC/Chi.a Wiz 44 & HF5H 0 EHMTH 50 Eppley (1972)
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Hum7s o2ty C /Chig 33045150 DBOEERL, REFEDORZHETNEEVEE
TECEEEHLTEY, COALOCLBEATRERESHMBERE L - THRLE EB 5,
K Prg 4 E TRESN T 2B, BFEOT— 2 EHBLTEHES. CHRKT=0CHLY
B°C 2 RALNAREE 1 £ 45 E20°C TH Popx= 11.8 g0, gChl.g' i1 = 4.4 gC gChl.
a? W, 25°C Tid P, = 16.3 g0, BChl.a™ "' = 6.1 gC gChl.a? h' & 135, Parsons et al.

QITT)ICE Nl p, REFRHETE2 -6, BHOBETH03-6, EXBEHT2-6 gC gChl.
@ W' ThHb, B D P HING EHBLTHENEFA LS, C/Chllg = HpEERAVE
THOBEH T Z 7 b YD P R e R EL T AMMBICHERT 2 LBCRLBTp=333d"¢10,
BREZENBEREL Ty =167d"BBONL L2 LHERIEEL TOLEy, (21), (22) R
VBCTE gp=4.14d7", figc=1.98d™ LB OBY DO DHMBNEL, COEADLLRBrHO—
ARG ELCERECELTVEEREL NGy, LALE Y HOBEORFEEE FET A &R
EDHRD 7 v EBEIAD Py i3 #1580, gChl.a W' TH 3 (4K, 1973, FHS, 1975, &
HE - MEIE, 1979) @it L,  1971EELITI19564E4 7 — 9 g0, gChl. ¢ b (Ichimnra, 1958,

1961), 197144Ci3 7.5 g0,-gCht. 27" 1! (AR 5, 1974, C BEL O BE) LHFHDMTH 2.

FEDCTHrHOREH 772 F YORRBERCOESDNU—REENOMEBEEChhbH - T
EDTHHI.

1979407 A58 HiLhd T, St.18LUSt.2TP,, BETFTT2MAE8NLL (08 ),
ZORMCIRBEEESBRESROPTLESDE LS (KM, 1981), A# (1979, 1981)
BENERCHIBORERETH D Microcystis PWERBESZEOPT L MRS ET RIRENCRNT
L EERL, MBEEEENIHOESOMEFBEN A MEEsTRE L, ECB-TA
BerDESRKBUADERE p_ & OBEABT B ML S 551, APFETHERCHE-
TOHSRIT BT ST OF— 2 8Hi0T, SEORIHEEL T2,

KE - RARON L IRV AR (¢) IBRTFRECERLTOTREERFELLSVEEZLON
T fokd (Bannister, 1974), KT TH P, CHEKEL, Licd- ThKELEOHEE R LR
(F£d, £5)o ¢ & Pray DIEHBEMRER (Platt & Jassby, 1976 )% & U#iE (Lastein &
Gargas, 1978 ) THEEZNTLAY, LT3 BHEBL L4 BHEOREOERL GHABEFE S
LTV Be LB LEARTRIOBOBECEE]L e tBOHESRLIZ. COTEEEHET
TOWMT 7 2 b YOHEG (Ryther & Menzel ,  1956) t S idSiBAdt o ;d Iy, — HEEEIES
FE o DIEMAEMGONIY (F5), ¢ DELFSHIIFRBE L~ & OB# (Schindler & Fee, 1973;
Williams, [978)iC k26D THECEBHNTE S o g OEETIC CTHRNULH - {EOE
EHEE LT 5 ATREES & B, #o& 21 Platt & Jassby (1976) iZ &4k X & ¢ ORIICREEH
OEGENHD, BT 7 vy b VBREOCHA X6 DEBCHEEL D A LEHEHL TS,

B YR SR Proax /P, 1T 20 TR T3 T Fee(1973) & 72 3RO F i+ Harris (1978) + Platt
et al (1980) Dk~ - LIA R EBMICHRLON TRV LES T, L 0BG RMREFTTH
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BN T &7 (fo& 2 Nakanishi, 1976 ; Platt & Jassby, 1976 ; Lastein & Gargas, 1978 ),
Prax /Py BHACLOERBD S0, St.ATRINIFIZHELS ETL THot-2%, oS, 1

POL2ZTIRIA, WAKIZ2TFED, RBOMMICHLSH 2 & 4R0 LT, 44 « 25
(1981) cdnid, p /P 1 THEMEE 7 v BEOBE LT 24T, fLOMELEOL
BT ABOBELTOBMBKR L UTOC ENED » o FHAD T VB, 451 Microcystis DB
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EBEINAKMEL TORBOZEE (Dera & Gordon, 196R) 4 Z /T 248 4H 545,
BRIBODSt.1, St.2 HEIT ST TRMNAOKARERSEHmSE S s (R8), £
TECTRMARTHEARERO AN LENEA SN (FES, 1975 168 - A, 1979 )
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5 1/200MO#EAE L (M Allister of ., 1964 ; Humphrey, 1975), 8 BRI 2> TH L
ik &1 (Dunstan, 1973 Humphrey, 1975), 4 3T < OMRESEAL T3 Ry/Poax=
1/10 (Steeman - Nielsen & Hansen, 1959) # R4 v25°C, Chl.a @01 g m™®, [, =400
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Changes in Standing Crop of Phytoplankton at Takahamairi

Bay in Lake Kasumigaura

Noriko IMAMURA' and Masayuki YASUNO'

Abstract

The seasonal succession of phytoplankton was studied at Takahamairi bay in
Lake Kasumigaura from May 1979 to October 1980.

Blue-green algae were most abundant at the innermost part of the bay and de-
creased gradually toward the center of the lake. Blue-green algae began to increase
abruptly in June at every stations, and decreased at Station | and Station 2 in Septem-
ber, at Station 3 in December and at Station 4 in January respectively.

The most abundant blue-green algae were Microeystis geruginosa (Kuz) Trevis,
Anabaena flos-aquae Brebisson and * Aphanizomenon flos-aquae (L.) Ralfs. These
species increased concurrently, but the latter two species decreased significantly in
August and increased again in the middle autumn, whereas the first species persisted
in large numbers throughout the summer and autumn.

As for diatoms, blooms of Cyclotefla sp. and Synedra spp. occurred in  the
autumn and spring, and significant numbers of Melosira spp. and Coscinodiscus sp.
appeared in the summer and autumn. The bloom of Chrpsochromuling sp. of flagel-
lates occurred during the winter. The biomass of green algae was very small, but
relatively larger at the center of the lake. However Closterium aciculare bloomed in
the winter-spring 1979. Diatoms did -not appeare in this period.

Diatoms and green algae scarcely appeared at Stations 1 and 2 in the summer
when heavy blooms of blue-green algae occurred, whereas diatoms such as Melosira
spp. and Coscinodiscus sp. and green algae appeared at Stations 3and 4 in the summer
when the biomass of blue-green algae was not high. And also when the wat
temperature was fower than previous vears as in 1980, the biomass of blue-green
algae did not increase so much and Mejosira spp. and Coseinodiscus sp. appeared in
the bay except Station 1. This phenomenon suggested that blue-green algae had
inhibited the growth of other algal groups.

1, ESERr EipmibSs T300 FOM R S0 B MERET /B 168 2
Enviromental Biology Division, The National Institute for Enviromental Studies, Yatabe-machi, Tsukuba,
Ibaraki 303, lapan.
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The optimal temperature for growth of Cyclotella sp. isolated from Takahamairi
bay was 19°C, but the growth was suppressed at more than 20°C. This may explain
the disappearance of this species in the summer.

. @i
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Takahamairi Bay 4,

Lake Kasumigaura
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Fig.1 Map of study area and sampling stations in Lake Kasumigaura
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£l BodoHBLEES ST 7 by RO
Table | The volume of algal species occurred in Takahamairi bay from May
1979 to October 1930

i species V{:};T; type
Blue-green algae
Anabaena viguieri 97.478 sphere
A. affinis 131.548 sphere
Anabagerna sp. 1 13.717 sphere
A, flos-aquae 96.966 sphere
A. spiroides 179.594 sphere
Aphanizomenon flos-aquae 141.715 cylinder
Microcy stis aeruginosa 101.107 sphere
M. wesenbergii ' 142.470 sphere
Gomphosphaeria sp. 1 8.580 sphere
Merismope&ia sp. 1 9628 ellipsoid
Chroococcus sp. 1 80.254 ellipsoid
Chroococcus sp. 2 18.850 ellipsoid
Oscillatoria sp. 1 150.720 cylinder
Phormidium tenue 22.114 cylinder
Spiruling sp. 1 328434 cylinder
Synechococcus sp. 1 4,408 ellipsoid
Dactylococcopsis sp. 1 87.574 spindle
Diatoms
Achnanthes minutissimo 160.327 cylinder
Coscinodiscus sp. 1 7708.164 cylinder
Cyclotella sp. 1 827.764 cylinder
Cyclotella sp. 2 122.096 cylinder
Melosira grantlata (type A) 444]1.289 cylinder
Melosira granulata (type B) 1110.538 cylinder
Melosira granulata var. angustissima 735.039 cylinder
M, granulata var. angustissima £. spirglis 658.170 cylinder
Synedra acus 1607.823 spindle
S. rumpens 687.716 spindle
S. berolinensis 483.057 spindle
Nitzschia spp. 554.206 spindle
Atteya spp. 420.000 cube
Green algae
Actinastrum sp. 1 25.366 spindle
Ankistrodesmus sp. 1 67.744 spindle
Kirchneriella sp. 1 25.760 ellipsoid
Crucigenia sp. 1 13.057 ellipsoid
Closterium aciculare 9566.801 spindle
Coelastrum sphaericum 102.68% sphere
Cogmiarium sp. 1 445,466 ellipsoid
Westella sp. 1 9.739 sphere
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volume

species @m®) - type
Green algae
Elakatothrix gelatinosa } 70.525 - spindle
Coelastrum ip. 1 14.130 sphere
Mougeotia sp. 1 989.789 - cylinder
Micractinium sp. 1 58.998  sphere
Oocystis parva 186.349 ellipsoid
Golenkinige radiata 172.006 sphere
Pediastrum spp. 14,137 sphere
Chodgtella sp. 1 79.518 ellipsoid
Scenedesmus spp. (type A) 16.041 ellipsoid
Scenedesmus spp. (type B) 96.396 ellipsoid
Scenedesmus spp. (type C) 125.663 ellipsoid
Planctonema lauterbomii 174.644 cylindet
Schroederia setigera 208.102 . spindle
Staurastrum sp. 47717.965 cylinder
Dictyosphaerium sp. 1 43.089 sphere
Tetraedron sp. 1 136.037 pyramid
Tetrastrum sp. 1 17.974 sphere
Flageltates

Chigmydomonas sp. 1 1864.299 sphere
Chlamydomonas sp. 2 310.339 sphere
Chiamydomonas sp. 3 957.806 sphere
Carteria sp. 1 4064.379 sphere
Polyblepharides 4156.328 ellipsoid
Phacus spp. 4672.453 ellipsoid
Euglena spp. 2758.000 ellipsoid
Ochromonas sp. 1 60.053 ellipsoid
Chrysochromuling sp. 1 43.098 sphere
Peridinigles 4160.102 ellipsoid
Cryptomonas sp. 1 1108.191 ellipsoid
Maflomonas sp. 1 662.595 ellipsoid

) wid, St. 1, St 2OFEEABRET, MM L TI0°~10%cells /ml, St. 3 T 105 ~
105 cells /ml, St. 4 T ~10%¢ells/mlicbET 5, HEMBREESLS, ARELTS
29, BOBHEAEDELSD, St 1, St 2 TRARMNATEH S 9 Bhassaliickl Lid
U, HIKSt. 1T, BEAEKDHSERTSH. ETA555t- 3, St 4 OFEADLELS M
DIZHCHAETR, 52 < T THRPCERLERERL, St. 3TEIR2A, St.4 T 1 AET10¢
cells /ml @7k icHELE L,

AL AZTE, SREALCED ZMKPD Microcystis DBHARCER 2107 T, KDOEHH
® b Microcystis OBHERIZ, DTN THLZHBEIKPICEE Lo, € OBEE I HAPHRI &
DREIBNRED -1

—127 -



sLog, colonies/ml -
Lok, geells/ml Logiocelts/me Log, pcells/al Log,gcells/al Log peelis/ml

Lu;locells/-l

Logypcells/ml

*C

water temperature

Microcystis asmiginoaa

AR VAN

[ A ' A.q. affinie
1'&N
T g L Y

Anzbasna floa-aquae

T T T T T

Aphanizomengr flos-aquae

N A A

o-'ﬂﬂwmf.d‘ém CoHue

\ ]

) 2 phaerta sp, R Pf«%’“"ﬂ-q Fq\ a ‘,’| )

WA TN . A7
Fi ! I )

' “/\W s
\1‘

Symedra spp.

Neloai -
’f\oum spp al o

A

—d
\
VR\ ;R\ . fP.
M b 4

T

1 r T T v
"May | Jun.' Jul. Aug. Sep. Oct, Nov. Bec. 'Jan. @ Feh. Mar. Apr.  May Jum. IGl. ) Aug, "Sep. Oct.

1979 1980

2 M= lIoBITAKEE TEREEOSEHTE

Fig.2  Seasonal change in water temperaiure at (.5m depth and the seasonal

successiont of major phytoplankton species at Station 1

— 128 -



inp
wdter temperature
pal] o
uwr
" T T T T T T T T T T T T T T T T T
.
2 b Microc Btil der inosa
L
-~
* -
P
3 L
L3
=%
g L

*lag;puelonics/ml
hog peellsfml tag, cells/al fagyceltsint Log scellsfm) Log el ls/ml
“ " - [ w - " = - - n - w -

Log geells/ml

A.ﬂ,‘j(vi-fel
o .

Avi uinny

A heticamenon [loa-squic

Ml

T T T T 4 T . | T T T T T T T T L —

a, Phomiddium tow

1
L o “' ; hoap haeria sp. | o
DAY
. Jlk._

Lt T T T T T

L‘aneiﬂﬁitcu ap.

e

T T Ld T T T T T T T T bt v T v
May Jun, Jul. Aug. Sep, Der. New.. Dec. Jan. Febh. Mar. Apr. May Jun. Jul, Aug. Sept, Oct.
1979 1980

3 MR 2iIBF 5 KR & FEEEEOTHEE,

Fig.3  Seasonal change in water temperature at 0.5m depth and the seasonal

succession of major phytoplankton species at Station 2

- 129 —



30
witer temperature
20
19
oF T T T T T T T T T T T T T T T T T

Lngwceuslnl

- - "
X

&

1 g
ES

. J 3¢
H

2

y 3
g

S
4%

Log,gtells/ml

ocolnnies[ml

. log

E B Aphaninamenon flas-cquar
B
: =
&
ugs N /W/\ W_/
M
L3
s |
1 . s ————— —r —_—
20 & Phomilium tenue
<
20 %
3t ' ]
= ] L S\w?
= 1 \
3 ] !
1 T T 1 T bt
- 5
E
‘;,- - relugtia spp.
ENE P pon,
= ;5 o
= |
a /
3
i —td T T

Cogcinodiscug sp.
N,

Crelatella sp.

o

Loy, feells/m
v

T T T T

/
LA 4

Chrysochremaling sp.

Lag]uucllx.{ml

O~u ,’ \C!’_.,“t_rmrxua sp.
¥ <
by !\ §

VR T ot Taur. TSep. Toct. T New. vec. Vdan. ' feb. Mar. Tapr. THay Thm. o I
a7 19g0

4 M3IZ B A KE E EEMEEOFEELE _
Fig.4 Seasonal change in water temperature at 0.5m depth and the seasonal
succession of major phytoplankton species at Station 3

— 130 —




-

5
Fig. 5

water temperature [l

Microcystis ueru inosq

Log geells/mi
-
T

w

o
T

Log yeells/m

5 | Arhantsomenon floe-aquae

E

-

EO &

°

LI S

& |

: /\

1 T T T * T T T T T + v T
wa 5 F
o g Phormridium tenue
Y ey

e Ly W v oo P

o 5 ﬂv'q ’l
A Y _d
-0

o
T

N N /
= !
5

T(\“)\

Synedra spp.

Log)ycells/ml

l.og]ucclls/ul

73

Log,geclis/ml

d"-a
%.

™ Lated b TE——T bl T ¥ T T
May  Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Fch. Mar, Apr. May
1974 IRLL]

B 41 BT K SEBEREO T
Seasonal change in water temperature at 0.5m depth and the seasonal
succession of major phytoplankton species at Station 4

- 131 —



* 2 KD ERZKEALIETZ L 228K B O Micvocystis D
Table 2 Number of Microcystis colonies occured in lake water preceding to the
blooming season {colonies/1}

St. 1 2 3 4 9
date
800324 1.48 0.17 1.35 3.44 3.66
800425 0.40 1.26 4.37 1.54 0.88

800514 534 0.82 3.88 1.61 0.26

(b) Anabaena B, Aphanizomenon &

Anabaena [ & Aphanizomenon Bt BRADEDWAICEOTS, 5 Ab s 6 AE Micro -
cystis & IZVERIEMNICHTET 5. Hammer (1964) % Reynolds (1971) O®,ETE, Ana -
baena B4 Aphanizomenon [&D KO LS Microcystis DKDEICHFTE AN, BriHK s TR
19794, 1980 FOME L, JIRMMCHBMLI Lo, L L, Microcystis LRI T,
2OBERIACIARLL, RHUBEBOE S LAAEE5. ROBHHMRIGEAERELD
BEAHOKEVHAT, LOBAFTH 1.

Anabaena B & Aphanizomenon BO TR LT 5 &, Ancbaena BT, BOBEFROD
HOKOENL O SK &t 72185, Aphanizomenon BTi2, KOBREROT MK 2h 1. Ei:
BEC ST, BEABREL D BOIEHAT, EORFREAED 1,

Angbaena BICH>VTIE, 1979103 Anagbaena flos-aquae OBERSF S K -70h,
1980 fE 103, £NICHID ~ T Anabaena spiroides &% < MBLL T, $1 19791, HICHE
ABRE T, Anabaena flos-aquae OBEE&MT A LAK, SPMTRKECHRB UL, RAKkOE
i, 1980 F0 8 A L)@ Anabaena spiroides W h B O,

coLHk, BEYEMTSLOERP L6000, HBEEKE L 24, £3~%6 TRLIED,
DA BT Anabaena B & Aphanizomenon BIZEOHEEREL, ZhooEDHRET
A—FEPTHBL LB RENI,

{c) 20D 7 v v

M Er S CMEBY 54 DI, Gomphosphaeria sp. & Phrmidium tenue Db oh b, MFE
b, BEABRBL OHOCHL HEE, REMEKPICHEY 2tamsd 0, fEd, FE
poLEIHET (6, T, 8H) &, K oxupd THHET 3. £ CEHBARELLLR
HEMAERT. #8S, & K, 2CEJUBETEN, BHER, TOHBEMNEERIONE, 2L
LEFORBMICKOELRR T 2 L@, KENERichD, #AkPKEELN.
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(d} Cyclotells B, Synedra I&

Eﬁ?\@ OB BNTH, KEH20CE 05 10H T T Cyelotella sp, (% 1 D Cyclotella
sp. 1 TH2) SEHELE Ldk. COBRARESEABRETHCHEET. TA20MKLEL LD
EANLDNEIE B, Cylotella sp. OBERE, 28, 3AIcovRLTaH0, SAHYELG 4
AOFECBUBMLL, BEABAS TR, RO T Vv—atBDO 7V — it ~L0DBEETH S
M, St 3TR, BOT -0l RE, 7. TLTEMAL D, KEMNNCEBAEL A
HOAKMLYT, DEDT A IBHEEAR U B BIETCEL L. .

Synedra |8 (S. acus, S rumpens. S. berolinensis Z58) &, FOHWARENTH, Koo
ZLHT TS VEBELRALY, & 4A»55 ARZOBEERRBRITE 7, COBEEIR,
BREANOOFBBMETH 7. LT Cyclotella sp. LRIFEHD, F1LEEAH5 1 ¥ABN
TRA LA, coMFOBERFAEFICRHIBLASRBLELY, St 4 TR, ERFLH0THE
FHEHELY:, BrEBEATORKEEDOHED 7 -2, COBMEOBER LK N 2TI.

(e} Coscinodiscus sp. & Melostra |8 T

&wmmgmsw,mowtm,1%9$mgmm§bfmﬁﬁ%ﬁﬁb,mﬂ@%mﬁﬁﬁﬁ%
MELU 12, 2 LTEFCROBEBUCHRE L. KBDED 12 1980Ficit, 7TA8Ricd
REBRE G-, HANKA L LEEABRAT TR N, HOOHFBEL 7.

Melosira |8 (M. granwiata, M. granulata var. angustissima, M. granulata var. angustissi -
ma f. spirglis 28 3, PECRBIBULpE»SKLHE T, 20BRERIEENS(, £
FIRELD o HARCH B E, Coscinodiscus sp. LR, PRUVBEABHESGL O HOD
FED 12 ' '

Coscinodiscus sp. & Melosirg B3, #HICHEABRBTEHEOEBEART, LaL, St 3.
St. 4 TH Melosira B3 TR, 8 A, Coscinodiscus sp. 107, 1ACHERZHLEL, -
0TI, ThOOHER, EroKIKEBNEOOT, AL ORSRILEH, Anabaena
B Aphanizomenon B & HEBNE CBEER L1,

(f) WERH

BEEHICH>LTR, BOREMEELbOMNEH, FlLICT~NTEMERLLCERELE
b\.iﬁ, BHICREBOH LD, Chrysochromuling sp., Cryptomonas sp.. & Ochromenas sp.
(?) TH5to Chlamydomonas spp. 12197955 Qi A £ GREBHE M - 2. Chrysochro-
muling sp. &Cryptomonas sp. 3, B i & RS Microcystis, Anabaena % Aphantizomenon 13
KOTELE KRS 5 Crose Mere To LB 2 W ERETH % (Reynolds, 1973b)« Chrysoch-
romuling sp. i3, FOMACBOTEHRIZEEPOIZAKICHMICHEL, £0RREI—EOBE
BEMRLULLALE AL THL L,

Cryplomonas sp. & Ochromonos Sp. () DT, FEMAKPICEEL, 2OEHIRIFRA
TH7ce F, Ochromonas sp. (?) BEREFHTHHBELEbL T,
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Table 3 Correlation coefficients between major algal species at Station 1

Ana fI. Aphani Microc Gompho Phormi Coscin  Cyclot  Melosi  Synedr Ochrom Chryso  Crypto

Anabeng +

flos-aquae

Aphanizomenon *

flos-aquae 0-64 *

Microcystis

aeruginosa 0.09 0.08 *

Gomphosphaeria 0.37% 0.04 —0.02 +

sp. -
Phormidium 0.24 0.41* 0.03 -0.02 +
tentie

Coscinodiscus sp. 0.28 0.35* _-0.19 0.30* 0.64* +

Cyelotella sp. ~0.19 016  —0.30*  0.30* -0.01 0.01 +

Melosira spp. 0.34*  057% —0.19 0.07 0.74%  0.76% —004 +

Synedra spp. —-0.15 —-0.11 -0.14 0.15 -0.02 -0.01 0.66 —0.10 +

fpf"(’,l,‘;m""‘” ~0.11 -0.09 -0.18 --0.02 -0.04 0.05 0.15  —0.03 0.60* +

f;ff’ysoc"’o’”“’f"“ ~013 —011 -020 009 -0.08 -016  0.34* _0.18 042 023 +
Cryptomonassp.  0.34*  0.35* —0.11 -0.06 003 -0.10 —0.15 0.03  —0.02 0.05 0.12 +

*p <0.05
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Table 4 Correlation coefficients between major algal species at Station 2

Ana. af Ana fl A'phani Microc Gompho Phormi Coscin  Cyclot Melosi  Synedr Ochrom Chryso  Crypto
Anabaena affinis +
A. flos-aquae 0.69* +
Qphamzomenon  0.60*  047*
ﬁfﬁ;ﬁlﬁﬁ‘ ~0.03 -0.05  0.13 +
gj"ml"’“”"""”f" 0.61* 0.07  0.57*  0.09 +
Phormidium 009 003 012 004 0.8 +
Coscinodiscus sp.  —0.02 -0.12 0.11 0.29* 0.08 0.02 +
Cyclotella sp. ~0.15 -0.18 —-0.25 -0.03 010 003 ~0.16 +
" Melosira spp. 0.09 005  0.33* 025 021 -0.03  038* 001 +
Synedra spp. ~0.09 008 -0.13 -005 -0.12 010 —0.08  0.32* 008 +
gfh(r?‘;mona’ 010  —0.10 -0.13 -0.03 -0.0 016 005 ~ 0.35* —0.3  0.56*  +
gf”’“’”’"‘""“”’"’ ~012  -015 023 -0.06 -0.02 009 -020  029* -034* -0.01 032  +
Cryptomonassp. 002 004 002 004 -009  083* —005 -002 -0.16  030* 014 —0.08 +

*p < 0.05
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Table 5 Correlation coefficients between major algal species at Station 3
Ana vi Ana af Ana. fl Aphani Microc - Gompho Phormi Coscin  Cyclot Melosi  Synedr Ochrom Chryso Crypte

Anabaena .
viguieri
A. affinis 0.74*
A. flos-aquae 0.66* 0.84* +
ﬁggggfa‘;"‘e"o" 049* 027 021 +
ﬁ‘;";‘jﬂ;‘ 008 -0.04 005 —0.07 +
s‘;‘_’”””"""""‘”’"’ . -001 003 002 003 -0.08 +
- Phormidiim 012 -005 -0.08  0.37* -0.08 -0.02 +
Coscinodiscus sp. ~ 0.11  —0.03 —-0.07 013 —003 002  0.08 +
Cyelotella sp. 0.04 007 005 002 021 001 00l —0.06 +
Melosira spp. 038* 039% 028 004 011 0.8 -012 003 —0.09  +
Synedra spp. -0.07 -001 -004 007  -025 001 000 -0.12  041* -0.15 +
gf."('._,‘;’"""” 029* 0.0 009 006 -022 -008 -001 013 001 -0.04 0.2 +
f;"’””“""’"’““"“ 014 —0.11 -0.12 -0.12 0.29%* -016 -0.12 -0.17 004 -022 -0.02 0.6 +
Oryptomonassp.  0.71%  075%  0.70% 018 -020 000 014 —002 013 022 033* 046+ —0.11 +

*p <005
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Table 6 Correlation coefficients between major algal species at Station 4
Ana. af Ana. . Aphani Microc Gomph Phormi  Coscin  Cyclot  Melosi  Synedr (Closte COchrom Chryso  Crypto

Anabaena +
affinis
A. flos-aquae 0.70* +
Aphanizomenon
At 0.44* 0,19 + .
Microcystis _
aeruginosa 0.61* 0_.01 0.51* +
Gomphosphaerla 006 011 009  0.06 +
sp. .
Phormidium 018 —015 000 -—0.04 —0.02 +
entie
Coscinodiscus sp. 0.02 —-0.07 0.13 0.02 0.06 -0.03 +
Cyclotella sp. —0.08 -0.00 -0.14 -0.15 0.45* -0.03 —-0.19 +
Melasira spp. 0.14 0.02  —0.04 019 -0.13 -0.13 0.06 —0.20 +
Synedra spp. -0.11 ~0.05 —0.16 -0.21 -0.15 -0.02 -0.12 0.60* -0.11 +
Closterium ' ’
aeiculare -0.12 -0.03 -0.08 —0.18 -0.19 0.46¢ -0.21 0.02 -0.14 —-0.08 +
grigronas  _g11 003 060° —0.11 004 006 006 014 08 029 0I1  +
SC;"J""C""’"’””"“ 019 -013 -025 032 016 -0.14 -0.31 —0.09 —0.21 -0.00 -012  0.04 +
Cryptomonas sp,  —0.04 0.05 0.66* —0D.04 0.18 0.13 0.11 0.17 -0.18 0.21 ~0.08 0.86* -0.20 +

*p <0.05




(g) KBRS
1979 & hs & £ I 4o F T Closterium aciculare DTS Liztess, 19794 5 B & 710% cells /ml
BIKIC A Lo BRI, BRAOHOKHVHAIZES {, St 1 TRIEEAZALNNS-
2o 197905 B» 66 Ah TEOEERIEED LI,
fBiCi3, &< Dictyosphaerium sp. Westella sp. Scenedesmus sp. 15 E DHEME < WE L,
WENRG, BEAOHOKECHATRERMSS» -1,
(h) FEEEOHEE
HEADEEACBT S EEEONE 2 — Y OMUKE L Lo, K3~F6F b, F
EER AR TBMT RS @ 6)o 7525 —12, A K DAL 0 RIS - AL RT
2, EEBICH T Anabaena B, Aphanizomenon |B, Melosira |8, Coscinodisus sp. i1 <l
Egyposs —vaERL, BEKICE MR Lic, —4, Cyclotella sp. Synedra J&, Ochromonas sp.

1
Anabaena [loe-agquae ST 2 ] Angbaena affints
__E: Aphanizomenon Flos-aquae . : Arabaena [los-oquae
hant. Flos-
Covctnodiscus sp, Aphantaonenon [los-aquae
Helogira spp. ! Comphoephaeria sp,

STA

Phormidium tenue Coscinodisaus sp.,
Gomy hoaphaerta sp. || E Meloaing spp.
Morocystie aervginesc

Cryptomonas sp.

|
Cyelotella sp. 1 Synedra spp.
Synedra app. Gehromanaa sp.(?)
|
1

Cyclotella sp.

L R punpupe I P S

-I Goh as sp.l?)
Chryspoh ling sp. Chryscohromiling sp.,
Miorpaystis ceruginosa | FPrormidiun tenwe

0.05 | pge.os Cryptomonde sp.

p)0¢05' p{0.05
1

Anabagna affinta Anabaena affinis -~

t
! 1
S T.3 | Anabaena flog-aquae ST.4 ] Anab £l quce

I . .

1 Crygptomanaa sp. : Microcyetis aeruginosg
Anabaena viguieni t Melosira spp.
Aphani T * | Aphani. flo
Meloging spp. _f_‘I—E Cryptomonae sp.

: Dchrgmonas sp. (7] 1 Qchromonag sp. (7}

T Fhoraidiym tenue : Cosoinodiscus sp.

4 Cogeinodiscus sp, 1 Synedra spp.

: Gomphoapk sp. Cyclotella sp.

' Sunedra spp. Gomphosphaeria sp.
Cyelotella sp. Phormidiws tenue

: Chmemo Iing sp. Cloeterium aciculare

N Miorooystia aeru,inosa t Chrysochromiiina sp,

wo.s Vpanos pre.0s Fugo.os

M 6 Aoz BT 5 EEMOEEREER

Fig. 6  Cluster diagrams based on the correlation coefficients for the cell number
of algal species at each station
The vertical dotted line approximates the 5 93 significance level for pairings.

» BEWTEETSb0LELCELEDNS,
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() b prEdh 2 —Y2RL, REFLEHRALL,

St. 1 Tld, Microcystis aeruginosa & Cyclotella sp, #15t. 2 T3 Melosira |8 & Cyrysochromu-
lina sp, &%, St. 3 T Microcystis aeruginesa & Chrysochromuling sp. B ICH A OHE %
'ﬂ—‘\ UTzo SfkEICi2, Microcystis aeruginosa & Chrysochromuling sp. 3D B L 3 & 0B
AT EmmEL (FI~EE) REOEHERLI.

FRREESR KBS, 1981) LChOOBRTS ¥ 7 F vORECHE DM T OHBREM
CEARAG, Y

3.2 ﬁﬁmdﬁbf—7’3|lllbtﬁﬁﬁ (R oFHMEL

g-carhén,v'm5 4.6

Bluc-green algae
10

SN.IIIJ.HJ HI b il
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‘l | 'l
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M

JI L Lo,
T T T T T T
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o ox T
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Grecn algac

s Flagellates

Mog g tals ok Ty
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F M M J J A S 0

K 7 HELCHTREEI -7 L0RFEROEHEE
Fig. 7 Seasonal variation of the biomass as carbon weight of algal groups at
Station |
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Fig.8 Seasonal variation of the biomass as carbon weight of algal groups at

Station 2
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Fig. 9

0

RS

g-ca rbon,v’m3

Blue-green algae
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II|I|| ] |I Il1“| “lhl]lll |I . ‘hl;l |I.l - L
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Mo 312 BT A MBS N7 2 L ORRROEH L
Seasonal variation of the biomass as carbon weight of algal groups at
Station 3
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_carbon/m?
10

Blue-green algae

Green algae
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Fig. 10 Seasonal variation of the biomass as carbon weight of algal groups at
Station 4 .

B7~X10i, 19795 A0S IBVOFEVHETOREADETAL LY A ERLE, BEY,
B, WTANMIOOES V- 7OREROENEIMERFRTRLEbOTH S, REHA
O#mEld, BOBOOEOER (E1) £b&ic, Strathmann (1967) ORAEB WV T -7,

KOEATET AEREFORFRIISL 1, St 2 T&HKE{(, St 1 TidgAl0g- carbon / m?
(1979 4F), 24.6 g carbon /m3(19804) , 5t 2Ci314.5g carbon/m?® (19795 & &
5. St 3, St 4ThEICETMEMKDEATRT 545, St. 1, St. 21k~5 L BHERALS
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Ioti. BERMOBERL, YORMSCENTS 19794, 198040fELd, 6 AL LHBAK

CHTA»SIBO LA TRALE 7. 1980F K, HEDLY, T, BHORFRRZSH
B Ep 0B FCEKEARG Lo, BPHKEY, GREAZRETEL, 7185, St
1, 51.2TR, 4R zoBREFREREBCRS T A4, St 3 TRNATHLLIZREMNTT,
St. 4 TR1 BB TYW - HERA LA, S1. 4T, 8HLNEBEREBOY - 8bH b .
CHRPHELK, 2008 EROY~ 7% b2 Anabaena B & Aphanizomenon BOKOBIE &
COMATARENDHEEL OGNS KOFEOHKERIL, BHEoNEIcERNCRERRIBYT
AL,

BERESHOREROE IR LM DRE -~ TS, 7, BEABRREOSL 1, St.27T
2, EBESEELTOLH, BREORERRIEBHA TSV £ LTERFORDE, A0 01
H ABOBRKLSZCHT THEET S, 28, 3AC20HEERIIV-1AED, 3HEML4A,
SAFDHICATEMEET 2. LU, COBFDHMIISE 3, St 4B LBEETR L. KicSt.3
ESLADERNIKAL/ - »THaM, 7, 8, FHOKOFERBRMC GEREOHEARS S
NBAMRND, COLLEE, EENORGFRNSEEABRBICENT/IEINC EEHBELTH S,
EBEAMOCESCEE-T, ROBBED 7 v — LRBAETH LY, HEED T v— L
BEICI B,

BEEIMOBEO I v - L~ LBERSD R, FCHAEABRETIREBD THE,
7212, 1979 5 A6 6 AMAENCE D, LI hB7 & B0 Closterium aciculare Hi K FB &
LictkbThb. ABICHASZE, 5.3, SLALHELCEICKH-TRERIIMA A0, £
OEH L - YIFRRATH 5,

BERFORERIZ, FOoBACECTOLRILE {112 ThiI T DT Chrysochromulina
sp. SR L enTH D, BEABELFCSOT, EHFESTIKOESBRLTO 28, =
BHCRBEERED THERSBS IV, COBEBREEIAUVOBMERT S, UL, £t0ED
RBAATEL, A5 3D TARPUAND L Sic, EENLEM, BOSBEINL,

AR, 408/ v 7ORERHNOHEREEEERCEICRLABDTHSE, (Chia-
mydomonas sp. IWEBFED SV —FTHRLEM, COHETRE O, St.1, St. 20/ E
ABHETIERRALEEY, ERHALSERE, S+oMTHVAOBMNA LN, $5t.
| THES#EEBREGEOMICENEDOHEEMNS S, St. 3, St. 4, St. 9 TREEEI Vv -7
OMT, HENBHRZSONTEh 7, COX I RBEBEABBRE L TOL, ERELHO
BV —7ORMICERNEOERENS HONEDT, BIMIKERBEL Lot TiE, &
MoV —7RICHEERNEC BTV 2 EEZ LN,

ERFORERN, BRECBEFRLAOHBEL 20O, RiCbE~cl, MAMTH LN
TLBNEGTREVL, 2FY, IVIFOEIARETEREOREREBIOMATE LM 1M,
CORBICEBYBOHBEMURALTWE, (L, St 1EFRD
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7 FHHEICBIT A EBRE T L7 ROHEBEERE
Table 7 Correlation coefficients for the biomass as carbon. weight of
algal species
Station 1 *p < 0.05
Blue-green . Gre )
alggare Diatoms a]s:: Flagellates

Blue-green +

algae

Diatoms --0.356* +

Green

algae -0.213 0.611* +

Flagellates —0.292* 0.112 -0.009 +
- Station 2 *p <0.05
Blue-green +

algae

Diatoms -0.513* +

Green

algae -0.191 -0.075 +

Flagellates* —D.409* 0.426* 0.125 +
Station 3

Blue-green +

algae

Diatoms -0.259 +

Green

algae 0.020 0.041 +

Flagellates —0.226 0.281 0.128 +
Station 4

Bluegreen .

algae

Diatoms —0.283 +

Green i )

algae —0.140 -0.154 +

Flagellates -0.222 ~0.122 -0.049 +
- Station 9

Blue-green +

algae

Diatoms -0.117 +

Green L ol

algae 0.092 0.177 ' ‘+ .

Flagellates 0.336 -0.040 -0.114 +

o



4. E B

BEASHATOWMYT 7 ¥ 7 t YEAEMICH, E4«0BOBRCS, BRARLLHBOKHLD -
T—EDAEBES OGN, BEATHIEENEHERIOVTATA S E, (1), BREDS 1,
St. 2 THEBI Microcystis Anabaena %thiis &9 5 EWENKARE LTSL 3, SLAD2 ~
45 H 135, (2, KOEDHERCOBREOF TR, MOREICKHE-T, £FICH-T
LR OEBENRKPCEET ZEMMSERG,. TENHETONB. (NI, BREOFNEREN
DEBFO (KIS, 1979) CLERBLTO S, @0 T, SELIRNERABBELGNL I,
KDOELAERT HHMEDBEENEREOAS WL ZATEL REREMES, 197 ¢ &5
CAERRSBRETEY (BB, 1979) A HEX TRAERK X ZKOED R IERsEH L
THAAEEEGHC, KOEOEMENBEIFLLZLET, SEFLOAEBLETHA S,

BERATKOELIBER T ZERIII, Microcystis, Anabaena, Aphanizomenon 1 ETH B,
Anabaena & Aphanizomenon X EOHATH ECHBIENOh, HEM L (U EE <8 —
2o, TS Microcystis BEE LT AMICHERLT LEy, HOwivmaTi, Kic
BORET 2. 251 - AN TONEDRERFICERNT 5 HBED & ARATH 515, &
B oREBEDREY, (Hammar, 1964, Imamura , 1981) , NEOAMMOEL, (Ward , 1080),
WRITHE LD C - TOHF (Lange, 1974), (HEHOHEE (Keating, 1977), KO EEXE
BT LMAEMHECHTIRINNERMOBICL - TED, C&BENEILGN, LOFELOMH
ENBETHLEEbND,

SEABESTCIERFAMKOELRMNL Ty 26, HER REHI 3 LASHALR
o COBERIASL. 3, SLATKOEERPILLARYOHBECREBEEMHNE TL20LHL~E
L, BHTHBM TS 5. Keating (1978) 3, Linsly pond ichE ¢ 2 B H4H & HBEEH #
LT, EREVERBCAREBET SMEARBENC LT CLERUTL A, St 1, 5t 2
DECEBHORERMLVHMATH, ChsoBERRMITHEEREY, EEECREBEEIEL 2
WTBHEEBABLENTEL, KB, St.3, St. 4T, ERFOHFERM NI VD), 2%
DHEVEORNLED -y, BHRELPERHOLBEMRA WL BZONE, BrHOfT
LHTHLLE, ERMOEERHN S carbon /md 22 2 S HEFHORBMHCHIREN . St
1, St 2KV TRESES S ELEEEOMIL OB OBOBEMMNE 2T &b, T Chrysochro -
muling sp. L DOWT, HERANEO T A2TEEGH 5.

Keating (1978) 13, £ 0ERBELROEREO TV —OXRE S CHFEHENE LT Eh 5,
HREHOHNENENADEREO L — AREEBLEZ A LBELTVE, LL, B7VHOES
BRETKOHEREHET EL, TOERLOHBHEO T v—aE20, KhSEOT Vv —ui3{E
BEOAHBEETHII L0, ERGSLTHEMESERHONERE S, HRETL O
ESPBRMPES. CORE20TRERBCEEHEMEFALTOEHEIDOEHTHITT S
WHEBH B,
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RELATIVE GROVTH COASTAHT (k‘)

TETIPERATURE

11 ZiBEE T Cyclotella sp. A HEAMER(K)

Fig. 11 Relative growth constant, K, in log,, day units, at about 3000 Ix
(12L 12D) for Cyelotella sp. isolated from Takahamairi bay as a
function of temperature
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Standing Crop of Zooplankton at Takahamairi Bay

in Lake Kasumigaura

Masayuki Y ASUNO, Masahiko MORISHITA' and Takayuki HANAZATO'

Abstract

1) Standing crop of zooplankton at the definite two stations in Takahamairi
Bay of Lake Kasumigaura was estimated based on the three years data from (977 to
1979.

2) The changes in the standing crop were seasonal and reached to more than |
g m~? in dry weight in every summer, when Diaphanosgma brachyurum and Bosmina
fatalis increased enormously.

3) The beginning of the increase as well as the highest value of the standing
crop varied from year to year.

4) There was an unexpected sharp increase of the standing crop in May pre-
ceding to the summer-increase in 1978. The outbreak of several species of Rotifera
caused the increase which reached to more than 2 g m~=

5} In 1977, the standing crop at the innermost of the bay went up to nearly 3 g
m~2 but fell down to nearly O due to the heavy rain, after which the second peak
followed, indicating the high reproductive potential of zooplankton (Cladecera) in
this bay.

6) The reproduction of Diaphanosoma brachyurum and Bosmina fatalis seemed
to be regulated by the water temperature. However the former started %o build up
the population slightly earlier.

Ty Zooplankton compositon changed seasonally. Copepoda (principally Cyclops
vicinus) dominated in winter and Rotifera predominated in sping and autumn. Cla-
docera became to be dominant in summer.

8) The waterbloom of Microcystis aeruginosa in the summer seemed to slightly
suppress the increase of standing crop of zooplankton. While, that of Closterium

aciculare in the winter and spring in 1979 certainly suppressed the zooplankton
population to a low level.

1.

B oEMRR SWREE T305 KBS mImer /-2 165 2
Environmental Biology Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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FEEOTEDZEHEGLEEORAR SV TRL S, BERITrHOBEAKCRON S, HAEMAL
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TECEL A0, BERRZ 1 gmP 2MA 22 &ME0, BEHS S IEEEETUL DI
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Fig.1  Changes in the standing crop of zooplankton at St.1 {open circlesy and
St.3 (Solid circles) in Takahamairi Bay in 1977
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Fig. 3
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EIRAL BT A8 T 7 ooBEE  (19786)
Changes in the standing crop of zooplankton at St.1 and St.3 in Taka-
hamairi Bay in 1978. Symbols are the same as in Fig 1.

1979

Py
T

o o o

s .
i) i i ] gl

Jan  Feb Mar Apr May June July Aug Sep Oct Nov De¢

HEANIEBITZEY T 7 7t o3 ER (19794E)
Changes in the standing crop of zooplankton at St.1 and St.3 in Taka-
hamairi Bay in 1979. Symbols are the same as in Fig 1.
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Clndocera
Fi&E Copepoda

X 4 SEADEYT T 7 b L OEE RN BT 2RI (19774%)
Fig.4  Changes in the percentage composition of the standing crop in dry weight

of zooplankton at two stations in Takahamairi Bay of Lake Kasumigaura
in 1977
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Fig.5 Zooplankton composition of the standing crop in 1978
Legends are the same as in Fig 4.
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Fig.6  Zooplankton composition of the standing crop in 1979
Legends are the same as in Fig 4.
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Fig.7 Changes in the abundance of Bosmina fatalis and Diaphanosoma
brachyurum at two stations in Takahamairi Bay in different years
Solid lines indicate St.1 and Broken lines St.3.
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Estimation of the Seasonal Changes in Standing Crops of Fishes,
Freshwater Shrimp and QOpossum Shrimp at Takahama-iri Bay
in Lake Kasumigaura

Seiichi KASUGA!

Abstract

The seasonal changes in standing crops of fishes, freshwater shrimp and opossum
shrimp were estimated based on the samples by the beam trawl and larva net at
Takahama-iri Bay in Lake Kasumigaura. In winter season (December-May), opossum
shrimp ({Neomysis intermedia) was dominant and its standing crop was estimated to
be 56.76 g/m? in wet weight, Summer and fall season (June-November), Neomysis
disappeared from the bay. On the other hand, the population of freshwater shrimp
(Macrobrachium nipponense) and gobioid fishes went on to increase from June and
reached maximum in August. The standing crops of freshwater shrimp and gobioid
fishes were 0.59 g/m? and 4.52 g/m? respectively in August. After the reproductive
season of fishes and frsehwater shrimp, their populations decreased quickly because
of commercial fishings. Thus opossum shrimp and fish-freshwater shrimp shared the
niche in different seasons but the former was regarded to be more important in the
ecosystem of this lake as the standing crop was more than eight times of the latter
two groups at maximum.
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Enviromental Biglogy Division, The The Mational lnstitute for Enviromental studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Sampling site for the fishes by beam trawl and larva net in Lake Ka-
sumigalra
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Fig. 2 Seasonal change in catching rate (g/m*) of the haul by beam trawl
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Fig. 3 Scasonal change incatching rate (g/m?) of each species caught by beam
trawl
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Fig. 4 Seasonal changes in standing crops of Neomysis, fishes and zooplankion
obtained by larva net
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The Role of Zoobenthos in Nutrient Cycle in the Ecosystem of
Lake Kasumigaura

Toshio IWAKUMA?, and Masayuki YASUNO!

Abstract
Seasonal trend of zoobenthos populations was observed at two stations, in

Takahamairi  (St. 2, 3.5m deep) and at the center of the lake (St. 9, 6.0m deep),
monthly using 80 cm tall box -sampler. Dominant species were Tokunagayusurika aka-
musi, Chironomus plumosus and oligochaetes at both stations. Total biomass of
zoobenthos reached its maximum in February when both of the chironomid larvae
and also oligochaetes grew up. Total biomass of of zoobenthos was 258 g m~? at
station 2 and 84 g m% at station ¢ in Fbruary 1980. That for each species of lar-
vae of T. akamsi larvae of C. plumosus and oligochaetes was 15.0, 7.8 and 3.0 g m™
respectively at station 2 and 5.3, 1.8 and 1.3 g m™ for them at station 9. Both spe-
cies distributed abundantly at the narrower part of the bay and were less abundant
where rivers flowed in. Average biomass for the bay was 7.8 g m™® for 7. akaemusi a
and 1.6 g m™2 for . plumosus.

Conversion from the dry weight to phosphorus content was made using the ratio
of 0.0066, 0.0076 and 0.0089 for T gkamusi, C. plumosus and oligochaetes respectively.
Thus at station 2, total phosphorus of 0.18 ¢ m~2 was stored by =zoobenthos about
50 2 of which was stored by T. gkamusi in the deeper layer of sediment and
the rest was stored by C. plumosus and oligochaetes which had stayed near the mud
surface. T. akamusi came up 1o the surface layer of the sediment by October and
emerged in November but only 10 % of them succeeded to become adult, and most
of them were presumably predated by benthic fishes.

Zoobenthos population increased in biomass quickly in the winter from Decem-
ber to February. The secondary production rate of zoobenthos was estimated to be
at least 0.28 g m~2 d~' which was about 33 9 of the net primary production at that
time.

1. ERLOEERIERT EEIUEEL T305 MERULFUL AL A MBECHTANEH N T 2 16
Environmental Biology Division, The National Institute for Environmental Studies. Yatabe-machi.

Tsukuba, Ibaraki 305, Japan.
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Bioturbation would be very high in the winter because all of these zoobenthos
species were active but it would decline in the summer due to the aestivation of T.
akamusi,

The major role of T. akamusiin the lake ecosystem might be quickly to accu-
mulate organic matter out of sediment and to preserve it in the summer by aestiva-
tion and to release of organic matter through predation in the late autumn to higher

trophic levels.

N = 9 VY] g
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Fig.1 Map of Lake Kasumigaura showing sampling stations
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Fig.2  Seasonal changes in standing crop of zoobenthos at Station 2
Numerals in the figure indicate apparent production of Tekwnagayusurika
akamusi and Chironomus plumosus.
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Fig.3 Seasonal changes in standing crop of zoobenthos at Station 9
Numerals in the figure indicate apparent production of Tokunagayusurika

akamusi,
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Fig.4 | Distribution of larvae of Tokunagayusurika akamusi at Takahamairi
Bay in Lake Kasumigaura in March 1979. Samples were collected with
Ekman- grab and data were multiplied by a correcting factor, 2.5,
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C.plumosus
Mar. 1979

800 58 .

V7 e00 44
BE 400 2.9

| | <400 <29
(No.m™2) (gary wt.m-2)

19793 AN » @R ADN A A 22 H O 5Hi, L7 ~— ViRiEHE

&b T—FICHLERE2 08 R 2L 7,

Distribution of larvae of Chironomus plumpsus at Takahamairi Bay in .
Lake Kasumigaura in March 1979. Samples wese collected with Ekman

grab and data were multiplicd by a correcting factor, 2.0. '

Loss on ignition .
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-Loss on.ingition of sediment at Takahamairi Bay in Lake’ Kasumlgaura

Samples were collected with Ekman grab.
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Physiological Dynamics of Materials at the Littoral Zone
in Takahama-iri Bay of Lake Kasumigaura, Japan

Humitake SEKI!

Abstract

The littoral shelf at the inner part of Takahama-iri Bay, the northern bay of
Lake Kasumigaura, shows a climax stage of the maturing process of a lake with large
littoral shelves having depths of 0.5 to 2m. The extensive eutrephication in the
bay is mainly due to the nutrient inputs by two rivers, the River Koise and the
River Sanno. As the ltioral shelves are welldeveloped by the active sedimentation pri-
marily by the inflow of rivers, littoral vegetation has gained a foothold. In the lit-
toral zone, the greatest contributors to the primary productivity are blue-green élgae
and waterchestnut. The dead blue-green algae are resistant to microbial attack and
precipitate onto the lake sediment. Waterchestnut contributes also to the accumu-
lation of cellulose in the sediment ooze on the littoral shelf, because cellulose is mo-
derately resistant to microbial degradation. Moreover, in the littoral zone the secon-
ndary producers are predominantly arthropods, which have chitin in .their exoskele-
ton. As chitin is another modérately resistant substance to microbial degratation, it
can also contribute to the acceleration of the maturing process of the lake towards
a low moor. These organisms, on the other hand, are active and efficient agents for
removing irreversibly the nutrients from the lake water to the sediment ooze, as to
work as a capable negative feedback system to prevent eutrophication of the lake.

These cellulose and other slowly decaying compounds precipitated on the sur-
face sediment formed the primary energy source of the detrital food chain in the
ecosystem as attacked by bacteria and allied microorganisms, that are in turn consum-
ed by predatory animals such as nematodes and protozoans leading up to the bio-
mass of arthropods and their predators especially while the ecological pyramid is
inverted due to the very low primary productivity in certain periods of the year.

1. HikE LPiteR
Visiting Scientist of the National Institute for Environmental Sutdies from Institute of Biological
Science, University of Tsukuba.
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Fig. 1 Sation location in Takahama-iri Bay of Lake Kasumigaura, Japan?
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Fig. 3 Rate of algal multiplication of Anabaena spiroides Klebahn var. crassa *
Lemm. in the latter period of logarithmic phase of multiplication as a
function of temperature!®
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Fig. 20 Heavy neustonic mat of the blue-green algae in situ the lake at
Takahama-iri Bay
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Fig. 21 Waterchestnut as choked up to death due to heavy blue-green algal bloom
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Table | Daily production of waterchestnut in the regions with and without algal

bloom

August 1-10 August 11-20
without the with the without the with the
algal bloom algal bloom algal bloom algal bloom (4

Environmental conditions

Total solar radiation

ik cal m™* day™? ] 441x 10% 4,48 x 10°

Water temperature [°C] 31,7 316
Standing crop

Biomass

[gC m? lake surface] 7 59

Leaf Area Index

[m? leaf area m™2 lake surface] 1.3 1.1

(1st layer) ©.92) (0.79)

(2nd layer) {0.28) (0.24)
Metabolic rates

[eC m™ lake surface day™ |

Gross production* 942 459 7.98 3.89

(1st layer) {8.96) (4.29) (7.58) (3.63)

(2nd layer) (0.46) (0.30) (0.40) (0.26)

Respiration 3.87 3.59 3.27 3,03

{floating parts) {3.65) 3.37) (3.12) (2.88)

(submerged parts)** (0.22) (0.22) (0.15) (0.15)

Net production 5.56 1.00 4,71 0.86

* Parameters of the approximate curves (F and B in Figure 22.) were used for calculations.
** The respiration rate by each submerged part of stem, waterroot and root was 0.78, 0.58 and 1,30
mg CO, g dry weight h™* | respectively, at 25°C of water temperature,

F N S X . NDR | s L “
Table 2 Chemical composition of mature waterchestnuts
Total organic Total amino Total carbo- Chlorophyll a ATP
carbon (nfgC g! acids (mgC g™ hydrates (mgC g* (ug g_‘g dry (g g ! dry
dry weight) dry weight) dry weight) weight} weight)
leaf 206 S 112 103 376 0.74
petiole 205 121 92 14 1.09
stem 176 54 137 39 0.81
root 208 112 104 87 0.15
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Fig. 23 Nutrient uptake per one gram (or 0.45 gC) of dry weight waterroot or
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ncentration for experimental incubation®
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Fig. 24 Sediment ooze in the littoral shelf of Takahama-iri Bay
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Table 3. Turnover rate of cellulose in the lake water of waterchestnut ecosystem

Date Cellulose sta.ndir;g stock CeI]ulol};tic rate Tumover rate

{(mg C/m?) (mg C [/ m? per day) (days)
Auvgust 12, 1978 3460 53.68 64.5
August 22,1978 . 3132 102.37 30.6
August 31, 1978 1397 58.62 23.8
September 4, 1978 474 23.25 20.4
September 18, 1978 269 5.50 48.9
September 28, 1978 280 1.59 176.1
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M 26 kDK NSBEABHTE(a ) & FESI( b )
Fig. 26 Heterotrophic bacterium (a) and bacterjovorous ciliate (b) depending
thier energy source on detritus from waterchestnut (c)

B 27 b OfIEERGIC £ BERT 2 BB ()
Fig. 27 Nematode (—) depending the the energy source on detritus from water-
chestnut
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Fig. 28 Fragments of waterchestnuts on the lake bottom of Takahama-iri Bay
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collected just after their sedimentation
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Fig. 31
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Particles in the watercolumn from the lake surface to the sediment sur-
face. collected on June 12, 1979. The fragments of dead waterchestnuts
are completely decomposed into very small praticles
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Fig. 32 Cellulose dynamics in the lake water?
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Fig. 33 Seasonal fluctuation of dissolved organic carbon (DOC) and diss olved
organic nitrogen (DON)¥

POC Img-titer™)

20—

40

60—

80—
90—

PON {mgiiter!)

5

DEPTH {cm)

20—

40—

60—

80
20

MAY JUN' UL AUG'SEP o CcTINOVIDEC JANTFER 'MAR'APR
978 1979

B 34 MBEAEKRE (POC) & MBRAREELE (PON) OREZH
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Fig. 43 Seasonal fluctuation of the biomass of predominant macroplanktonic
arthropods as indicated by the concentration. of chitin®
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Fig. 44 Seasonal fluctuation of the cocentration of particulate chitin and the
biomass of microplanktonic crustaceans'®
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Table 4. Turnover time of chitin in lake water of the waterchestnut ecosystem

DATE August 22 August 31. September 8 September 1§ September 28 October 9
¢ (days) 0 . 9 . 17 S 27 37 48
Y*(g* m) 2.830 0.799 0.463 0.292 0.240 0.217
avider* .. 0.540. 0.080 0.024 . o008 . 0.003 0.001

T.T.*** 542 9.99 18.17 36.50 . . 80.00 . 217.00

*¥=o265e 007265 ,
>k - 0.072t x ¢ (2.65 ¢ "0-0722.1 1)
dY/ds =-0.072x2.65e Xe

***T T,: Tumover Time
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Changes of flora, vegetation area and biomass of aquatic plants
in the recent progress of eutrophication in

Lake Kasumigaura

Yoshio SAKURALI'

Abstract

Remarkable changes in the species composition and communities of aquatic
plants in the recent progress of eutrophication in Lake Kasumigaura were described.
The environments for aquatic plants were different in subdivisions of the lake,
called sub-basin I, 11, and IIl. The sub-basins Il and III, which recieve inputs from
poliuted rivers, are more progressing in eutrophication than sub-basin I including
the lake centre.

1) Sixty two species of aquatic plants belonging to 23 families were found,
Many species of submerged planis, formerly reported from this lake, had disappeared.
Average number of the submerged species was small in highly eutrophic sub-basins
Il and I[1. Markedly decreasing plants in the most eutrophic sub-basin Il were as
follows: Potamogeton pectinatus, P. perfoliatus, P. Maackianus, P. oxyphyllus, P. pusi-
lus, P. gramineus v. gramineus, Hydrilla verticiflata, Vallisneria denseserrulata, V.
gigantea, and Ceratophyllum demersum. Three species, Potamogeton malaianus, P.
crispus and Myriophpllum spicatum, were dominant in every region of this lake.

2) Dominant species. of three life forms in Lake Kasumigaura in 1978 were as
follows: '

Emerged plants: Phragmites communis, Zizania latifolia, Typha angu-
stifolia,

Floating-leaved plants :  Trapa spp. { T. bispinosa v. linumai, T. incisa, T.
natans v. japonica, and intermediate type), Nympho-
ides peftata.

Submerged plants : Potamogeton malaianus, Myriophyllum spicatum, Pota-
mogeton crispus, Vallisneria gigantea, Potamogeton
pectinatus, Potamogeton perfoliatus.

3) Vegetation map of three life forms was made. A total area of vegetation
was 7.47km?, consisting of 3.02km? for emerged plants, 0.80 km?® for floating-leaved

Lo MRS B e T RE T386 LEMHE3 —15—1
Laboratory of Applied Ecoliogy, Faculty of Textile Science and Technology, Shinshu University,
Ueda, Nagano 386, Japan.
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plants, and 3.64km? for submerged plants.

4) Average width of aquatic plant zone was 61.5m. The width of floating-lea-
ved zone was greatest in the most eutrophic sub-basin I, but the submerged plant
zone was nartowest in this sub-dasin.

5) Compared with the vegetation area tn 1972, the area for total species decr-
eased to 62.1% in 1978. As for each life form, it decreased to 71.5%; for emerged
plants and 48.79% for submerged plants but increased to 252% for floating-leaved
plants. ‘
6) Biomass of aquatic plants in Lake Kasumigaura was 3,974 tons (dry wei-
ght) for the three life forms in 1978, being composed of 3,508 tons for emerged
plants, 127 tons for floating-leaved plants and 339 tons for submerged plants. The
biomass of emerged plants in 1978 decreased to 63.6% of that in 1972, but those of
floatingleaved and submerged plants increased to 2782 and 15793, respectively.

7) The schemes for the conservation of aquatic plant communities of Lake
Kasumigaura were proposed.
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# 1 {ErilokERBO 727
Table 1 Flora of aquatic plants in Lake Kasumigaura

. KAWL D # * © W %
i # % #OE omg ame? umoan® e’
' (1978, 7% (1899 (1958) (1971) 1972
DICOTYLEDONEAE COMPOSITAE * 7 5]
W OF X WM OB Eclipta prostrata a4 Hh % 7 o v + — - - —
LENTIBULARIACEAE 2 X * x i .
Utricularia intermedia a2 2 X F % - + + — =
U. vulgaris v. japonica - X * £ - + + - -
PEDALIACEAE =) 4 £ )
Trapella sinensis v, antennifera = - R — - + - —
SCROPHULARIACEAE a7 oY E
Lindemia pyxidaria T + + + - - - -
Limnophila sessiliflora + 7 RS + + + . - -
GENTIANACEAE y v Koo #®
Nymphoides peltata T + a + + + T+ +
N. indica #H b2d 7 # + + + ~ +
UMBELLIFERAE £ Yy £33
QOenanthe javanica + lj + - - - -
HALORAGACEAE FYs by yE
Myriophylium spicatum s ¥ F /ST HE + + + + +
M, brasiliense & 4+ 7 ¥ =x + — — - -
M, verticillatum 7 v € — + + - -
M. usseriense # F * + + -
TRAPACEAE [ "/ £l
Trapa bispinosa v. linumai 2 b + + + +
T. natans v. japonica A = = P4 + - - +
T. incisa E A £ v + + + + +
Trapa sp. (intermediate type} e oo (b fE A + — — - +
LYTHRACEAE = v ¥ OH )
Rowla indica + H ¥ 7 + - - -
R. Hippuris L S S - — + -~ - .
DROSERACEAE E e B A e Yl <
Aldrovanda vesiculosa IN b + £ - + + - -
RANUNCULACEAE + v oM " o5 O
Batrachium nipponicum v, major ™ A # e — — + - -
B. kazusensis A s 4 HOx - + — —
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Table ! (continued)

1 (27&)

£} &

Ao
fE H M
(1978, 19)

w1
(1899)

B &

s ?
(1958)

o

w®

Hirg - a1l
(1971)

g
(1972)

MONOCOTYLEDONEAE
B F OE B ¥

— 888 —

CERATOPHYLLACEAE
Ceratophyllum demersum
C. demersum v, quadrispinum

NYMPHAEACEAE
Nelumba nucifera
Nymphaea retragona
Nuphar japonicum
Euryaie ferox
Brasenig Schreberi
Cabomba caloriniana

PONTEDERIACEAE
Monochoria K orsakowii
M. vaginalis v, plantaginea

COMMELINACEAE '
Murdannia Keisak

LEMNACEAE
Spirodela polyrhiza
Lemna paucicostata
L. trisulca

CYPERACEAE
Scirpus juncoides
S, triquetra
8. lacustris subsp. creber

-

A

m

Eleocharis acicularis forma longiseta

E. Wichurai forma Tsurumachii
E, mamillata
E. Kuroguwai
Fimbristylis aestivalis
F. littoralis
Cyperus difformis
C. serotinus
GRAMINEAE
Anundo Donax
Phragmites communis
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Table | (continued)

1 o H Fo8
ABED & £ a2 " 4§
k2 4 o8 pu®  mme®  wmeos’ s
(1978, 79) (1899) {1958) (1971) 1972)
GRAMINEAE (continued) 4 F*2 B{(>3&)
Leersia japonica T D # B + — - _
Zizania latifoli - a = + + + - ¥
Paspalum distinchum FYavAXS /BT + — — — —
HYDROCHARITACEAE rF oHAOH OIH
Hydrilla verticillate 7 o, €, + + + + +
" Elodea Nuttallii CH - S A + — — — -
Egeria densa + A h F ¥ + — — + +
Vallisneria denseserrulata a9 N 4 + - + + +
V. gigantea € & ¥ a2 v o® + + + + +
V. gigantea v. biwaensis * ¥ L £ + — — - _
Blyxa faponica ¥ + ¥ =z 7 % - —_ + —
B. echinosperma 3 7 -4 — + —_ _ —
B. Shimadai FH XY 7 — — + — _
Hydrocharis dubia b L F A AR + + + i +
Ortalia japonica X+ F st o2 - + + .
ALISMATACEAE F ¥ ¥ n #
Alisma canaliculatum ~ 3 F ¥ & A — + + - -
Caldesia parnassifolia EA LA N ) — + + — —
Sagittaria pygmaea vy o9 + + + — -
S. triforia E R S + - + — +
NAJADACEAE i FA T | £
Najas maring I 3 £ - + + + +
N. minor b I & E3 + + + — —
N. foveolata Fa o~ by o E — — + — _
N, ancistrocarpa FN + v £ - - + _
N. japonica 4 F 0 ¥ = - + _ -
POTAMOGETONACEAE E o o4 ¥ oo F -
Potamogeton distinctus E s A . + + + — -
P. gramineus v. gramineus ¥+ 4 I £ % + — — _ +
P. getandrum v. Miduhikimo : X e F E — + + + —
P. perfoliatus E g /T OB ® + + + + +
P. denratus oy oy ¥ 7 - - + — -
P, maloianus + e £ + + + + +
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Table | (continued)

: A £ o # &

— 58¢ —

K EHED .
i £ & - OB A my® s oeese®  msa’
. (1978, 79) (1899) (1958) (1971) (1972)
POTAMOGETONACEAE (continued) b b 4 O # (3% .
P. crispus x [ ES + - + + +. +
P. oxyphyllus ¥ + ¥ . = + t — - —
P. pusillus A b . ® + + + + -
P. Maackignus + v = ¥ % + + + + +
FP. pectinatus J a % / kb 5 % + + + + '
P. malainoides T4 /2L LLin - - — + +
P. biwaensis s M- P - — — + —
P. compressus r v ¥+ F x — . + - -
P. anguillanus 4+ A+ 4 4 v — = — + -
P. nakamurai P + ] ES — — — + —
SPARGANIACEAE z 5 Y i3
Sparganium erectum : Z 1) + - — - -
TYPHACEAE o 2 ¥ )
Typha latifolia bl - + + + — -
T. orientalis o ¥ - + - — — —
T. angustifolia e # ¥ = + - + - +
PTERIDOPHYTA PARKERIACEAE 1 X 95 ¥ H _
A ] Ceratopteris thalictroides i %X 75 + — + - —
MARS'LEACEAE ? -/ :/' } lj ﬂ B .
Marsilea quadrifolia F v g oy - + + — -
SALVINIACEAE H v ooz mER :
Salvinia natans T - — + + — —
Azollg imbricata T H a7 o 4 4 — + + - —
A. faponica A AT AT RS + — - - —
. BRYOPHYTA RICCIACEAE ) FY =5 r ¥l
o2 MY Ricciocarpus natans 4 F 209 %5 & + - — - -
CHAROPHYTA CHARACEAE : ] N
HOoE&EY Chara brawnii 7 -/1' +/ .;7 ;E t': - + + - +
C. globularis P N - - + - -
C. coralling 4 v o+ ¥ 7 oE — + + - —
Nitella hyaling A+ 2 7 3 2 £ - — + - -
Nitella 2 5 2 £ — + — — —
Nitella 4 ¥ 7 5 = £ — + - — —




P

—HA, #WECEEsE{, SO00BRETHL TIHGINBLELTE, KH 2B, KEIZL
TEGEBSR LT AGEMSERTE, RER TR TS, 14y, v, £4T7YE,
BEMYTEA =Y, e YEPME, hAKENTRIAFTFEBICX VL E, BEBEBTRT
AUFTY, AATHOFIY, BLOAFav 0T rsbdons, ChoDd b, Mk
BLUNAEHCRT 2813, SECLCANHREILDTHSL TSN, £ VEO2EE, &
EORBEOBEHDOT THACRERET LD 2B LB LU -TE, EanF FELAZ 7Y
i, AFEOBEOBEHESL KB EONHBELRLDOH2MUEATH L, CH LD
T, # (4—4) icik~3,

3, KEWEYHZEOEMER, B5E, LoUCHAILST 32N o0 MIgE

3-1 WEOKBESE

1978 4208 A& 9 A, T &tRBIO—BIK>NT, MEROBLE2 ~3km B3IC
L AT, AFSHAILDNT, AEMESOBMLEEE L, BETEE, SHAT W
R DEAIERICE » THU 2@H30mDHEEE L, CORICER T SKEMG OB I,
W, WEMAN, ST AKELLEAE, 8L, BEMAR RLKRELekdK, Bril
OEEEARE (NR), 8 (NL), &URE (NM) KHY, ERENOMEEOELDH 5O
EE TR LN, ShBEOWER, k2 OBGRICL-TED LI,

B 1 e WEHREOEEE L 3 0nElMANK S

Fig. 1  Distance posts of shore line and three sub-basins of Lake Kasumigaura
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Table -2 Coverage class

B % R # (%) | B om
4. 76 ~ 100 4
3 51~ 75 ° 3
2 26 ~ 50 2
1 6~ 25 1
r 1~ 5 0.2
+ 1 BI7F . 0.04
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Fig.2  Frequency distribution of the number of species found in 35 investi-
gation sites of Lake Kasumigaura
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Table 3 Species composition of aquatic plant communities in Lake Kasumigaura

-y

Wl 20ZHN | i LN S ) * e s 2 0. a s s oo+ . s — u s s 8 s s 0 e @
N OET NN o 8 + + & & & @ * 4 & & s s 0 @ s o 8 s e » ® 9 & & & 0 & @ ~N oo
ﬂ“ BYIHWN |8 + & & & & @ " 8 & & % & 8 @ o+ + + . ¢ o + o+ & ¢ & & & @ [V - )
DU PITAN |8 =2 - e e e s @ + & 8 —~ @ -+ + o+ o & + + o ¢ 8 0 0 + 0 0 i NEPS
« | 0’8 KWN 9n m < 2 ¢ 8 @ ® & S & B 9 9 - & @ . s 8 . e & & o & & & N -
S| s+ WN |8 =z T o~ e e & e e + <+ 5 e 8 8 “s s 0 » e s o 0 s e e 4 b s s s T N o
| gg WN | o5 NN e e e * & » a9 s s s L I T I ) *» o 2 @ e s s oo oo
mm 0°9% N 9m M + & o o & @ * & & & & 2 @ @ e & @ "« & 8 @ « & ®» & & & 8 L]
=l zepaN o2 = <+ 8- uew ¢« s o 0 8 + o8 " oe e @ * e s o R EEEER w .-
B 0BEHN | M N e 8 e s 8 o 2 % + 8 @ o+ + 4+ + + . 0 8 — & » & @ ™o @
N SELUN | @ = —~ e e & ® " v s 0 8 0 . o=+ .8 e s & & + 8 v & @ S w
T fitdN |ovw b —~ s e e LR I T I T Moo=+t .8+ + s 00— s 0 s S >~
| $87 AN -] m. . a8 & @ LI BEE B B I I R + & @ @ ¢ s & @ * 2 & 0 8 & » - —
Dl ggzEUN [ M SN s e s eI 2 + e 0 @ e v e e L I I T ¢ 88 8+ 8 @ o e ™
| 06TYN | onee % <+ & & @ » @ 2 0 8 & & & 8 @ ~ + + . e o + a e o o a8 8 & » @ v o+ o
S| LFTHUN | o= p= o + + & » + " s e s+ e e .+ + + . o + + I R ™~ oo e
o | 8'0T YN o a.u. - e e ® < # & & & & 8 e 0 ” 8 & @ R ~ T~
o | 01 IN ooﬁ. 2 — % <+ & & @ e + & + & 8 » @ — 4+ ® ® » & s + LI L B A L B o o
e~ ¢4 N S M + — & & & e » & & ® & " e o a2 = L I I ] e s 9 8 & & & L = I
w| 99 YN | =& m NN e e " s ¢ 8 8 0 8 e v o » s o e o e s & 4 8 8 & F e o~
w09 UN | =& o+ e e e o o 8 & & 0 @ a s e @ e 8 s o a & % 8 o L ==
=~ | £7 ¥UN w0 5 % * 4 S & 8 # a 8 & & & 8 9 @ e e + & + ~ & & + 8 8 ® 0 o8 B~ -
e 0T UN |0 G o - ® 2 8 0 » <+ ~ 8 8 % & 0 @ e e 8 0 « e s 0 e " " 8 b e s ~No~No
g AN | R m LR R S ] « + & < 4 2 s 8 -+ e e L 'Y " & & " " 8 8 e -~ T o
*

~ 1 0 dUN e m t1240 . o . & & <+ & & 8 » N — e e e & & + LR T T B I B ) &0 v
H * = S L ANXNEB R ow K LG WOl w WO W W Wb e
[z — — (m\ A . N Lot e o +
w| B 2l wE R N A O I O T N S S AN SN SN

&= — n - =5 + A= ~ ~ 7 Lo~ 4 .ﬂ/ ~ L] FFS
Rit & — X -, o IR ..ﬂu%; LN 4 #* ._uﬁ.n/.. ™ - 4]
2 < o | oy D ; s g ® T ox +

P 3 o mPrau oan L T Al N B S LS S N ) n & N ¥ % b cn
pes - b =

= =

wH Rl o |Exes (m BHOES (&) € ® 8 (w)

o

£

7N

*

: I QEBEEIC DT 1ITR LA
o omhDWIEIEBERR R2) %

e




Qe 3@ E R FEAT o s @ =~ i aTmxTEs 23 w o— e
o 0 L | o s o s . .. s . - + & o &~ .+ e e Vi
10T IL | R - TR . + o @ . . e s s o + . ~ . s <+ o
Dozl | =5 P o8 s . + o = . . L R .+ + & = + = ™
Dler 1L | =R S « o 0 = . . s s . . + & o 8™ .+ —~ s & ~ o
w1t 1L | o= = -~ . . + + o . . " e s 0 . - .+ e @ v e,
Sloe 11 | o port « & a4 @ . ¢ + . . " e a a s . LY o
@] 0 IN | o = . e s 0 . e 0 e . . <+ o @ 8 @ .+ . s 0 .o
2lyo IN | =8 3 N ] + + o + L + + + a4 + e + — e & ™ polaci-N
SlL1 IN [ =8 o Nt - . .t 0 o . N~ e e * ~ + o + o2 @
Clogp IN | o 3 e * 0 e . . .+ . . n e e e w .+ L T o o™
Dl legr IN | oo o R B . " s o . . N+ - e .~ - . o S e~
“ O.m .HZ L L .‘ * o L ] s & 9 - L ] e o & 8 & L ] .. * & o o o o
F|8TIIIN | e Z N e . LI . + N+ o+ e + o - & ™ oo w
QISSTIIN | o & —~ 8 o ® . « o a . + + & + @ + . e . a0 wvi o™
“ 061 IN == m <+ & + @ - s o a [ L) o+ + e + + ® + @ @ o0 o O
FIOCIZIN | P + T e » . LI I . . + & 8 — + . -+ + & = =~ N
K| sETIN | o8 = n— s e . ¢ e 0 . . ~Nos t+ e F . ~ L ) -
LISHIN | o3 = mom e e . " e . . - 8 8 @ .+ “ e e T e
Sl g8z IN 3 —_n e e . s o o - - s s 8 0o ® . e . o N oo
BITEIN |3 =+ e e . . s . . — . s 8 @ .. s . Wit e
“lezeIN | =& ! NN e e [ . s . . e 0 o + . .. ~ N e
I | ¢'9f KN [ m e T 8 = . . e @ . . s s 8 8 8 P . o =
Sl ocenN | & b + e @ . L ] . . * e 0 0 . e " e e
2 Q.OME.Z o 0} M T ] » I ) . - —~ ® & a @ . + a * @ + o e
m | BBZWN | o8 =S + + & ® . LI} . . - ¢ 6 s @ . @ LY -
S| gsTWN o) _,nuu « ™. e - <+ o ® . . LI B I T . . LI I ) NS
SlostuN | =8 “ e o s o . . o . . ~ a8 & O . e . e o - o e
R VEINN | o F pot + 0 & ® . LI ) . . + & 8 o @ .. L oo
S| SZZHN | o8 . s 2 . * a . . " s s s [ . e e oo o
2] 60THN | =g = - e & ® . " v e . . * o o a @ . e o 0 -0 o

— 239 -




# 4 FEr o 3 DOWBEOTEN I BT 5 LMD O E B
Table 4 Average number of species of aquatic plant found in the investigation
sites of three sub-basins of Lake Kasumigaura
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Table 5 Frequency of appearence of aquatic plant species in three sub-basins
of Lake Kasumigaura
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Table 6 Dominance of aquatic plant species in Lake Kasumigaura
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Table 7 Community area (unit:a)of three life forms of aquatic plants in Lake
Kasumigaura. 1978.

PO (I3 oA Mo& mEEN N F

I* I A T A T
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B 8046 1171 437 5809 239 390
K EY 36406 23270 8829 4030 0 277
& =t 74691 32591 17563 19596 2986 1955

. FRRN B CNENOROOATLEZRALTE S,

5 8 B 4 i K EAEIRETE O LR
Table 8 Average width {unit:m) of aquatic plant communities of three life
forms, in three sub-basins of Lake Kasumigaura
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S Pt LS
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Table 9 Comparison of type composition of shore line among three sub-basins
of Lake Kasumigaura, according to their characteristics of aquatic
plant communities
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Fig.3 Ratio of types of apuatic plant communities according to their life

‘form composition
Patterns on the upper part of the figure mean, from left to rlght community of

emerged plant, floating-leaved plant, submerged plant, and without plant, respectively.
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B0, 1978 £t 1972 FOMGTHROEBERII > TS, LL, TOX3UELE, £EL
T, RAKIESBR LMAERERORLICIZLDTHY, WEDHEHKEMAR LD 6 £/, £
PENIBTHETLE HIEF LTO B, CALAEIC, FREMHBEOERE, 6256
WaLTHAAMEE SN E, BHOERECHE S mKkEHoR D & BEEYomL, BH#-

% 10 8 4 WIC B A AKEREEE Ok SRS R (B0 e ) DB L1972
C E197BENE
. .. Table 10 Comparison of community areas{(unit:a)of three life forms of aquatic
~ plants in Lake Kasumigaura in 1978 with those in 1972

1978 1972 A
—x 100

(A) (B) B
ok H OB 30239 42300 71.5
2O O OB B046 3165 254.2
w oK B9 36406 74780 48.7
A #t 74691 120245 62.1

— 245 —




HIB ST B IUARGY) nEsEELTOA LI, ~BAULER TH L, BrlicsnT
LADDTHETH . | | 1
1%2¢¢1ms¢mﬁ£&%.m@m&ﬁmmm%ﬁwosmncémﬁﬂb,gﬁ@muﬁ
FA3IDOEFHOHBEROEMBELLLELHENDEINE L, TihH, HaoEGiloky
MEkRBBLERTREORICH, R10:2{ A—0MANAGH, HECE Y IEBOKEED
BEOEROE(SPEOEOCERICH L - TE - TVAT & A FE LT Bs
WA, Tk S LN OE G TR DE L, éémm&tﬁm@3ﬁ®ﬂﬁmewxémﬁ
ﬁbfw%b%&ﬁﬁéfm,%ﬁﬁ®ﬁ¢ﬁ®05km®$u cam.ﬁmmgﬁ%mwtm&
@%&E%ﬂ%b BRI IR R AR 1, RI3NEDRRTHB. COBBICH, #

= 11 & v BHOKEMBEERINEED 6 FROE(—#E£ 0.5k F DX
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Table 11 Details of the change in community areas of three life forms of
aquatic plants within recent 6 years, 1972-1978, in Lake Kasumi-
gaura.
ARE ﬁﬁ%xl BEOS | Eleonw| #Mmir | HbLx
CRBR | 2REN |K B M| XEH® | KA H
Mok ' 29 214 157(73.4)* | 24(112) | 33(15.9)
A A 243 199 44 | w2y [ 41932 U 4.5)
ok A ' 42 201 29(14.4) 47(23.4) 125(62.2)

ﬁﬁ%@&%ﬁ@ﬁ%@&&ﬂ@ﬁmﬁﬁa%ra%o
mmﬁoﬂﬁm&#mexa

# 12 FREAEYBE L EAR O R o> ST S it
Table 12 Criteria for the evaluation of the degree of change in community
area of aquatic plants

£ o B K- e H
FLOBEHER LA +35
3fERl bism L +3
2850 bicsm LA *2
LRl +1
ZAbptiin 0
PR L7 -1
At Lt -2
Wiomd L -3
B msE L -5
72, TBEE L HICEHEA L 73
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Table 13 Comparison of the degree of changes in community area of thrce
life forms of aquatic plants, among three sub-basins of Lake Kasumi-
- Baura, within recent 6 years, 1972-1978.

: % 0 b e *
Wa ole X|BEAEX §§m§ ﬁ%&ﬁ /¥ ﬁffi o /N
K @ | (KEHK = e
(x) (2) (8
** 88 16 72 13 018 23 0.32
K 4 4 ] 68 8 60 3 005 27 045
m 65 5 60 - 8 0.13 49  0.82
I .. 88 76 12 . 42 3.50 0 0
HEHD Ii 68 64 4 20 5.00 0 0
Il 65 48 17 69 4.06 ’ 0 0
1 88 8 80 " 43 054 121 1.51
ok B 3! 68 8 60 30 0.50 153 2.55
‘ 11 65 16 49 43  0.88 126 257

T +FRISDEEICL-T EXEILICRALBEDEF M,
wr SRR 5.5 O/ EFN DA O DAL IZERA L 72,
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RIBCENE, 1972 FELEO 6 EMIC, MABHRT < TOPRICLBLT, B UM% L
B> T 38, €OENBKICEHREAOOBZNTTE L. 20T &, SURTIREKRY O #
RSN EOHE N (HB8) KB T, RESHMLOBR L HETLERELTVS, I
KIS 23 POMRAICEOTENE OBLPEA-THY, BCHR T HLTTEEOTHD
DA BE L, 2000 T, HRIKCBWAHRAKEAOHNEROAEN T ENERS NS,
CHREELELT, BREAVDERTHOY Y NE@ EHEOL A (MEWBR) CLEbDT, T
DT EEDNTHEBRICE 2 Tl 5, BEABICOOTI], Mgmased L Kiliste <,
+TRTOMATHMOS2H 6h, M1 BL0 1BV TEOBEABAE TS 2,

LitoRg s 3k, TTEENEECHEERIC, 1972 ELBDOEFMK B 3G r oS
BILOETEE - TOERINLEDERTRETHA S,

5. K&EEpOREFR

5—1 AEORIEEAE
KEMBOREREWET 2103, FTFHOEHROBRBESREIOTVE9 A L0, HA
DEFRT, *NFNOEEHNCESTZ N 260FIO2VT, R2OBELIVHERRICEST L
EEBEAT, lmx 1 mOHFESANRD 2B, BUERYo0RERLZ KD (F14), o
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Table 14 Biomass of aquatic plant communities per unit area in Lake Kasumi-

gaura. Sept., 1978

. . e g o £ 75 B R
wan | ow v & el R | Celen Coim FHED
NR-2 9/8 2,020 1,010
5| NR-2 9/8 2,060 1,030
3 P
##h TL-3 9/9 2,200 1,100
TL-3 9/9 3,200 1,600
% NL-0.5 9/7 4,500 1,035
. . =] | NL-05 9/7 3,250 7475 4 116
i NR-14.7 9/8 4,500 1,035
TL-3 9/9 3,250 747.5
% NL-0.5 9/7 8,700 1,392
# <1 | NL-0.5 9/7 6,150 984
TL-3 9/9 13,150 2,088
+ = v v | KL9 947 3,250 325
z T4 - & D f | NL-04 9/7 2,630 158
. ook A %[ NL-04 9/7 2,217 133
¥ W OHE O #® E|| NL-04 947 2,100 126 16.1
7 ‘ NL-19 9/9 1,770 195
HH oo J&[ NR-2 9/9 1,014 111.5
# Jaw /b4 T | NR2 9/9 800 80
#® 15 HIEMSE L AR O ¥ E RS RS A

Table 15 Biomass per unit area (dry weight, kg/a) of each coverage class of

floating-leaved and submerged communities of aquatic plants

% B MR BiFR (% kg/a)

4 16.1
3 11.5
2 6.9
1 2.9
rr 0.6

WS EICLT, TRENOREBRROBERZIDE (R15) « COBE, MARBREICDL
T, TNTHEMERL B0 L, $RERTLORT~DREICE, 1972 FOHICS T3
BRI DOTRE Ll S0, —%, BHICED ZEEE, & &Ik~ 1 HAD 1 O
BEEIC S ESNT, BAENOS £ OBREIC-0 THEBREHE L, EH5ICELERLOBE
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5—2 ﬁ#ﬁm*&ﬁ%mﬁﬁﬁaﬁﬁmBﬁﬁuﬁﬂéﬁw

1978 % 9HL@KMEbta#ﬁmmiﬁ%wiﬁm%%ﬁﬁ%,1%2@@@%mmﬁ&®
FRTAE LR e ot L TR RIODE 515,

THbB, g&mwu1ws¢m&%%w%k@w %EKLT%MWtQKEm%m%ﬁﬁ
mﬁonocn&ﬁ&ﬂ%ﬁﬁ%bu?nmw7kym&mo 2 OARRTH AR 5 28.9 kg/m
(883 %) 2w, BEMDIZ1L0kg/m (3.2%) , thkEHI28kg/m (8.5%) &35,

1978 OB/ MOKERNORERE, 1972 £OMERICHET 5 &, 25K E LTI 68 8%
Kﬁ&brwaocnmtrm4—4fﬂ«t¢ammmﬁ%®ﬁﬁﬁ oY (R LLEY
DTH»T, BEMBTREEERSEO L2 LAKIC, BERLRIZ28HFCHMLTVE,
fo, WAKHETS £OTMREBLECERMLTOEK b bbb 6T, BEEE L5 ERICHNLTO 3,
CoER, ﬁ@ﬂ*@%%&ﬁﬁ?LT&KE%@E&EPﬁ%%&bfﬁﬁmtéétém
—ﬁfﬁ&$1(4—2)ﬂ“6¢OK FHNE, R¥WEs THE, It%m& WL B
%0<6§%§mﬁmﬁoxﬁbﬁammonc&ﬁ@@t%Abnac '

# 16 5 (FH) OKRLEBONEE (R, 1)
Table 16 Comparison of biomass (unit :ton, dry weight) of three life forms of
apuatic plants in Lake Kasumigaura in 1978 with those in 1972

1978 C 1972 a

(a) ) X 100
ok 3507.7 . 55159 - 63.6
HEEWD 127.2 45.7 ' 278.3
X _ 339.1 216.3 156.8
& it 3974.0 57719 68.8

7 I9TMED AR oD 1Kk B,

6. EECLHIIKEEDOBOFHEOHRIANEHLIZO>NT

COETHDECATH, BYBOKERBICDNT, HEER L URERICHOLOIENEL,
EERMOLRLVTRELTE L, COMETE, B+solEBr20 Tl +0d 5 BHEAE, #HEs
BEIH-THWROOT, TXTORK DO TEEOLIUZRKIIATHRTH A8, BEMHL LT
KB O—BOEIC DT, 1972 FLLES B ITOMIC, W 220RBT L EEE
L,
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Fig. 5

e e s =y

T BOBEAN BRI A SR =2 ORBEE (hdt, ®kA) 2o
PP ER D & CHLKREMIRETE (EE, BEE), —I1972FE8 H, ~J a7y —
IR * %

Hoating-leaved communities of Euryale ferox(center, light colored) and
submerged plant community dominated by Egeria densq (upper left, dark
colored), which were once found in the inner most part of Takahamairi
cove. Aerial photograph, Aug., 1972.

A 19728 8 A, A=A KREEHE

A Large community of Euryale ferox in Aug. 1972.

o HOBmEAD BRI A LN S EMWBEEOLFIC BT 2 HFLEL
R —35AT & s L 72 B,

Remarkable changes of communities of floating-leaved planis observed
in the inner most part of Takahamairi cove, Lake Kasumigaura. in
recent years
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19784£ 8 A, A = ~ANBEIIHHhacZE T A5 2 (BPRHR) ofEd
EE o, FLT, TOLHRIICREFELILZT A D
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The site of A had been replaced with the large community of
Trapa sp. (intermediate type) in Aug., 1978. And the Trapa
community had been covered with drifted ooze of Microcystis sp.,

and died,

C19794 8 F - ) L BN IERUED L AR b 4 CEGK e A -
72,
: Same site in Aug., 1979. No floating-leaved and submerged plants
were found
5 (o7E)
Fig. 5 (continued)
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Fig. 6

BT, 1978%.8 F, @y BEIEAY IS TR,

ALE, B 1#k# bk - o5k,

Trapa sp. (intermermediate type), collected in Takahamairi cove, Lake
Kasumigaura, Aug., 1978.

A tleaves. B : fruits, beared on one plant.
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Fig.7

KEAETIZ S D+ ko 2288 o BROREIC 1 20 AL bz b7z » THEE
A b 172 4 FED K A il o g A Al

A TR
B:tki
C.HH,x
D:R¥x/74x

Land forms of four aquatic plants which were found to grow on the
sandy beach, leaved by the fall of water level, in Lake Kasumigaura,

Aug., 1978

A

Nymphoides peltata

B : Trapa bispinosa v. linumai
C:
D : Myriophyllum spicatum

Potamogeton malaianus
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Fig.8 In a experimental aquarium, land forms of Potamogeton malaianus{A)
and Myriophyllum spicatum (B)have grown typical submerged leaves.
Photograph after one month.
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Fig.9 Schema on the changes of aquatic plant communities following lake
’ eutrophication
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Plate 1 Vegetation map of aquatic plant communities in Lake Kasumigaura
according to their life forms -—— August 1978
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Plate 2 Vegetation map of aquatic plant communities in Lake Kasumigaura
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Vegetation map of aquatic plant communities in Lake Kasumigaura
according to their life forms — August 1978
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Vegetation map of aguatic plant communities in Lake Kasumigaura
according to their life forms —— August 1978
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Plate 5 Vegetation map of aquatic plant communities in Lake Kasumigaura
according to their life forms —— August 1978
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Plate 6 Vegetation map of aguatic plant communities in Lake Kasumigaura
" according to their life forms —— August 1978

— 274 —

)

1



UK 7 &4 @OKEHEMBEED LB L 2 H4ER-——1978F 8 A
Plate 7 Vegetation map of aquatic plant communities in Lake Kasumigaura
according to their life forms ——August 1978
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Plate 8 Vegetation map of aquatic plant communities in Lake Kasumigaura
according to their life forms -— August 1978
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Plate 9. Vegetation map of aquatic plant communities in Lake .Kasumigaura ;
according to their life. forms — August 1978 - .
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10 Vegetation map of aquatic plant communities in Lake Kasumigaura
according to their life forms — August 1978
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Budget of Nutrients at Takahamairi Bay, Lake Kasumigaura
Morihiro AIZAKI, Akira OTSUKI; Senichi EBISE. Yoshinari AMBE’

Toshio IWAKUMA and Takehiko FUKUSHIMA' :

Abstract
Budget of nutrients (P, N} at Takahamairi Bay of Lake Kasumigaura has been
“investigated. The studied area is about one sixth of the lake and most eutrophicated
part of the lake by the inflow of hightly polluted river water and man’s activity such
as fish cultivation. We divided this area into two zones, zone A and zone B. Zone °
A is the most inner part of. the bay with 3.87 » 10 m? in area and 1.7m in.mean:
depth. Zone B is the main body of the bay with 16.55>10° m* in area and 3.4m in
mean depth. The main sources of nutrients are three inf"l'owing polluted rivers,
feeding for cultured carps and atmospheri¢ fallout- - Diurnal mean nutrients loadings
; from these inputs were estimated to 170-215 mg.N.m™ -day”! and 18-24 mg-P.m2..
day~! at zone-A, and 60 - 90 mg-N-m'z-daS{“ and 5-6 mg-P.m=2.day™* at zone B.
Diurnal mean outputs with outflowing current from zone A to zone B and from
zone B to the main body of the lake were’ csumated to 85 140 mg-N.m™=.day and
11-12 mg-P.-m-2.day! at zone A, and [8- 35 mg- N ;m; 7*-day™*-and. 2.6- 4.0 mg.P.m-
day™ at zone B. The fresh sedimentation rates wcre esnmar.ed atr32' 35 mg.N.m-
day and 5-6 mg.P. m‘2 day*I at zone A, and 24-30 mg- N'm—2 day™ and 3-5 mg.P.
m~2.day- at zone B. ‘The most characteristic feature of this lake in the cycle of the
nutrignts was t’he importance of nutrient supply by feeding for fish cultivation.
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1 BEoEBIREANCBITERFEERNE, AV, 197856 A~ 19795 A,
Table 1. Budget of Nutrients at Takahamairn, Lake Kasumigaura. Zone A.
Jun 1978 - May 1979.
Period lnﬂm;v & 3Outflglw R.T.l) ltem Load {mg-meday™™) L!qs-zl) Standing Crep Ou_tg'low o Accumyzlatim!?) Sedi:pzem.“_)l
(x107-m*+day™) (day) River | Rain | Fish Culture | Sum Mz | g1y | (meem®) (mgemi7? day™)| (mg-m™ -day™") | (mgem?-day™)
River 132.2 | 474 TIN 45 1.2 54 100 2.8 0.19 328 7 14 -
June—Aug. | Rain 5.3 TN 80 1.2 67 148 4.2 1.74 2923 62 7 -l - 620(4T)
1978 | Total 137.5 PO,P | 6 | 0.2 0.7 68| 0.19 0.08 143 3 -1 -
T-P 10 | 0.12 13 233 0.66 0,32 534 11 -2 36 (7)
River 2298 26.8 TIN 95 2.2 32 129 2.1 0.93 1555 58 -10 -
Sept.—Nov, | Rain 13.4 TN 148 | 2.2 40 191 3.0 2.13 3595 134 22 480 (36)
1978 Total 243.2 PO,-P 7 1011 0.4 1.5 011 0.01 17 0.6 -0.1 —
T-P 13 1 0.11 8 21.2 0.34 0.19 315 I2 -1 72 (5)
River 187.5 33.3 TIN 112 1.8 0 114 2.3 0.40 667 20 "2 -
Dec. 19.78. Rain 8.1 ™ 124 1.8 0 126 2.5 0.94 1580 47 10 - 216 (16)
Feb. 1979 | Total 195.6 PO,P| 6 |099 0 70| 0.4 0.004 7 0.2 0.07 -
' T-P 11| 099 0 115 0.23 0.14 231 7 1 54 (4)
River 245.4 251 TIN 141 | 29 20 164 2.4 0.52 868 35 -8 -
Mar.—May | Rain 14.0 TN 182 | 2.9 25 210 3.1 1.45 2451 98 -3 . 370 (28)
;1979 | Total 2594 PO,-P 7 |0.06 0.3 74| o1 0,008 13 0,5 i =
T-P 14 1066 5 18.7 3,28 Q.21 160, 14 -2 B0 (&)
River 198.7 332 TIN 98 | 2.1 26 126 2.3 0.51 855 30 —0.01 —
June 1978 | Rain 10.2 TN 134 | 2.1 33 169 11 1.57 2637 85 -2 424 (32)
. May ].979 I Total 208.9 PO,-P 6 (01 0.3 6.4 0,11 0.03 45 1.1 -0.03 —
) T-P 12 1o 6 18.5 0.34 0.21 360 11 -t T2 (6}

1) R.T.: Retension time,

2) LP/gs: AVverage concentration of inflowed nutrients:

3) Diffetence in standing crop of nutrients between seties of two seasons{90 days.

4) Sediment.: Sedimentation amount calculated as sedimentation rate of 0.4 m-day™;

)

: Sedimentation amount calculated as’sedimentation rate of 0.03 meday™".
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Table 2. Budget of nutrients at Takahamairi, Lake Kasumigaura. Zone A.
Jun 1979 - May 1980.
Period Inflow & Outflow RT. | [iem Load (mg-m™-day™) Lfqs Standing Crop Outflow | Accumulation Sediment.
(x10?-m?-day™) (day} River | Rain | Fish Culture | Sum (mg-171) (mg-1™") | (mg-m®) (mg-m?-day ') | (mg-m*+day™") | (mg-m*-day}
River 120.1 | 50.2 TIN 47 | 3.5 36 87 2.6 0.10 176 4 25 -
June—Aug, | Rain 9.8 TN 86 |3.5 45 135 4.0 1.30 2192 77 22 480 (36)
1979 | Total 129.9 PO,-P 6 |[0.1 0.4 6.5 0.19 0.06 99 2 -0.8 —
T-P 13 | 0.1 8 21.4 0.64 0.36 612 12 =37 120 (9
River 376.7 16.3 | TIN 226 5.0 22 253 2,5 1.42 2392 147 —4 -
Sept.—~Nov. | Rain 22,2 TN 281 | 5.0 27 313 3.0 2.46 4138 254 -13 416 (32)
1979 | Total 398.9 PO,-P B | 0.04 0.3 8.3 0.08 0.02 29 2 0.2 -
T-P 22 | 0.04 5 271.2 0.26 0.17 279 17 -1 58 (4)
River 213.6 29.7 TIN 131 | 2.1 0 133 23 1.22 2046 69 -5 —
Dec. 1979 | Rain 5.8 TN 170 | 2.1 0 172 3.0 1.75 2938 99 -0.5 212 (16)
Feb. _1.930 Total 219.4 PG,-P 6 |0.05 0 6 0.11 0.006 30 0.3 -0.02 -
T-P 12 | 0.08 0 12 0.21 0.09 153 5 0.6 34 (2)
River 262.2 | 233 TIN 176 | 4.3 20 196 2.7 0.94 1572 68 -9 -
Mar.-May | Rain 17.3 TN 210 | 4.3 28 239 33 L72 2893 124 -8 312 (24
1980 | Total 279.5 PO,-P 14 | 0.12 0.2 14.3 0.20 0.005 8 04 0.2 -
T-P 18 | 0.12 5 23 0.32 0.12 208 9 0.02 46 (3)
River 243.2 25.4 TIN 145 | 3.7 19 168 2.5 0.92 1547 61 2 —
June 1979 | Rain 13.8 TN 187 | 3.7 24 215 3.2 2.06 3461 137 0.1 456 (35)
May—l980 Total 257.0 PO,-P -3 | 0.08 0.2 8.2 0.12 0.02 37 1.5 -0.2 -
T-P 6 | 0.08 4.5 20.6 0.31 0.19 312 12 -1.0 68 (5)

(r
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Table 3. Budget of Nutrients at Takahamairi, Lake Kasumigaura. Zone B.
Jun 1978 - May 1979.
Seriod Inflow & Qutfldw BT | 1em Load (mg-m2- day™") L fas Standing Crop Outilow Accumulation Sed_ii;nem 1
(*x10%-m?-day™") {day) River |Rain | From Zone Al Sum {mg-17) (mg+ I'1) | (mg-1" |{mg-m™?-day ") |{mg'm?*-day ") (mg-m™-day™)
River 921 | 220 | TIN | 24 1.2 2 27 1.8 0.08 259 1.2 5 -
June—Aug. | Rain 215 TN | 35 1,2 14 51 3.3 1.02 3445 15.6 5 376 (28)
1978 | From Zone A 137.5 PO, P 22 D12 0.7 3 0.20 0.06 218 1.0 -1.2 -
Total 252.1 T-P 2.8 [0.12 2.6 5.5 0.36 0.19 622 2.8 -1 52¢4)
River 88.1 | 143 | TIN | 30 |23 14 46 2.0 0.22 729 5.1 -7 -
Sept.—Nov. | Rain 57.3 ™ | 36 23 31 70 3.0 1.17 3923 274 -26 380 29)
1978 | From Zone A 243.2 PO,-P| 24 |012 0.1 26| 0.11 0.03 104 0.7 -1 -
Total 3886 T-P 3.0 |0.12 2.7 6 0.26 0.16 548 1.8 —4 52
River 90.7 | 173 | TIN | 31 1.8 5 36 1.9 0.03 101 0.6 2.5 -
Dec. 1978 | Rain 34.6 TN | 33 L8 1 46 23 047 1593 9.2 14 176 (1)
Feb.—iQ‘.'Q From Zone A 195.6 PO-P| 16 |0.09 0.05 1.7 0.09 0.003> 10> 0,06 -0.03 -
Total - 320.9 T-P 2.2 | 009 16 4 0.21 0.06 205 1.2 2 23 ()
River 1011 | 132 [ TIN | 16 2.9 8 27 11 0.10 323 2.4 -2 -
Mar, —May | Rain 59.7 ™ | 3% |29 23 64 | 25 0.84 2830 214 30 298 (22)
1979 | From Zone A 2594 PO,-P 1.2 | 0.06 0.1 14| 0.06 0.002> 7> 0.05> 14 -
Total 420.2 T-P 1.8 | 0.06 34 5 0.20 0.11 360 2.7 7 43 (3)
River 93.2 | 166 | TIN | 30 204 7 39 19 0.11 353 21 -0.4 -
June 1978 | Rain 431.5 TN | 35 |[2.04 20 58 2.9 0.88 2948 17.8 6 308 (24)
May:979 From Zone A 198.7 PO,-P| 2.8 [0.10 0.3 3.2| 0.16 0.03 84 0.5 1 -
Total 335.4 TP 3.6 {0.10- 26 6 0.30 0.13 - 434 26 1 40 (3)
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Table 4. Budget of Nutrients at Takahamairi, Lake Kasumigaura. Zone B.
Jun 1979 - May 1980.
Period Inflow & Outflow | RT. | feem Load (mg+mi*+day™') L fqs Standing Crop Outflow | Accumulation | Sediment.
(x10%m*-day™) (day) River | Rain | Fish Culture | Sum (mg-1") (mg-1"") | {mg-m?) (mg=m ’-_day '} (mg-m*-day™") | (mg-m*+day™")
River 66.5 | 233 | TIN | 21 |35 1 26 1.8 0.05 158 0.7 19 -
June—Aug. | Rain 42.1 TN 28 |35 18 50 35 1.65 5534 23.7 —4 640 (49)
1979 | From Zone A 129.9 PO,-P 1 |0 0.5 - 1.6 o.11 0.04 131 0.6 —0.7 -
Total 238.5 T-P 2 |0 3 5.1 0.35 0.29 971 42 -5 116 (9)
River 221.2 78 | TIN | 66" | 5.0 14 105 24 0.55 1848 23.8 —4 -
Sept.—Nov. | Rain 95.0 N 83 |50 59 147 3.4 1.54 5191 66.8 -19 396 (30)
1979 From Zone A 3989 PO,-P 2 0.04 0.5 25 0.06 0.02" 64 0.8 -0.6 -
Total 715.1 T-P 5 | 0.04 4 9 0.21 0.15 514 6.6 -3 52 (4)
River 1495 | 141 | TIN | 52 }21 16 70 2.9 0.44 1472 104 -13 -
Dec, 1979 | Rain 25.0 TN 66 21 23 g1 3.8 1.04 3484 24.7 -5 . 240{18)
Feb. 1980 | From Zone A 219.4 PQ,-P 2 | 005 0.07 21| 009 0.002 7 0.05 0.03 -
Total 39319 T-P 4 0.05 1 5 0.21 0.07 235 1.7 2 27 (2)
River 133.1 | 114 | TIN | 36 |43 16 56 19 0.10 323 28 5 -
Mar.—May | Rain g 738 ™ 40 |43 29 73 2.5 0.89 2990 26.2 7 316 (24)
1980 | From Zone A 279.5 PO,-P 2 |02 0.1 22| o007 0.003 10 0.09 0.3 -
Total 486.4 T-P 3 |02 2 5.1 0.17 0.11 380 33 0.5 439
River 1426 | 121 | TIN | 44 |37 14 62 2.2 0.28 951 9.4 2 -
June 1979 | Rain 59.0 N 54 3.7 32 90 3.2 1.28 4301 355 -5 400 (30)
May:%ﬂ From Zone A 257.0 PO,-P 2 | 0.08 0.4 25| 0.9 0.02 54 0.4 -0.2 -
Total 458.6 TP 3 |o0.08 3 6.11 022 0.16 524 4.0 -1.4 60 (5)

‘i
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~ Table 5. Annual nutrients loading from fish culture to Lake Kasumigaura

\ 1974 1975 1976 1977 . 1978 1979

9% . 116 19 108, 132 87

P .
N 503 605 620 564 690 453 .
C 3,799 4,565 4,681 4,258 5,207 3,419

Brfiisd aBOREE, BOBKELAEEE, HENMGLT, §EAKIRENZDE
oy (BHBERyHiAKEEEN, 1979, -8EEMRR0SESERAL 405108 & Tk
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Table 6. Monthly nutrients loading from fish culture to each division of Lake
Kasumigaura

1978 & 1979

FEE B %
4,5,6,10 7H 8H 9H &3 4,5,6,108 TH 81 9R gt

+ 09 1.5 12 L2 1.5 0.6 1.0 08 0.8 5.0
B A 3.0 41 38 38 237 2.0 27 25 25 5.7
miR L3 1.8 17 L7 104 0.9 12 L1 11 7.0

e 1.3 1.8 1.7 L7 104 0.9 1.2 L1 1.1 7.0

p LEEBH 13 16 17 15 100 08 10 1l 10 63
B 6.8 9.1 86 B84 533 45 60 57 56 35.3
B & BT L5 .8 1.8 17 111 1.0 1.2 1.2 12 1.5
R At 0.1 0.1 01 0.1 0.7 0.07 0.07 0.07 0.07 0.5
£ H R 0.4 05 05 0.5 3.1 0.3 03 03 03 2.1
1L Hy 0.1 0.1 01 041 0.7 0.07 0.07 0.07 0.07 0.5
+ 4.8 7.6 62 62 392 3.2 50 41 41 26.0
OB Rt 15.9 214 200 200 125.0 10.4 141 131 131 819
MR 6.9 9.7 9.0 9.0 553 45 64 59 5.9 22.7

i 6.9 9.7 9.0 90 553 4.5 64 59 59 22.7

N EBH_ 66 83 90 76 513 43 54 59 50 335
E & Hr 35.9 47.6 449 44,2  280.3 23.6 313 295 290 1362
WK 4 HT 1.6 9.7 97 9.0 588 5.0 64 64 59 38.7
B 0.7 0.7 07 0.7 4.9 0.5 0.5 05 05 3.5
EW A 2.8 28 28 28 16.8 1.4 1.8 1.8 1.8 11.0
1L sy 0.7 0.7 07 07 4.9 0.5 0.5 05 0.5 3.5
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Table 7. Comparison of concentrations of nutrients between station 3 and
average value of 4 stations in zone B
1979 1980
June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr,
TIN 0.029 -0.075 0.036 0.152 0.807 0.692 - 0.729 0.398 0.187 0.100 (.163
Zone B TN 1.628 1.971 1.341 1.488 1.680 1.467 1.428 0917 0.765 0.776 1.036
© PO,-P 0.013 3.038 (.067 0.050 0.002 0.005 0.002 0.002 (.004 0.002 0.008
TP 0.165 0.251 0.451 0.227 0.117 0.115 0.069 0.067 0.074 0.082 .129
TIN 0.033 0.073 0.033 0.207 0.715 0.747 0.658 0.385 0.234 0.052 0.131
ot 3 TN 1.898 1.978 1.228 1.537 1.5990 1.592 1.005 0.885 0.784 0.677 '1.021
’ PO,-P 0.013 0.032 0.062 0.055 0.002 0.004 0.002 0.002 0.003 0.003 0.004
TP 0.190 0.240 0.204 0,227 0.114 0.110 0.073 0.061 0.072 0.086 0.141
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ADMEEN o100 KBS HEECHI TRBERICKANEBELSNEH oI,
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6 i B &
%&ﬁ@;ﬁmﬁwwfu,m%%m,wb@%%éﬁﬁ%&@dnémm¢®ﬁ%-ﬁ%fﬁ
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B, ERGORE 2E )V BRS60S 5L ABNOHN~ NVEHERMRTH S & & Db
bBbh CRODAREEESE BEME . TUbE, BENRAS <55 L LB I B AE
DR RROENIGET &, BN S OB R IRREHD L, £ O/ KD EED O 2
RICHEF ¢ o HBITIOBEG A5 BB 2T St 2T EMEEIE BT -1 KO0 REE,
B ERELC) YERERT. COBBOTHLBER, CEERTIg . mt.day”, KRR
T2 2g-m?.day?, EHFEET310mg - m?.day?, ) yETTBmg . m.dayt TH o, # 9 11980
F7RCBEADEMATAE L ABNORET R, K, FESL0) vABERT, COB
B EEAEE <, AR S Dbt Fid D, 13 BB YR ICES 5B RAES A T b
DEEALND, COBDBELTR, AV — v T, BRERTL 8g.-m2. day”, RERT 180
mg-m2.day”, FEERTmg . m2.day”, Y yET4Img-mE.day™ pifsdts, cHEDH
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Table 8. Precipitation amount and carbon, nitrogen and phosphorus contents.
B Samples were collected at $t.2° from 27 June to 12 August, 1980.

Sampling period Average prec P.ltated. C content N content P content

amount (g~m-f«day™! (%) C () B (%)
June 27-30 59,0 10 0.84 ' 0.16°
30--July 2 - 1100 : 6.3 076 : 0.18
Toly 2- 1 158 67 088 . - .
711 22.0 7.8 1,09 0.22
11-15 1.2 9.4 1.45 0.34
15-18 15.4 6.6 0.85 0.20
18-21 4.3 .89 1.26 0.27
21-125 4.8 9.6 1.48 0.39
.- 25—Aug. 1 26,2 6.9 0.93 0.23
Aug. 1- 6 33.8 ‘ - - , -
612 16.6 - - -

Average 29.0 1T _ 1.06 0.25

9 KMEEY, LY, BECEREORHE BRELIK) P EROLE
ST REHZI9804F 7 H14H~ 15 8IS IR A K HLE TIREL 72, o
~Table 9. Comparison of nutrients contents among suspended solid, - precipitated
wmatter and mud surface. Samples were collected at several stations in
Takahamairi bay, during the period from [4 to 15 July, 1980.

: Dry weight C content N content P content
Station Sample (g-m2-day ’ or mg- 17! (%) (%) (%)
St . S8 19.3 . : 263 . 504 0.64

. Precipitate . L7 - N 1.57 ,0:23
Mud - ‘ 48 - 05t -
St 2 58 . 20.3 28.4 5.73 0.61
Precipitate - 0.75 13.0 ‘ 201 0.31
© Mud - 5.9 0.69 ] 0.25
St 2 58 20.3 30.7 - 5.46 0.45
Precipitate ' 26 82 . 122 0.20
Mud ' - 5.5 0.66 0.18
St 3 58 16.0 - 24.8 4.57 0.54
Precipitate 0.53 ‘ 152 - - 248 0.20
Mud - 6.5 0.82 0.17
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0 B AT b O PRI DR Y DI T H -7 0 C, SHEAPIIC C 15 DR DT
R L LT, 0.4m-day” S EEHTE LR,

WHEEEEFRHICL - TRBLEFLONLN, MOFHCRETLAEAGHUSLINTOROSR
¥, LEOBEERLTER ) v FORRELHEL. $UbS5, ERLIUV Y vO 2Rl
ELTRMNBEERT 0 4m-day 'OWBRETLBRE LLE, FATBYE L LTRERNEERK
0.03m-day ' OIBEEELEELEEZACL, COMEDELER»SOE & FFBE L (%
1~4),

1. RBREE
MBOHEBRORTHEYRT 7 7 + YOXRERCIZFBECBRRNEIUABBOLERIR S
BHETHL, RINWAY—VBILUB Y — VY TORERTLORAFEE L JUFREE LS5 -
RIS (1979), 8- £ (1981 OF— 20 HIH U THR Lz, 19TRF D A v~ vicoTitst. 1,
By — it o0 TidSe 2°GETAE L. VFELBOERAY - Y15 1 5 LUSL2Y 0T Y
i, By~ 2id, WOELAESLUEER B Y~ VRN TORAIES T T - BT, St. 2454
@$ﬂﬁ?ﬁbbtowwiﬁ?ﬂ%mﬁjﬁﬁmﬁiéﬁtoMﬁuﬁﬁm?ﬁckmf,%%
NIciiE /245 B LTRER BB L, FlH7 7 v 7 + »OMEE (CH,0) 0s (NH3 6 H PO,
FLTHEOAEEL LUMREA KM, | YOO TEEGHIAAOSHE D THREL S
Too AV~ vTHHENEESOOEERELIFREMZESLOEES -, BY— vy TRERE
DHBLLROECER LS o, FREGEBEICATY 5 L EHKHATE T 35808 EBCEMEH

#F OO0 AV—rBIUBY—IEIT51978FEh 519804 F TOXTHIZ BT 5
RS B 35 L OOAGE B (g - O m 2 day ™)

Table1Q. Average photosynthetic and respiration rates {g-0,-m2.day™) in zone
A and zone B in each season during the years from 1978 to 1980

Zone A Zone B
Season Pg R Pe R
1978 Summer 21.2 19.8 10.8 2.4
Autumn 4.8 4.7 7.3 7.4
Winter 1.8 0.7 1.0 L4
1979 Spring 7.1 10.6 8.4 13.4
Summer 10.7 13.8 - 10.8 17.3
Autumn 6.1 9.2 5.1 8.7
Winter 49 2.3 6.6 3.6
1980 Spring 8.6 6.1 8.9 7.3
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ERETOHBOIMBERERERS CORBHEOFREEEET I 2ATEELEETH . B2 K
St.lOEBO~2cm, 5~ Tcm@ERIOmI 6K 100ml &4 V& a— b LHOKhO
TINBEOCRRELELRT, St. 1 THEFCESZEC TINBEOBNMSA o4, KOoBO®s
BELLUTHEWVELS o7, BRERESL2BLUSIC20TENTASLE, St 2'TH
St LIt ~EFFO TINBESHIOELNBS Mo, FSL.2705 ~ TemBORBTREAH &

30t
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TIN (mg/I

fog
Q

0.0
0 8 ) 2 4 6 8

Time (day)

K 2 stl OEREHESOFERCLIT A ERELSERBEONTETL
A, 0~ 2enf@, B, 5~ 7emff{, Jul'., Aug. : 19805, % Dfilid 19794,

Fig.2 Timec ourse of organic matter decomposition activities in sediments at
St.1 in Takahamairi
Ten mi of sediments were incubated with 100m] of deionized water. A, 0-2cm layer
3 B, S-7em tayer. Jul’, Aug’ @ 1980. Others @ 1979

LEFKHLLA-ESBEALRLY, St 3TE, St.1 LEAKIKEFHSKFICED TINRBEOH
mbsd b, AFELLGRCHITET L,

IO LS TIN REOREEE L HSERD CONEHIRELL RH . TINREZIRA
Fart— P EHE®E2~ 3 AMBEZITENL TV EREHEL - 00T, COHBOCTINGE
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HRERTROLI. t DHREEIERT BRI~ 2cmBTREFC 4 ~8 4g-N-m!i™" mud.
day & BOARBEEME S, BIKSL I THEOEE S -, 20HOFHTRENEAL bR
EREREOMEEZRL, 2~4 45 -N.-ml™ .mud.-day' OB BEETH 720 5~ TemBTR, BF
PP HI TR I~ T pg - Noml™ omud.day ' &£ OO EDEOSRER ThH -1chl, £FT
i 1lag - Noml™ mud.day™ EOEE CET Ui, HMEELMREEOMICE O~ 2cmBETIR
DI FHOMERR (r: 067) A4S, 0~5ecmBTRATOECEMBER (r:05)HA
LN o, '
HRHGRETTOSREELS 2EEHOLIE TR L L NT M EEDERTREBO -
FHREMmESEICRBENITARES R LA T, T TREBENEAT TONEHEE T,
198043 B, 5 A, THOFER»0T, BRAAFHIDPTERTLIT v2=TESRREOR
BELD G RDI. TOME, ZMO~2cm@TI20.2~6 9ug N.g'-dry. mud-day™' LR
RIRETDO0~2cmBETE 5 ~50%, 5~Tem@TRB0~NBDELE L1,

TI N {pg/ml mud-day)

0 1 PR ) L - 1

j I | L 1
JASONDI FMAM) JA

3 EiEAL BT S REPOGEY SRR DR
' 1, 0~2cmff, 2. 5~ 7cnff, (O) SLL (@) 5.2, (A) 5.3,
Fig. 3  Seasonal changes in decomposition rate of organic matter in sediments
at the stations in Takahamairi
1, 0-2cm layer ; 2, 5-Tcm layer. (O) St.l, (@) 5.2, (A} St.3.
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Fig.4 Time course of nitrification activities in sediments at St.1 in Takahamairi
Ten ml of sediments were incubated with 100ml of deionized water. A, 0-2cm layer
; B, 5-7cm layer. Jul’, Aug’ : 1980. Others : 1979, )
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Fig. 5  Seasonal changes in nitrifing rate in sediments at the stations in Taka-'
hamairi
A, 0-2cm layer ; B, 3-7cm layer. {(©) St.l, (:.1) St.27, (A) St.3.

1. BRAKCEITZERINY

I} Av—-rviEdrsRNE

BEAAS - YCBYA19BF6 AL SI197945 AE T, BLU197946 AL 019805 AT
D2 FHOERERHERNEARE WRT, @I, HELUHOBMLCORRNERBRERERS
ETI26 8LV 168 mg-mi > day™?, BREHETBHE LTI mg.ni? day ! Th-te. 2D H LI
DR CDATHBEEDOU~NBE LY, WroOEENATRN2ETH /. XERCK-
THAT 77 by DAT N2 BBEEROEF R 540 B L 470meg-m? . day™!, —F,
MR E > THBINENRL T 2ERII 560 % L0 480mg- mi2- day! EHEES NIz IBERBIR
ZHROBRGFRMNBEH LV 1,54Tmg i THE0T, BRESEERI2~30BEOY1 7 1 TR
RLTraLEbhil . il L > TBY — v ARNH I N3 BREFETI0E L P6lmg - m . day™’,
BRETHE L Bmg i day! SEEEI N, KERSOEATERSPCEHEN, Tk
CNLBELTRINELIU2Img - ni?-day”! E RESN A, COERBEEELROMABIER

— 299 —



a.1782 mg.if a -2 mg-nE:-dn;z"
b.1g14 mgif b, Omg-m” day

b e l I L LY by
e ra CLLE ey CUY = 5h v
b.47mg asy a.540mgrtday  8.560mgitaay ) b. 76 mg Pday
) b.470mgrfdsy b, 4B0mgFds)
EXT) )
e R e
? a-62mg.afdmy i
— b-T4mgitday' ¢
[ memreons —lanmenzrEnlt e B/~ R
a126mgifes) | #885medd ! "°""""L-_:""’§ | STty

b:168 mg i B1sATme i b'.2 Bl B a.nsmg.-.aav'n
H ; b 15 mp.rifday |
1 S : n . I
| BB |
! 8.392 mg.rfuzy | a. 424 mg ifday !
t b 421 mg-ﬁ(dai‘ h.456 mg‘ﬁfda; )
H )

: \ i R
1
Aot~ 5 W {FE ARl

N N N e

6 EEAAYV—LIZBIAERN
a; 1978% 6 H—1979F 5 A,
b: 19794 6 4 —19804 5 H,

Fig.6  Annual budgets of nitrogen at she zone A, Takahamairi Bay
a; June 1978 - May 1979. b; June 1979 / May 1980,
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a; June 1978 - May 1979. b; June 1979 - May 1980.
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Structure of the pelagic ecosystem. at Takahamairi Bay

in Lake Kasumigaura

Masayuki YASUNO' and Akira OTSUKI’

Abstract

Characteristics of main components of the ecosystem in Takahamairi Bay.were
described. Based on the standing crops and the contents of phosphorus of respectlve ]
components, the structures of the ecosystem in the summer and the winter were

- reconstructed.

In the summer, the standing crop 'of phytoplankton increased remarkably, reflect- -
ing to a large amount of reactive phosphorus supply. Various organisms depending
on the phytoplankion were also active in this season and therefore the following
four possible pathways of recycling of phosphorus might \be functional. Namely,
(I} plankton-necton pathway, (II) microbial pathway, (Ili)benthic animal pathway
and ({IV) physico-chemical pathway. Since the standing crop of phytoplahkton was

" extraordinary large compared with those of other components (zeoplankton, fish and

N

benthic animals), considerable amount of organic matter produced might settle down
on the lake bottom. ’

In the winter, the standing crop of phytoplankton was not so high and the
grazing population was negligible, whereas benthic animals (chironomid and opossum
shrimp) increased as high as the phytoplankton in the standing crop of phosphorus.
Thus, the most marked characteristic of the ecosystern was that the benthié animals

‘might play'an important role in the transfer of phosphorus from sediment to lake
_water because of the shallowness of this lake. Consequently, the recycling system became

simple in the winter and only the third pathway was considered to be functional.

1. FEIAHEWNER SRS T305 FE RS HSE B 16% 2

Environmental Biology Division, The National I[nstitute for Environmental Studies, Yatabe-machi, Tsukuba,

Tharaki 305, Japan.
2. ExoFEWRA TSR T305 TR SUE S E AT BN 165 2

Chemistry and Phi.rsics Division, The National Institute for Environmental Studies, Yatabe-machi, Tsukuba,
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Structure of pelagic ecosystem as phosphorus standing crops in

Takahamairi Bay during summer

I Plankton-necton pathway
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[T Benthic animal pathway
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IV Physicochemical pathway
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Fig.2  Structure of pelagic ecosystem as phosphorus standing crops in
Takahamairi Bay during winter
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Table 1. Phosphorus content of some benthic animals and zooplankton
. Percent*
Spemes- (dry weight base)
Tokunagayusurika akamusi 0.66=< 0.01
Chritonomus plumosus 0.76 £ 0.01
Oligochaetes 0.89x0.12
Neomysis intermedia 147t Q.Ol
Sinodiaptomus valkanoni 0.70%£0.01
Daphnia pulex .16+ 0.08

* Mean of replicates and its standard deviation
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Limnological Data in Lake Kasumigaura |

Date: 1978.11.29

o Station No, I 2 3 4 6 7 g
Sampling Time(].S,T.)| 1050— 1230 - 1315—
Weather Rk’ h o i h " h it h
Air Temp, °C) 8.0
Depth (m) 2.2 37 4.1 6.5 6.2
Transparency (em) a0 70 B0 100 40 100
0m 1.3] 120 1.9 12.2 12.1 12.2
0.5 1.4] 120 1.9 12.2 12,0 12.1
1 L3 iLg 119 12.2 12.0 12.1
2 1.3 1.9 109 i2.2 12.0 12.1
Water Temp. | - 1.9 11.9 12.2 12.0 12,0
oo 4 a2.2)| 1.9 12.2 12.0 12.0
5 12.2 12.0 12.1
6 12.1 12,0 12.3
7 |l g -
Bottom
om |  127] 137 1.8 1.7 13.3 13.0
05 | ‘127] 137 11.8 .7 13.3 12.9
1 127 18.7 11.8 1.7 13.3 12.9
Do 2 125 1.7 1.8 1.7 13.3 12.9
3 azsy] 137 11.8 1.7 13.2 12.9
4 1.8 1.7 13.1 12.8
(/13 ] g 0.7 3.1 2.7
6 1.4 13.1 12.6
7 wxx{2 7 13.1
Bottom
Om | 45,000 40,000 45, 000 42, 000 16, 000 28, 000
0.5 | 10,000 | 10,000 10, 000 10, 000 2, 200 10, 000
1 4,000 3,300 4,300 5,000 300 5, 000
. ) 2 250 530 2,200 1,000
Light Intensity 4 %0
as | 4 310
5 *25, 000
6 *+7,000 | *23,000 1 *23, 000 *6, 000 *20, 000
7 1,300 | ***850 1,30 *20, 000 £re05 42 300
Bottom
0m 163 202 248 277 243 243
0.5 153 202 248 275 242 242
1 " 163 202 248 275 243 243
Conductivity 2 163 202 248 275 242 242
3 202 248 275 242 2
(ati/em)| 4 (208) 248 275 242 242
5 279 42 242
6 281 242 242
Bottomn | ***[§3 241
0.5m 8.1 9.1 8.7 & 4 7.9 8.7
2
3
pH 4
5
6 8.5 9.3

*Depth =10.25m
**Depth =0.75m
#*xDepth = 1.5 m
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Limnological Data in Lake Kasumigaura 2

Date  1978.11.29

Gross Production (€ + Op/m-d)
Net Production (8-0,/m-d}
Respiration (& -Op/m-d)

Station Ne. . , [
Item . 1 2 2 3 3 4
Sampling Depth | 05 0.5 | 05 0.5 0.5 0.5 3 6 . |
PO,~P /Y| 0008 | 0.003> 0,008 0.003>| 0.003>1 0.003>
TP ' (/1) 0.118 0.100 0.072 0.078 0,070 0,076
NH~N © {m/D) 0.252 | 0.222 0.022 3.019 o020 0027
NO,~N (/1) 0.086 0. 030 0.018 0.007 0:007 | 0.006
NO,—N (/1) 0.895 0.477 0.141 0.021 0,021 ©0.016
co,-C (mg/1} 9.1 8.4 10, 1 1.8 1.2 1.1
poC (/1) - '
coD (xe/1) 511 8.6 7.7 8.1
Chlorophyll ¢ (ug/1) 73.9 64.0 64.7
Pheophytin a /)| .6 20.0 18.6
55 (dry weight) (m/1) 12.8 0.2 15.4 10.2 1.7 8.9
POC (g /1) 3.4 53 4.5 4.3 3.8 3.9
PON LAm/) | 081 0.78 0. 64 0.55 0.54 0.54
Total Hetero . Bac. (No./sl}| 5 2x10* | 1.0x10* 6.9%10° 9,3x10° 7.7x 10
Total Bac. (No./ul} | 8.8x10% | 5.8x10° 4.3x10° 6. 1% 10° 6.5x 10
Gross Production (£ - Oy /m'-d)
Net Production (g -Q;/m-d)
Respiration (g-0;/m-d)}

Station No. j *
Ttem - 4 6 7 9
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO,—F (/1) 0.024 0.003> 0.003>( 0.003>
TP (me/1) 0.14 0. 048 0.048| 0048
NH,~N (mg /1) 0.861 0.028, 0.043 0.036
NO; —N (ng/1) 0,040 0.003>| ©.003>| 0.008>
NO, —N (mg /1) 1.12 ND ND ND
€0,—C (ng/1) 12.3 1.1 1.0
DOC (/1)
CoD (me /1) 9.3
Chlorophyll o (ug/1) 80.9 45,1 49.1 47.4
‘Pheophytin « {ug/1) 42.4 2.3 7.0 17.3
S5 (dry weight) (m/1) 20.9 8.1 8.3 8.3
POC (mg/t) 2.1 3.5 8.7 3.7
PON (2g/1) 0.32 0.36 0.41 0.41
Total Hetere Bac., (No./al) 4.8x 10 6.0%10° 5.0x10°
Total Bac. (No./al} 8.5% 10° 5.6%10° 5. 8% 10°
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Limnological Data in Lake Kasumigaura 1

Date : 1978.12.21

Station No. '
ltem 2 3 4 & 7 8
Sampling Time{].S.T.) 1245—| 1305— 1322~ 1345 1517—| 1501—| 1015—
Weather thig HhE g R iy L]
Air Temp, °C) 8.1 9.1 9.2 7.0.
Depth (m)
Transparency {cn) 80 90 90 ] 40 80 100
: Om 7.1 7.3 7.9 7.1 7.7 7.6 8.3
0.5 7.0 7.3 7.9 1.7 .7 7.7 B.3
1 7.0 7.3 8.0 7.7 7.7 7.7 8.1
. 2 6.9 7.3 7.9 7.7 7.6 7.7 8.1
Water Temp. | 4 7.3 1.9 7.1 11| el
o 4 : 7.9 7.7 ' 82
e 5 7 - 8.2
6 .7 8.9
7
Bottom
Om .
0.5
1
2
Do 3
4
Lo/ 5 -
6
7
Bottom
Om 30,000 | 30, 000 40, 000 | 28,000 11,000 | 15,000 | 47,000
0.5 6, 000 B, B0OO 9,500 7,500 " 850 4,500 | 10,000
1 2,500 2,800 4,000 2, 800 83 2000 6000
2 310 340 ' 450 © 360 1,300
Light Intensity 3 e 160 R
4
(%) 5
%
7
Bottomn
0m 160 186 230 260 227 228 272
0.5 160 186 230 262 225 227 215
1 159 187 230 262 225 227 276
Conductivity 2 158 187 230 262 225 221 216
3 188 229 262 2217 276
(2U/ce) | 4 230 261 217
5 263 217
6 262 278
Bottom
0.5m 8.4 8.4 8.4 8.4 7.7 8.4 8.2
2 8.2
ot 3 8.4 '
4
5
[ 8.4
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Limnologica! Data in Lake Xasumigaura 2

Date ! 1978.12.21

Station No. 1 2 5 5 3 .
Item
Sampling Depth (m) 0.5 0.5 0.5 0.5 0.5 0.5 3 -6
PO,—P (mg/1) 0. 004 0. 004 0. 003> 0.003> 0.003>| 0.003>
TP (g /1) 0. 090 0. 094 0.062 0.076 0.078| 0.081
NH,-N T/ 0.049 0.076 0. 024 0. 024 0.021| .0.022
NO, N (g/1)| 0.018 0.017] 0. 002 0. 006 0.0051 0.005
NO,-N (/1)  0.456 0. 369 0.013 “o.oa8] 0,047 0042
CO,-C (mg/1) ‘9.3 9.7 10.0 1.4 0.6 10.5’
DOC ! (/1)
coD (g /1) 6.8 6.9 3.0 8.3
Chlorophyll a (ug/1) 95,8 87.1 70.2 86.0 8L6 105.6
Pheophytin a (ug/1) 27.4 2.0 17.3 16.1 16.3 25.0
SS (dry weight) (mg/1) 16.3 14.2 10.0 1.6 1.9 5.5
POC {(x€/1) 4.6 4.0 4.2 4.4 5.5
PON (/1) 0.64 0.56 0.58 0.62 0.79
Total Hetero.Bac. (No./mi} | 9.5%10° | 2.4x10* 7.0x 1¢° 1.ox10* 6.6x 10°
Total Bac. (No./ul}| 3.8x10° | 4. 9x10° 3.6 10° 3.8x%10° 3.5x10°
Gross Production (£ - O, /m - d)
Net Production {&-0p/md)
Respiration (8 - Op/mr-d)

Station No. ,
I.r.em - 4 ' 5 7 9
Sampling Depth (m)| 0.5 0.5 0.5 0.5 2 5
PO—P (mg/1) 0.1 0.008>| 0.003>| 0.003>| 0.003> :
TP (rg/1) 0.181 0.038 0. 034 0.035 0.036
NH,~N (mg/1) 0. 964 0.095| 0.023 0.02% 0.081
NO, —~N (zg/1) 0.031 0.009| 0.002> oooo2>| ©002>
NO, -N {mg/1) 1. 169 0.174{  0.006 0. 005 0.005
C0,-C {w/1} 13.8 10.5 118 2.4 LT
DOC {m/1) ’
CcOD (mg/1) 6.7 1.7
Chlorophyll e (e8/1) 47.8 56.56 47.3 47.1
Pheophytin e (ua/1) 4.4 22.8 15.1 15.6
55 (dry weight) (mg/1) 36.8 10.2 7.1 6.9 6.5
POC (me /1) 6.6 3.1 3.4 3.5 3.1
PON (mg/1) 0.50 0.38 0.3 0.37 0.33
Total Hetero.Bac. (No./mD) 2.6x10* 5x 17| 2.2x10° 3x10°|
Total Bac. (No./al) 4.6%10° | 2.7Tx10P| 26x10° 3.5% 108

Gross Production (g - O,/m¢-d)
Net Production (8 +Oy/me-d}
Respiration (g 0;/m-d}
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Limnological Data in Lake Kasumigaura 1

Date : 1979.1.18

Station No,

| item 1 2 3 3 4 6 7 g
Sampling Time(J, 8, T.}] 1107—| 1127- 1147— 1209 — 1341—| 1321—| 09s6—
Weather Shh | <bb <hY N PR CbD <D
Air Temp, (& 9] 53 4.2 30

‘[ Depth (m> 1.8 3.2 3.8 6.3 1.8 2.8( .50

| Transparency  (ea)- 120 120 110 110 60 140 100
- Om 4.5 4.8 438 5.1 4.9 4.6 5.0

0.5 4.5 4.8 4.8 5.0 4.9 4.6 5.0,
! 4.5 4.8 4.8 5.0 4.9 4.6 5.0
: 2 4.7 4.8 4.9 4.6 4.9
Water Temp. 3 4.7 4.8 49 4.9
4 4.8 5.0
)y 4.8 5.0
6 48 :
T : Rt
Bottom 4.4 4.7 4.9 4.6 5.0
0m 129 142 1.5 15.3 C 34| 6] 143
0.5 12.9] 4.1 4.4 15.3 13.3] 142| 145
1 12.7 13,9 14.4 15.3 13.4 13.8] 4.4
Do 2 13.8 12 4.7 S 137 143
3 13.7 13.8 14.6 . 4.2
4 i4. 4 14.1
/1)) ¢ 4.3 13.8
6 14.3
7
Bottom | 12.2 13.2 129 130 13.4
Om 4,000 12, 000
0.5 1,500 6, 400
1 700 3,700
) ) 2 850
Light Intensity 3 330
4
(1x) 5
6
7
Bottom 350
0m 132 171 . 210 234 233 215 243
0.5 132 175 209 234 233 214 243
1 132 175 208 233 232 213 242
Conductivity 2 175 | 201 233 213 242
3 174 207 233 : 242
(aU/cn)| 4 233 242
5 23 242
5 234 .
Bottom 131 208 236 213 242
0.5m 7.4 8.0 8.8 8.4 7.4 7.3 7.9
2 7.8 B.0
3
pH 4
5 7.8 8.0
6 e
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Limnological Data in Lake Kasumigaura 2

-.- Date: 1979.1. 18
Station No. ) 2 o 3 3 4 .

Item
Sampling Depth C(m)| 05 0.5 0.5 0.5 0.5 0.5 3 | s
PO,—P (/1) 0.003>| 0.003> 0. 003> 0.003>| 0.003>| 0.008>
TP {mg /1) 0. 095 0. 070 0.054 0.052 0.050| 0.053
NH,~N . (mg /1) 0. 063 0. 028 0. 026 0.021 0.025| 0.023
NO,—-N (/1) 0.011 0. 008 0. 002> 0.0023>| 0.002>| o0.002>
NO, N (mg/1y|  0.557 0,195 0. 007 0.003 0.003( 0.003
COy—Co (=g/1) 8.2 82 8.1 1.5 10.8 109
DOC {m/1)
con (/1) )
Chlorophyll e (ze/1) 63.6 93.1 64.0 8l.5 64,9 87.9
Pheophytin (ng/1) 0.0 13.0 1.0 4.9 17.4 16.4
S8 (dry weight) (m/1) 10.5 12.0 9.5 87 7.3 8.3
POC - (mg/1) 3.2 2.5 3.9 4.0 3.6 41
PON . (m/1) 0.49 0.54 0.48 0.49 0.46 0. 50
Total Hetero.Bac. (No./ol)| 2.6x 104 6. 5% 10° 3.6% 1 9.1x 10
Total Bac. (No./ml} | 4.1x10° 3. 2x10P 2.0x 1 4.Bx10°
Gross Production (g - Q,/me-d) 1.7+ 1.6 1.3
Net Production {2 -0,/m#d} 13" L5 0.9
Respiration (g-0y/ue-d) 0.4 0.1 0.4

* OB O B3R EE T B A » P2

Station No. .

ftem 4 6 ? g
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO,—P (/1) 0,011 0.003>] 0.003>| 0.003>| 0.003>
TP (mg/1) 0.115 0.49 | 0.088 0.038 0. 041
NH,~N (/1) 0. 268 0.008| 0.045 0.059 0.036
NO, N (mg/i) 0. 016 0.011] co>] oopee> 000>
NO,—-N (mg/1) 0.903 0.340 | ©0.0M4 0. 004 0. 004
COp—C (m/1) 4.5 10.7 1.5 10.8
DOC (mg/1)
CcOoD (/1)
Chiorophyll e (ue/1} 2.0 48.4 58.5 8.9 .6
Pheophytin a (ug/1) 6.6 2.8 10.8 2.7 7.8
58 (ary weight) (z8/1) 15.2 5.7 7.1 6.7 8.6
POC (zg/1) 2.3 L5 3.8 3.7 3.6
PON (/1) 0.38 0.20 0.41 0.43 0.26
Total Hetero.Bac. (No./al) 5.9%x10%| 9.0x10°| 4.7x10° 2. 6x 10°
Total Bac. (No./al} 61 105| 3.1x10°| 2. 1% 108 3. 2% 10F
Gross Production (& - Oy/m+d) 1.0 1.1
Net Production {&-O,/w*:d) 0.8 0.7
Respiration (g-0y/m-d) 0.2 0.4

— 326 —

IS



Limnological Data in Lake Kasumigaura 1

Date : 1979.2, 28
fem Station No. | 2 3 3 4 6 7 9
Sampling Time{].$.T.)| 1115—| 1140— 1155— 1220— 1405—| 145—| 3000—
Weather 74 ] 7 X! ]
Air Temp. ) 8.4
Depth (m) 2.3 3.5 4.2 5.8 5.5 3.2 6.05
Transparency [0 80 95 90 100 40 100 140
Om 8.9 8.9 87 8.8 9.0 8.7 8.0
0.5 9.0 8.8 8.7 8.6 9.1 8.7 8.0
1 9.0 8.9 8.6 8.6 9.1 8.7 8.0
2 8.9 8.6 8.5 8.6 9.1 8.6 8.0
Water Temp. | 4 go| as 8.5 8.3 0.0 86| 80
4 8.3 8.3 9.0 80
© g 8.2 8.9 8.0
& 8.0
7
Bottom 8.3 8.5 8.2 9.0 8.5 8.0
Om 1.0 1.1 1.4 .8 n7| 121 1.7
0.5 1.1 10.9 11.4 1.9 1.4 12.3 1.7
1 1.1 10.9 1.4 12.1 1.3 12,5 1.7
Do 2 1.1 10.8 11.4 12.2 15.2 12.5 1.7
3 10.7 11.3 2.2 1.2 12.4 1.7
4 1.2 12,2 1.2 1.6
w1 1.7 1.2 1.6
6 1.5
T
Bottom 9.6 1.2 11,4
Om
0.5
1
. 2
Light Intensity 3
4
(1%} 5
6
7
Bottom
Om 172 198 234 247 218 243 263
0.5 172 198 232 248 218 242 - 262
1 172 159 232 249 218 | 262
Conductivity 2 172 201 232 248 218 242 292
3 172 207 233 251 217 242 262
(aUfend| 4 233 253 215 %62
5 257 213 %2
6
Bottom 216 235 257 0 %1 262
0.5m 7.6 7.4 7.4 7.7 7.2 7.6
2
3 1.7 7.8
pH 4
5 7.4 7.6
6
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- Limnological Data in Lake Kasumigaura 2

Date: 1979.2.28
Station No. , .
Hem 1 2 2 3 3 4
‘| Sampling Depth ! (m) 0.5 0.5 0.5 0.5 0.5 0.5 v 3. 6
PO, P (/1) C.00B[ 000 0. 002> 0.002>| 0.002> 0.002>
TP (/)| 0.38G] 0.089 0. 668 0. 055 0.043]  0.081
NH,~N (/1) | 0.023] 0.017 0.013 0.013 0.013|  0.013
NO, -N (/)| 0.010] 0,008 0. 002> 0.002>]  0.002>| 0.002>
NO,—N (/)| 0.8  0.185 0.004 |- 0,013 0.013] 0.013
|co,-C (mg/1)
‘DOC {me/1)
coD (/1) 6.4 6.8 8.5 7.9
Chlorophyll a (ug/1) 29| &2 6.3 74.9 76.3] 7.9
Pheophytin a we/y| 134 16.1 2.0 1.2 3.2 2.1
S8 (dry weight) (/1) 22,2 s 15.2 10.7 10.7 13.3
POC (mg /1) 4.5 3.9 3.8 3.9 3.8 4.4
PON (/1) 0.53 0.49 0.38 0.3 0.40 0.43
Total Hetero.Bac. (No./ml)| 1.8x10%| 3.6x10* 6. 4% 10° 6. 2 107 4.3%10°
Total Bac. (No./al) | 5.3x105 | T.4% 108 1.8x 106 2.5%10F 2. 0% 10°
Gross Production (£ O, /ud+d) 2, 5% 0.7 ‘ 0.7% :
Net Production (g +O,/me-d) L1*  —o0.2* 0.1*
Respiration (g -Qy/me-d) 1.4 0.9 0.6
*hBOE ERE D ED 5 .
Station No. ’
Item 4 6 7 9
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO, P (/1) 0.014] 0.002> 0.002>| 0.002>| 0.002>
TP (/1) 0.506| 0.040] 0.040| 0,040 0. 040
NH,—N (g /1) 0.875 0.021 0.021 0.036 Q.20
NO, N tee/1) 0.037 0.004 | 0.002>| 0.002>| 000>
NO, -N (/1) 0.926| 0322  0.004] .00 0. 006
CO,—C (me/1) )
DOC (mg/1}
COD (g /1) 6.9 7.9
Chlorophyll (ug/1) 46.8 6.8 7.1 71.3
Pheophytin a (ug/1) 18.¢ 233 1.4 18.9
55 (dry weight) (mg/1) 4.9 9.1 91 8.8. B.9
POC (/1) 34 2.8 3.9 a7 3.9
PON (mg/1) 0.2 0.27 038 0.3 0.35
Total Hetero.Bac. (No./ml) 2.1x10%| 2.3x10°| 2.2x10* 8, 0% 10°
Total Bac. (No._/al) 2.8x10%| 2.4x0°] 2.1x10° 2.0x10°
Gross Production (€ - Op/n-a) 1.6 0.5*
Net Production (2" Op/ae-d) 027 0.0*
Respiration (2 0y/ur-d) L8 0.5
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Limnological Data in Lake Kasumigaura 1

Date ! 1979.3.26

Station No. B
Item 2 3 4 6 7 9
Sampling Time(J. 5. T.}| 1150~ 1210- 1250— 1320— 1505—| 1445—| 0955—
Weather <HB | (bbb () {60 & (Bh |
Air Temp. (o] 15.0 14.5 16,2 14.2 129 10,0
Depth (m) 2.1 3.5 4.2 6.25 4,7 2.7 5.8
Transparency (cm) 38 70 100 60 70 98
| Om 1.6 1.5 12.0 1. ¢ 11.4 11.5 10.0
0.5 1.8 11.5 11.5 11.0 11.3 1.6 10.0
1 1.6 1.2 1.1 1.0 1.2 1.5 10,0
Water Temp 2 1.4 10.9 10.7 i0.6 1.2 0.5 10.¢
' 3 10.6 10. 4 16,5 10.8 9.9
. 4 10. 3 10.4 0.7 9.8
) 10.3 9.8
6 10.2
7 -
Bottorn 10.7 10.3 10,7 10.4 9.8
Om 13.2 14.1 13.3 13.4 13.2 4.4 17
0.5 13.2 14.4 13.4 13.4 13.1 4.5 1.7
1 12.5 14.3 13.2 13.3 13.1 4.4 1.6
Do 2 10.5 12.6 13.0 13.2 12.8 13.2] 1.6
3 1.5 12.4 12.8 1.8 1.4
4 1.1 12.3 1.5 1.2
- (w1 1.9 1.1
6 11.6
7
Bottom il.o 10.9 10.9 1.5 10.6
Om | 20,000 | 29,000 44, 000 21, 000 27,000 | 32,000 | 18,000
0.5 1,500 | 6,500 23, 000 11, 000 2,600 B000] B,400
1 110 | 1,400 12, 000 5, 200 53| 1,700 3,900
Light Intensity Z 75 2,900 1, 300 100 -0
3 830 350 160
() 4 170 85 65
5
6
7
Bottom
0m 143 188 258 250 241 259 213
0.5 144 187 249 AT 240 261 213
L 145 189 249 247 238 261 213
Conductivity 2 145 209 246 243 237 252 213
3 226 244 241 235 215
(20/en)| 4 243 241 235 216
5 241 216
6 257
Bottom 226 259 290 242 222
0.5m 8.4 9.0 8.3 8.4 8.0 8.0 8.0
2 8.0
3 B.2
pH 4
5 8.2
6 82




Limnological Data in Lake Kasumigaura 2

Date : 1979.3. 2

- Station No. 1 9 2 3 ¥ 4
'_Sampli.ng Depth (m)| 0.5 0.5 0.5 0.5 0.5 0.5 3 6
PO,—F (mg/1) 0. 012 0.005| 0.002> 0.0022>|  0.002>] 0.002>
TP (xg/1) 0.282 0,153 0.072 0. 079 0.080 -0.078
NH,—N (rg/1) 0.023 0. 008 0.018 0. 025 0.012 0.012
NO,-N (rg/1) 0.014| ND ND ND ND ND
NO,—N (/1) 0.245 1 4 003> 0. 604 0.003>1 g op0s>) 0.003>
CO,—C (mg /1) 6.1 8.7 8.6 8.4 8.5
DOC (mg/1)

coD (mg/1) 10.5 11.3 8.9 8.6

Chlorophyll a (ug/1) 161 136 52.3 60. 1 59,9 6L.5
Pheophytin @ (/)|  42.0 3.5 1.0 2.2 27| 115
S5 (dry weight) (mg/1) 45.7 21.4 12.9 13.3 13.7 13.3

POC (/1) 6.7 8.1 5.1 5.3 5.5 5.3

PON (/1) 101 Lo 0. 44 0.49 0.52 0.51
Total Hetero,Bac. (No./ml)| 9.2x10%| 1.5%10* 4.3x10% 1.1x10% 5.4x10%
Total Bac. (No./al) | 1.0x107 | 5.3x 108 5.6x 108 4.1%10° 3.1x10¢%
Gross Production {g - O, /ur-d) 5.7 4. 3% 2 a"

Net Production (g-0,/m-d) 3.3* 2. 1* 1.1*

Respiration (g - Oy/m-d) 2.4 2.2 1.2

* I BO 5 AL 5Tt » 7o
Station No, .

Ttem 4 6 7T 9
"’Sampling Depth {m) 0.5 0.5 0.5 0.5 2 5

PO,—P (mE/1) 0.007| 0.002>>| 0.002>>| 0.002>| 0.002>

TP {m/1} 0,182 0.oge| 0.061 0. 062 0. 062

NH,—N {mg/1) 0,413 co7!l 0,027 0.019 0.016

NO, -N (me/1) 0. 048 0,007 ND ND | ND

NO,—N (mg/1) 1.00 0.185| 0.003>| ©003>| 0.003>

CO,~C (mg/1) 11.6 10. 6 10.'0 10.9

DOC (mg/1)

cop (/1) 9.8 8.7

Chlorophyll « (wg/1) 9.3 48.0 43.9 4.0

Pheophytin a (ag/1) 21.9 1.6 13.3 13.1

$S (dry weight) (zg/1} zl.8 2.5 1.6 10.6 12.0

POC {mg /ity 39 49 4.0 4.4 4.6

PON - (mg/1) 0.61 0.62 039 0. 35 6.39

Total Hetero.Bac. - (No./ml) 2.2x10*[ 1.4x10*! 1. 5%10* LOx10%

Total Bac. (No./ml} 3.8x10% 3.7x10% | 2.8x10° 3.0x10°8

Gross Production (g - Oy /m-d) a1 2.2*

Net Production (2 +Qp/mi-d) L7 1.1*

(20, /md) Lo 1.1

Respiration
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Limnological Data in Lake Kasumigaura 1

Date: 1979.4.25

Station No,

Item : 1 2 2’ 3 4 4’ 6 7 9
Sampling Time(].S.T.}| 1205—| 123%—| 1310—| 1330— 1425—| 1352—| 1605 1540—| 1002—
Weather =] 5] (b | <HD CHD | (bb Chb | HThh
Air Temp, T 23 23 24
Depth (m) 1.8 35 7 4.0 6.3 4.8 6.0 2.6 5.7
Transparency (ca) 50 60 60 60 60 60 50 60
Om 17.6 17.1 16.8 '16.5 16.8 16. ¢ 16.5 16,1 18.5
0.5 17.6 17.1 16.5 16.5 16.8 16.¢ 16.5 16. 1 15.3
1 17.2 16. 7 18.5 16.5 15.8 16. 0 16.5 16.1 14.7
Water Temp. 2 16.5 18.3 16. 4 16.8 16.0 16.3 16.1 14.3
3 15.6 15.3 15.0 16. 2 16.0 16,3 14.3
o 4 15.0 15.3 15.8 16. 3 14.2
‘o 5 4.8 16.0 4.2
6 14.8
ki
- Bottom 16.7 15.5 156.2 14.6 14.8 15.2 15.8 14.2
0m 11.3 12.3 12.1 11.4 11.0 11.3 10.3 10.8 10.5
0.5 11.4 12.5 12.3 11.5 1.2 11. 4 10. 4 0.7 1.0
1 10.1 12.5 12.3 11.5 1.2 1.5 10. 4 10.7 9.9
Do 2 10.7 12.0 1.5 1.1 11.4 10.1 10.7 7.9
3 8.4 9.4 9.8 10.5 1.2 10.0 7.6
4 9.1 9.4 9.2 9.8 7.8
(/1) 5 9.1 9.4 7.5
6 8.8
7
Bottom 76| . 82 9.0 8.7 8.7 8.2 9.6 7.4
0m 83,000 [ 85,000 71,000 | 29,000 18,000 | 17,000| 15,000 | 16,000 69,000
0.5 8, 400 5,200 | 12,000 7,700 3,500 4,600 1,100 2,300 15,000
1 600 3,500 | 4,300 1,800 1,100 1,100 180 1,000, 2 800
Light Intensity 2 85 320 110 110 115 80 110
3 1 25
(1x} 4
5
6
7.
Bottom
Om 208 248 274 278 298 264 81 298 290
0.5 208 232 273 2 298 264 280 2093 362
1 204 232 272 212 294 263 280 292 302
Conductivity 2 242 272 272 291 261 278 292 349
3 222 265 266 275 261 218 48
(a/ca)| 4 263 254 %0] 276 348
5 249 273 U8
6 249
Botiom 210 250 Mo 370 258 480 289 350
0.5m B. 4 8.4 8.4 8.3 8.3 8.2
2 83
3
pH 4
5 1.6
L ®
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Limnological Data in Lake Kasumigaura 2

Date: 1979.4.25 -
Station No. f B
ttom 1 2 2 3 3 4
Sampling Depth (m)| 0.5 0.5 0.5 0.5 0.5 0.5 3 6
PO,—P (mg/1)|  0.006 0, 004 0. 002> 0.003| 0.002>| 0.002>
TP (g/1)|  0.288 | 0.208 0.136 | 0,140 0.121 0.124.| 0.139
NH,~N (mg/1)| 0.015 0.016 0.018¢ 0.017 0.045| 0.015] 0,085
NO,—N (g/1)| ND ND ND ND ND ND ND
NO,-N (/1) | 0.0023| 0.002>| 0.002>| 0 002> 0.003>| ©0.003>| 0.003>
CcOo,;-C (mg/1) 7.1 6.4 7.8 9.5 8.6 7.9
DOC (me/1)
cop g/ 1LE| 110 9.7 9.8
Chlorophyll a /)| 192 120 ®4| 17 88.3 BT 14
Pheophytin « (ug/1) 40.6 2.8 13.6 2.2 2.4 20.4 2.5
S (dry weight) | @2 2 2.1 25.4 T 73| 2.0
POC (mg/1) 1.2 10,6 7.9 10.3 8.4 9.1 8.7
-PON , (/1) 0.95 0.77 0.65 0.98 0.60 0.73 0.89
Total Heterd.Bac. (No./ml) | 4.4x10%| 2.3x10* 2.7x10¢ 2.9% 104 “l2ox10t
Total Bac, (No./al) | 7. 3X10% { 6.2%10° 5. 4x10% 4.7x10° 5.9% 10°
Gross Production (g - Q,/m+d) 9.7 2.3 5.5
Net Production (& -Qp/m-d} 5.8 5.2 3.4
Respiration (g-0p/m-d) 3.9 4.1 2.1
. Station No. e 6 7 g
Item .
Sampling Depth (m)| @5 0.5 0.5 0.5 2 5
PO, ~P (/1) - 0.6M 0.002>] 0.0022>) 0.002>
TP (/1) 0138 0.136 0.100| 0100 0.0% 0.109
NH,—N (/1) 0.083 0.028 0.025| 0.081 0,020 0.019
NO, -N (g/1)| ND 0.017| ND ND ND ND
NO, -N' (/)| 0.003>| 0454  0.003( 0.0023> 0.003>| 0.003>
c0,-C (/1) 9.9 B.5 8.4 9.7 8.9
DOC (/13
cOoD (mg/1} 9.3 8.9
Chlerophyll a (eg/1) 111.9 9.0 110.6 62.3 65.3 8.3
Pheophytin e (ag/1) 18.7 25.3 43.9 14.0 8.0 0.0
SS (dry weight) (me/1) 30.1 2.5 24.9 %.9 U8
POC (ng/1) 6.6 7.4 7.0 7.3 8.6
PON g/ 1) 0.70 0.59 0.57 0.58 0.71
Total Hetero.Bac. ~ (No./ol} T.1x104| 2.7x10*| 2,9x10* 2.6x10%|
Total Bac. (No./al) 5 7x10%| 43x10%| 4.4x10¢ 5. 2= 10%
Gross Production (8 - Oy/m'-d) 5.4 4.2
Net Production (£-0;/m-d) 3.6 2.4
Respiration (8 -0p/m+d) 1.8 1.8
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Limnological Data in"Lake Kasumigaura 1

Date : 1979.5.9

Item

Station Mo,

7

9

Sampling Time(

J.8. T

130~

1150—

1203 —

1240—

1220—

1310 —

1255—

i

w,

Weather

Air Temp,

o

Depth

(m)

2.4

3.9

4.2

4.6

4.3

6.8

5.4

.| Transparency

(cm)

ol -

60

70

50

Water Temp.

0

Om
0.5
k|

[= L T U X}

l

Bottom

20.1
- 18.4
17.7
17.3

20.5
2.2
19,0
18.1
18.1

2.6
2.4
8.5
18.2
17.8
17.5

17.4

2.0
0.3
18.4
17.4
17.3
17.2

20.8
20.3
18.4
17.4
17.3
17.0

2.2
20.2
19.4
18.6
7.7
17.5
“17.4

V17,4

19.9
2.1
J18.3
A
17.6
1.5
17.4

16.8

bo

C (/1)

0.5

Sh o W

Bottomn

Light Intensity -

(Ix}

0m
0.5

O o W N

7
Bottom

Conductivity

{aU/cn)

Om
0.5
1

LA 7~ |

(=]

Bottom

pH

0.5m

T e L N
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Limnological Data in Lake Kasumigaura 2

" Date: 1979.5.9
e Station No, 1 2 2 3 e 4
Sampling Depth (m} 0.5 0.5 0.5 0.5 0.5 6.5 3 6
PO,—P (mg/1) 0. 016 0. 009 0.008 0. 005 0. 005 0.004
TP (mg /1) 0. 208 0. 177 0.123 0.111 0. 124 0.095
NH,—N (/1) 0.842 0. 027 0. 018 0.025 0. 030 0. 032
NO, -N (mg/1) 0.027 0. 007 ND ND ND ND
NO,—N (mg/1) 1.32 0.086 | 0.003>| 0.002>( 0.002> 0.014
C0,;-C (mg/1)
DOC (og/1)
coD (mg/1) 6.0 8.8 4.5 9.1 8.5 7.3
Chiorophyll o (ue/1) 97.8 188 129 121 107 7.1
Pheophytin a (ug/1) 40.3 49.6 47.9 28.9 24.6 20.4
5% (dry weight) (/1) 58.9 2.7 20.7 19.3 18.4 17.1
POC (mg /1) 4.7 82 7.8 7.7 7.7 7.1
PON (mg/1) 0. 61 1.24 0.90 0.72 0.82 0.82
Total Hetero,Bac, (No./al)
Total Bac. (No./ml)
Gross Production (g - O, /m-d)
Net Production (g -0y/m'-d)
Respiration (8- Cy/ur-d)
Station No. .
Item 4 6 i 9
Sampling Depth {m) 0.5 0.5 05 0.5 2 5
PO,-P (mg/1} 0. 006
TP (te/1} 0.114
NH,—N (mg/1} 0.043
NO,—-N (mg/13|  0.002>
NO,—N (= /1) 0. (46
Co,-C (me/1)
DOC (g /1)
cop (zg/1) a.0
Chlorophylt a (ug/t) 117
Pheophytin a (ug/) 21.8
S$S (dry weight) (me/1) 2.4
POC (/1) 1.6
PON (mg/1) 1. 06
Total Hetero,Bac, (No./al)
Total Bac. (No./al}
Gross Production (g + O, /m-d)
Net Production (& «O,/n¢-d)
Respiration (g-0y/ar-d)
— 334 —
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Limanological Data in Lake Kasumigaura 1

Date © 1979.5.21
Station No. . . ,
1 2 2 3 3 4 4 6 7 9
Item
Sampling Time(J.S.T,)| 1210—| 1240—| 1314—| 1351~ 1447 -] 1419— 1640—| 1615—| 1004—
Weather (b | <bb [<sh | CbHD <hbh | b [ By bbb &
Air Temp R ("C) 24.1 23.0 24 5 25.8 23.5 22.5
Depth (m? 2.1 3.8 2.9 4.3 6.5 5.1 51 3.0 6.1
Transparency (em) 60 40 65 65 65 75 40 40 85
Om 2.5 22.2 21.2 21.0 211 0.6 2.3 2.4 2t.3
0.5 21.6 2.0 210 2.9 210 2.5 21.3 2.4 18.4
1 20.5 2.9 20.6 20.5 2.0 19.6 21.3 20.4 18.0
Water Temp 2 18.9 19.2 19.2 18.3 18.8 17.7 2.8 20.4 1.7
’ 3 18.9 19.0 18.0 17.6 17.5 0.3 17.6
4 17.7 17.2 17.5 18.7 1.7
= 5 17.1 17.0 17.6
6 16.9 17.0
7
Bottom 18.1 17.7 18.0 17.1 16.9 18.4 18.8
Om 13.4 18.5 16.5 15.0 16.2 15.3 10.6 10.8 9.4
0.5 13.6 19.0 16.6 151 16.3 15,2 10.7 10.8 9.2
1 12.5 18.6 16.6 14.8 16.3 13.1 10.8 10,7 9.2
DO 2 7.5 10. 4 13.3 10.2 1.5 10. 3 10.6 10.7 9.1
3 0.6 10.8 3.8 8.0 88 9.5 1.3
4 8.2 5.4 B.6 6.9 7.0
/1)) g 47| 54 6.9
] 2.9
T
Bottom 4.3 6.6 6.5 2.4 5.1 6.9
Om 86,000 | 70,000| 80,000 | 68 000 56,000 | 56,000 | 19,500 | 28,000 ( 71,000
0.5 6, 000 9,000 6,000( 13,000 11,000 | 12,000 1,100 2,800 29,000
1 0 1,20 210 4, 500 370 4,200 200 2601 11,00
. . 2 120 200 350 350 130 1,800
Light Intensity 3 W0 300
4 5
(1%} 5
6
7
Bottom
0m 410 380 351 29¢ 29 250 232 242 530
0.5 392 370 35 200 2595 248 231 246 510
1 389 350 340 289 292 241 230 246 510
Conductivity 2 382 310 320 282 258 222 197 244 510
3 278 295 265 236 210 187 510
(#U/em) | 4 268 251 209 187 510
5 249 220 500
6 270 500
Bottom 335 263 350 415 392 236 200
0.5m 8.9 161 9.9 9.5 9.6 9.5 8.2 8.6 9.3
2 9.3
3 9.2
pH 4
5 *1.8 9.0
6
*5.5m
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Limnological Data in Lake Kasumigaura 2

Date: 1979.5.21

Station No. 1 9 2’ 3 3 4 ’
Item
Sampling Depth (m)| 0.5 0.5 0.5 0.5 0.5 0.5 3 6
PO,—P (/1) 0.004 0.011 1 0.002>| 0.001> 0.001| ND 0.008
TP (/1)  0.112 0. 206 0.131 0. 107 0.111 0.103 0. 104
NH,~N (mg /1) 0.201 0.353 0.057 [ 0.040 0. 037 002 0. 206
NO,—N (mg/1) 0.053 0.024 0.010 0.019 0.002>|  0.009 0. 009
NO,—N - (mg/1} 2.19 0. 399 0. 067 6.41 0. 005 0.152 0.158
CO,—C (mg /1)
DOC (mg/1)
CoD (mg /1) 3.8 8.3 7.1 8.0 :
Chlorophyll e (ug/1) 7.1 275 219 178 178 159 174 202
Pheophytin a (ug/1) 16.9 4.9 35.1 8.1 40.1 3.5 42.5 48.0
SS{dry weight) (mg/1) 17,2 29.3 23.4 18.6 2.3 17.5 2.3
POC (mg/1) 4.2 9.2 9.1 7.5 B.2 7.1 7.6
PON (ug/1) 0.50 1.43 116 0.92 0.85 q. 87 L4
Total Hetero.Bac. (No./ml) | 80x10%] 3.0x10* 1. 4x10* 1L7x104 1.zx16*
Total Bac, (No./ml} | 3.7%10¢ | 5 1x10° 5 2% 10° 5,.6% 10 4.7 10°
Gross Production (& + Oy/mt-d) 9. 8 16.8 98
Net Production (g -Op/m-d) 6. 3 8.9 6.6
Respiration (g -Oy/ar-d) 35 7.9 3.2

Station No. .
[tem i 4 6 7 °
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO,~P (/1) ND 0.007| 0.002>>| ND ND ND
TP (/1) 0. 132 0.143 0.106 0. 096 0.091 0. 099
NH,—N ey 0oe| o0431| oere| oosol  oo0Bi 00
NO, -N (mg/1) 0.014 0. 058 080! ND ND ND
NO, N (/1) 0.165 0.879 0.494 | 0.001>| 0.0013>| €.001>>
CO,—-C (/1)
DOC (g /1)
COD (g /1) 4.9 8.5
Chiorephyll e we/1) 53.1 5.5 9.6 101 112
Pheophytin e (ug/1) 21,2 2.8 21.5 23.6 40.8
$.5 (dry weight}  (m/D) 19.0 B8 219 17.6 18.5 19.2
POC (oe/t) 7.8 31 31 7.7 7.8 8.2
PON (mg/1) 0.95 0.41 0.39 0.55 0. 83 0,65
Total Hetero.Bac, (No./al) 7.4%10%| 4.0x10% | 1.7x10* 1.6x10¢
Total Bac. {No./ml) 6.8x10%] 6.6x10% | 2.9x10° 3.0x108
Gross Production (& - Oy/n?-d) 0.7 4.7
Net Production (% -Op/m’:d) 8.8 2.7
Respiration (g -0p/md) 1.9 2.0
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Limnological Data in Lake Kasumigaura i

Date: 1979.6.4
Station No. . . , r
ltern 1 2 2 3 3 4 4 6 1 :9 )
Sampling Time{}.$.T.>| 1040—| 1085—|. 1110~ 1145~ (130—, 1215—] 1200—
| Weather . m B 4ho i3 53 B g
Air Temp, cy N
| Depth (m) 21 3.6 4.1 4.4 4.1 7.1 5.3
Transparency (cm)- - 42 38 50 19 62 61 51
Om 4.8 4.2 2.6 23.6| © 3.4 2.1 4.3
0.5 24.1 23.9 23.5 23.5 3.3 24.8 2.1
1 2.0 22.7 23.0 2.2 22.9 22.8 23.2
Water Temp. 2 22.4 2. 4. 21.8 2.3 2.3 2.2 21.8
; 3 2.2 215 21.8 22.1 22.0 21.7
4 21. 4 21.3 21.6 21.9 21.3
(Q.C) 5 : 21.8 2.2
[ 21.7
7., 27| .
Bottom 2.3 21.7 21.2 21.0 2.6 20.7 2.9
Om
0.5
l
2
DO 3
4
{rg/1) 5
6
7
Bottom
Om
0.5
LI
2
Light Intensity 3
4
(1x) 5
6
7
Bottom
Om
0.5
1
Conductivity 2
3
(#0/ecn)| 4
5
6
Bottom
0.5m —1
2
3
pH 4
5
6

- 337 -




Limnological Data in Lake Kasumigaura 2

Date: 1979.6.4

Station No. . .
Item . 1 2 2 3 3 4
Sampling Depth (m) 0.5 0.5 0.5 0.5 0.5 0.5 3 6
PO,—F (m& /1) 0. 004 0. 006 0. 004 0.003 0.005 0. 003
TP (mg/1) 0.185 0.210 (. 148 0.130 0.143 0.087
NH,—N (mg/1} 0.170 0.019 0,018 0.030 0. 023 0.023
NO, —N (og /1) 0. 036 0.023 | 0.002>| 0.002>| ¢€.002> ©.002>
NO,—N (m/1) 0.410 0.205 [ 0.002>| 0.002>>| 0.002>| 0.002>
CO;~C (mg/1)
DOC (mg/13
COD (/1) 11.4 14.7 4.3 10.5 12.4 10.1
Chlorophylt o (ue/1) 179 301 219 176 187 141
Pheophytin a {ug/1) 43 44 40 176 m 33
55 (dry weight) (mg/1) 32.2 3.0 30.1 24.9 4.5 17.9
POC (= /1) 13.8 10.9 154 09 9.9 7.2
PON (/1) 2.15 1.63 1.33 1. 14 1.26 0.76
Total Hetero, Bac., (No./ml)
Total Bac. (No./mD)
Gross Production (g - Op/m+d)
Net Production (g - Op/m*-d)
Respiration (g 0y/m-d)

Station No, .
Item L3 6 7 9
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO,—P (m/1)| O 002>
TP (g /1) 0.146
NH,-N (mg/1y]  0.037
NO, -N (mg/1)) 0.002>
NO,—N (mg/1y| ©.002>
C0;—-C (mg/1)
DOC (me/1)
oD (/1) 12.9
Chlorophyll a {ug/1) 210
Pheophytin « {ug/1) 81
S5 (dry weight) (/1) 21.6
POC (me/1) 9.3
FON (mg/1) 1.18
Total Hetero,Bac. (No./nl)
Total Bac. (No./ul}
Gross Production (g + Op/m'+d}
Net Production (& -Op/m+d)
Respiration (g-Qy/u-d)

g
1#)




Limnological Data in Lake Kasumigaura 1

Date : 1979.6. 21

Stagtion No, » . .
[tem 1 2 2 3 3 4 4 [} 7 g
Sampling Time(J.$.T.}| 1250—| 1215—] 1107—| 0955—| 1030—| 1120—| 1020—( 1500—; 1415~
Weather [ [+ -4 <Hh i & i i1 &
I
Air Temp, C) 29.5 33.6
Depth {m) 2.1 3.5 3.8 4.0 36 7.0 5.6 4.0 3.0
&ansparency (cm) 25 45 50 35 40 70 50 50 80
Om 26.9 2.4 25.7 26. 2 25.8 2.2 25.6 26.7 25.5
0.5 2.9 2.4 25.8 %.2 25.8 5.2 25.6 26. 4 2.5
1 2.9 6.4 25.8 26.2 25.8 25.2 258 26.6 5.5
Water Temp 2 26.7 %.4 25.7 2.2 5.8 25.2 5.5 2.6 25.5
’ 3 2.2 25.7 2.2 2.7 5.1 25.6 6.8
4 26.0 5.1 2.6
N 5 25.0 25.5
6 2.1
7
Bottom 25.9 25.3 25.2 25.7 26.4 25.3
Om ) 990 3.0 7.9 6.9 7.9
0.5 9.0 9.0 7.9 6.9 7.9
1 9.0 9.0 7.8 6.7 7.8
Z 8.7 8.8 7.6 6.5 7.8
Do 2 84| 14| 64| 1.8
-4 5.6
(rg/1) 5
[
7
Bottom 8.1 7.0 7.5
0m 65,000 | 66,000 [ 73,000] 25,000 | 74,000 | B85 600 | 99,400 ( 76,500 | 73,500
0.5 90| 27300 5200 1,300 2,000 22,800 14,200 | 7.740| 19,400
1 52 160 520 300 150 | 6,400 3,150 926 | 5,380
. ] 2 198 192 1% 464
Light Intensity 3 83
4 3
(1%} 5
§
1
Bottom
Om 242 280 32 325 297 343 M0 360 368
05 23 276 312 322 295 33 ] 353 353
1 238 278 310 322 293 u3 340 350 362
Conductivity 2 233 278 310 322 291 35 337 350 359
3 278 308 322 203 340 337 349 367
(2T/fend| 4 325 w2 337
5 30 343
6 Mo
Bottom 288 363 330 400 353
05m 9.4 8.5 9.4 9.5 9.7 B.4 B4 ''7.8
2
pH 3
4
5
§
pH8.8 pHY.2
(&) (i)
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Limnological Data in Lake Kasumigaura 2

Date © 1979.6.21

Station ll\Io. i 9 5 3 5 .

Item .
{Sampling Depth  *~ (m)| 05 -| 05 0’5 0.5 | 05 05 [ 3 [ s

FO,—P (/1) 0.040| 0033 0.030] 0023 0. 006 0.006 ) 0,004

TP | /)| 0302) 0| 0165 0249 013l 0| 01z

NH,—N (m/1)|  0.030| 0.01% 0.020| 0.033 0. 037 o051 0.072

NO,—N (/1) ND ‘ND ND ND o.001> 0.001>| € 00>
| NO,—N (/13| 0.001>| ND ND 0. 001> 0.005| ©.007>| 0008

C0O,~C (e /1) 7.6 6.6 7.3 7.3 9.1 11.4 10.9

DOC (/1) '

coD (/| 48 13.2 1.3

Chlarophyll o (we/1) 197 201 143 234 225 86 73 78

Pheophytin o g/ 24 29 34 25 46 23 3 6

S5 (dry weight) (m/1) 66. 2 40| 3.9 58.1 56.6 19.0 19.1 2.1

POC (e /1) 1.9 4.8 128 2.8 18.2 T4 6.8 6.3

PON (mg/1) 2.83 2.2t L8 2.59 2.3 0.99 0.9% 0.93.

Total Hetero.Bac. (No./nl)| 4 1x10%]| 2 0x10* 2.5% 104 C | 17x10%| 2.4x10%] 1.3x10%

Total Bac. . (No./ml)| 8.7x10° | 6,3x 10° 8. 0x10° 6.1%10° | 6.3x10%| 5 9% 10

Gross Production (£ - Qy/mr+d) 2.5 24.5 16.7

Net Production (& +OQ,/m-d) 2.1 20.9 12.6

Respiration (8 0p/ne-d) 34 3.6 4.1

Station No. , .

ttom 4 6 7 g

Sampling Depth (m) 0.5 0.5 0.5 0.5 4 5

PO, F (/)| 0Do0®|  0.005 0. 001

TP (/1) 0.146 0.134 0.075

NH,-N (/13| 0.0 0.075 0. 154

NO, -N (m/1)| ND 0.152 0,016

NO,-N (me/1)| 0.001>] 0.183 0. 061

COy—C (/1) 8.4 i1.4 13.1

DOC (mg/1)

CoD (g /13 12.9 1.7

Chlorophyll a (ug/1) 92 45 45

Pheophytin & {ng/1) 56 52 25 ,

$5 (dry weight) (m/1) 28.9 8.7 13.8

POC (me/1) 10.2 42 3.0

PON T (m/D 121 0.67 0.43

Total Hetero.Bac. (No./ml)| 1.0x10* 8. 0% 10°

Total Bac. {No./al) | 4.3x10° 5. 7% 108

Gross Production (& - O, /m*-d) 13.3

Net Production {£-0,/md) 10.3

Respiration (8-0,/m-d} 30
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*Limnological Data in Lake Kasumigaura 1

"] Ftemn

Station Me.

1

2

.

2

| sampling Time(].5.T.)

. 1040

-1055—

1110—

1135—

1120—

1200~

Weather

R

izl

]

R

RS-X

Air Temp.

c

Ay

Depth

(m)

2.2

3.7

4.0

4.5

4]

7.5

56

Transparency

(em)

28

25

26

30

Y84

Water Temp.

o

0m
0.5
1

M o B W ey

T
Bottom

307
263
2.1
25.6

25.6

29.0
217
26.5

%3]
23|

259

306
26.7
26.3

%1

26.1
259

25.9

218
27.6
2.5
26.2
26.1
26.1

259

- 283
27.0
26.5
26.0
26.0
‘258

25.7

%8
268
2.7
2.1
26.1
%0
25.6

255
254
25.0

710
269
25
26.1
258
2.7
254

Do

(mg/ 1)

0m
0.5
1

L= 91 B

T
Bottom

'| Light:Intensity

(1x)

0m
0.5
1

- e W N

-~

Bottom

Conductivity

{80 /ca)

Om
0.5

LA~ L o)

Bottom

pH

0.5m

[= TS I U K ]




Limnological Data in Lake Kasumigaura 2

Date: 1979. 7. §

Station No. ' "
Item 1 2 2 3 3 4 -
Sampling Depth (m)[ 05 0.5 0.5 0.5 0.5 0.5 3 6
PO,—P (m/1) 0.060 0.122 0.105 0.052 0.086 0.001>>
TP (mg/1) 0402 0.450 0.387 0.306 0.228 0.169
NH,—N w)|  oo|  ooo| oow| ‘ooss|  oox| oo
NO,—N (m/1) ND ND ND 0009, 0001 0.05¢
NO,—N (/1) 0.001>> 0.001> ND 0.005 .02 0.015
Co,—C {ze/1}
DOC (mg/t)
ceD . (mg /1) 198 189 19.3 141 158 11.4
Chlorophyll a {ue/1) 306 286 215 22 202 136
Pheaphytin a (/1) 179 17.0 44.2 49.1 8.2 451
5SS (dry weight) (mg/1} 78.3 723 45.6 6.2 4.2 11.3
POC (m/1) 6.5 26.1 185 13.9 144 12.2
PON (mg/1) 340 335 2.4 2.22 216 2.19
Total Hetero,Bac, No./nl}
Total Bac, (No . /ml)
Gross Production (€ - Oy/oe-d)
Net Production (¢ - Op/nr-d)
Respiration (g Oplup-d)

Station No. .
ltem 4 6 7 - g
Sampling Depth (m)| 0.5 as 0.5 05 | 2 5
PO,-P {mg/1) 0.007
TP (/13 0.138
NH,—N (o /1) 0.052
NO, -N (/Y| 00%
NO,~N (/| 0010
CO,—C (mg/1)
DOC (/13
COoD (/1) 121
Chlorophyll a (ug/1) 134
Pheophytin e (ug/1) 76,6
SS (dry weight) (mg/1) 252
POC (me/1} 9.1
PON (me/1) 1.85
Total Hetero.Bac. (No./ml)
Total Bac, (No,/al)
Gross Production (€ - Qy/mi-4}
Net Production (£ -O;/m+d)
Respiration (g Op/me-d)

— 342 —




Limnological Data in Lake Kasumigaura |

Date: 1979. 7. 25

Station No. . . R
Hem 1 2 2 3 3 4 4 N: 7 9
Sampling Time(].$.T.}| 1130—| 1155~| 1240—| 1305— 1345~ 1325—| 1530—| 1510—| 1010—
Weather FECHY| TCRY ey Y] FECED| L & D H5TCh D i} HE¢HD
Air Temp, °C) 0.3 36 33.8 32.7 2.7
Depth (m) 23 37 3.8 44 6.7 53 55 33 59
Transparency {cm) 40 50 50 60 70 50 (. 40 30 60
Gm 2.0 9.9 2.9 9| . 292 30.3 295 2.6 2.3
0.5 28.6 29 293 303 2.5 294 29.5 272 276
1 286 278 27.3 285 28.3 280 278 27.2 268
Water Temp 2 26.3 %68 270 26.7 258 %7 %8 25.3 253
: 3 252 25.2 25.5 252 254 6.0 6.2 248
o | 8 240 24.5 245 %1 244
5 2.3 238 M5 33
6 236
7
Bottom 254 242 2.3 236 . 234 237 .0 25.0 2.2
Om 183 212 188 22.6 140 195 143 18.0 123
0.5 17.2 175 192 21.2 148 196 138 135 1.9
1 122 130 159 16.0 145 1.2 0.1 10,5 108
DO 2 36 10.3 105 9.3 68 98 76 42 90
3 30 50 82 58 74 55 22 18
4 38 44 45 33 52
/g T 21 16 1.2 13
6 07
7
Bottom 09 1.2
Om 22400| 26000 46200] 24,600] - 74,500| 20,900| 12,800
0.5 1070 17801 4800 3,620 14700( 1590 1,210
1 193 205 640 o010 3,400 360 208
Light Intensity 2 4 2 107 1 w % 4
3 3 26 .1 56 4 5
4 2 1 1
(1x) c
6
7
Bottom
0Om 329 349 373 405 397 420 390 88 401
0.5 321 357 310 208 400 410 383 30| 395
1 321 340 350 375 308 390 318 380 392
Conductivity 2 273 37| © 338 365 383 360 3n 365 302
3 278 308 335 355 340 364 365 392
(aU/cn}| 4 322 330 325 360 U1 s8s
5 332 325 355 382
6 327
Bottorn 392
0.5m |- 105 100 100 10.1 94 29 9.3 92 9.72
2 9.25
ol i 23 BT _
(55m)
5 8.0
6 79

— 343 —



‘Limnological Data in Lake Kasumigaura 2

Date: 1979. 7. 25

Station No. , ,

e 1 2 2 3 3 4

Sampling Depth (mY| 0.5 0.5 0.5 0.5 0.5 0.5 3 6 .

PO,—P (mg/1) 0.026 0.023 0.018 0.011 0.006 0.011 0119

TP _ (/13| ezl 0265 0222  0.0M 00%| 0100 028

NH,~N , (/)| 008 0083 . 0082  0.085 0065| oor0| 0078

NO,—N ' /)| 0002>| 0002>| 002> | 0002> 0002>| 0098 |. 0092

NO,-N mg/1y| 0003 0006 0068 0002 000g|  0062( €151

Co;—C (mg/1) '

DOC (/1)

coD _ (mg/1) 18.1 149 155 120

Chlorophyll a e/l) | 202 180 152 155 116 842 589

Pheaphytin o (eg/1) ETH) 255 2 2.8 169 21.3 157
| sstary weighty (/1) 51.8 80 09 216 19.1 10.1 133

POC (/1) 20.0 19.4 127 12.1 85 47 38

PON (me/1) 2.20 234 1.66 1.59 1.08 0.67 0.55
| Total HeteroBac. (No./nl) | 73 x 10°| 26 x 10°| 2.4 x 10" | 1.6 x 10* 11 % 104 33x10*

Total Bac, (No./m1) | 78 % 10%| 75 x 10°] 5.3.x 10° [ 55 x 10° 56 x 10° 53 x 10°

Gross Production (g -Oafm'-d) 14.3 196 214 165

Net Production (& -0,/md) 8.0 81 14.5 10.8

Respiration . (g-Op/n+d) 83 .5 69 58

Station No. .

Item 1 6 g g

Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5

PO, —P (mg/1) 0.006) 0002>] ND ND ND ND

T.P (m /1) 0.270 0.142 0.148 0.107 0.067 0.036

NH,-N (®/1) 0.106 0.073 0.063 0.071 0.068 0.106

NO, N (m/1y| 000> 0016 0.004! 0003>]  0.009 0212

NO; —N (/1) 0.004 0.070 0.002 0.005 0.007 0.0%

Cco,—-C (eg/t)

DOC (m /1)

cop (m /1) 187 156

Chlorophyll a we/1)| 198 206 149 144 938 372

Pheophytin o tug/1) 89.3 236 1100 198 146 129

SS (dry weight) (/1) U2 2.1 428 278 17.6 6.5

POC (/1) 145 9.2 155 118 75 2g |.

PON (g /1) 12 143 2.22 157 0.92| 0.35

Total Hetero.Bac, (No./ml)| 1.2 10'| 87 > 10'| 2.8 10| 1.7 x 10* 3.3 %10¢

Tatal Bac. (No./ol)| 6.2 % 10° 7.1 % 10°| 68 x 10°| 4.3 x 10° 3.1 % 1¢°

Gress Production (g + Oy/m+d) ' 173 182

Net Production (g * Qp/mr-dJ 145 10.9

Respiration (g Op/ae-d) l Z-BJ 73

o
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Limnological Data in Lake' Kasumigaura'l

Date: 1979. B. 6

Station No, . . ,
Item 1 2 2 3 3 4 4 § 7 9 .
Sampling Time(]. 5. T.}] 1040—-] 1100~} 1114—) 1143—] 1130—) 1213—) 1155—
Weather i i fg i} £ fig L s
Air Temp. C) ¥
Depth (m) 25 39 43 46 44 73 56
Transparency (ca) 50 80 60 70 65 75 70
0m 301 311 30.6 298 30.2 306 30.1
0.5 30.0 309 305 20.8 30.1 0.3 2.8
1 29.2 29.6 209 29.5 23.9 298 295
Water Temp. 2 214 29.1 200 287 29.1 8.7 28.7
3 %5 BB 286 2.6 28.5 B5
o) 4 288 8B4 8.3 284 28.3
5 283 283
6 B3 ~
7 2.1
Bottom 26.6 26.6 28.0 279 28.3 275 28.0
QOm
0.5 !
1
2
DO 3 ‘
4
(mg/ 1) 5
6
7
Bottom
Om
0.5
1
. . 2
Light Intensity 3
4
(1x) 5
6
7
Bottom
O0m
0.5 -
1
Conductivity 2
3 .
(#4U/ca)| 4
5
6
Bottom
0.5m
2 -
3
pH P
5
&




Limnological Data in Lake Kasumigaura 2

Gross Production (g * Op/nt-d}
Net Production (g -Qp/m-d}

Respiration (g -0,/m+d)

B Date |
Station No. ) . .
Item 1 2 2 3 3 4
Sampling Depth © (m)| G5 0.5 0.5 0.5 0.5 0.5 3
PO,—P (me/1) 0.034 0.04¢ 0,051 0.032 0.046 0.003
TP ’ {zg /1) 0.221 0.244 0.245 0.180 0.433 0.137
NH,—N (g /1) 0.021 0.021 0.026 0.023 0.026 0.031
1 NO,—N (m/1) |  0002>| 0002 00023 0002>| 0002> 0.002>
NO,-N’ (g/1)|  0003>| 0003>| 0002>| 0002>] 0002> 0.017
Co,-C (mg /1)
DOC (mg/1)
cop - (me/1) 1.2 14.7 165 17.2 125 1.2
‘| Chlorophyll a (ue/1) 129 134 145 110 9.8 106
Pheaphytin a (ug/1) .39 204 486 2.5 G0 33.8
55 (dry weight} (T8 /1) 8.0 a8 366 2.7 25,6 17.9
POC (mg /1) 45 125 118 74 108
| PON .. (mg/1) 184 174 178 116 155
Total Hetero,Bac, (No./n!)
Total Bac. {No./nl}
Gross Production (g -O,/nv-d)
Net Production (g -0Q,/n¢-d)
Respiration (-0, ui-d}
Station No. .
ttem 4 6 7 g
| Sampling Depth (m)[ 0.5 0.5 0.5 0.5 2 5
PO-P (/1) 0.009
| TP (/1) 0.197
NH,—N (g/1) 6.029
NO, —N (mg/1)|  0.002>
NO,-N (/13| 0.003>
CO,;—C " {m/1)
DoC {mg /1)
CoD (mg /1) 14.2
Chlorophyll a (ug/1) 837
Pheophytin a (ug/1) 46.4
SS (dry weight) (mg/1) 197
1 poC (me /1) 74
PON (m/1) 14
Total Hetero.Bac, {(No./ml}
Total Bac, (No./al)

— 346 —
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Limnological Data in Lake Kasumigaura 1

Date: 1979. 8,16

Station No. . . .
Her 1 2 2 3 3 4 4 6 7 9
Sampling Time(J.S. T.)| 1110—| 1125—| 1155—| 1215~ 1256—( 1235—| 1425—| 1405—| 0950~
Weather i 5 B ‘ % i} 7 5 L A
Air Temp. ¢c) 29.3
Depth {m) 22 5 36 6.5 4.7 30 a1 58
Transparency {ca) 50 50 55 50 75 50 0 30 . 95
Om 288 29.1 285 285 285 28.7 295 2920 282
0.5 2.8 29.2 28.6 285 285 278 295 29.3 28.2
1 287 280 28.5 285 28.6 217 294 29.2 28.1
Water Temp 2 283 20 285 285 2.6 217 295 202 8.1
’ 3 230 28.5 8.5 8.5 217 294 21 28.1
' . 4 : 285 ®B5| 217 fma
= 5 285 28.1
6 285 216
7
Botiom 27 8.2 278 216
Om 89 9.0 8.2 7.7 7.4 78 81 79 7.5
0.5 89 9.0 8.2 7.6 7.4 7.8 8.1 79 13
t 88 89 8.1 76 74 78 8.0 78 74
2 7.3 89 8.1 7.5 73 7.7 7.9 7.6 T4
po 3 88| 80|. 76 12| 13| 78| 16| 72
. 4 7.5 1.2 16 7.1
(re/ 1) S 7.1 7.1
3 69 5
7
Bottom 88 75 74
Om 73,600 67800| 88400 62,70¢ 65,600 6?.800 478007 60,800 51,300
0.5 10,300 14,100 | 13,500 | 12,800 16,500 | 14,000 3320 1,540| 11,200
1 1,115 1,870 2,190 2,770 4,080 1,870 124 193 7,600
Light Intensity 2 132 40 84 77 178 109 : 970
3 390
(1x} 4 101
5
6
T
Bottom
Om 280 338 352 350 380 352 374 370 346
0.5 276 336 355 351 383 354 375 314 36
1 278 336 352 351 382 353 376 M 346
Conductivity 2 275 336 353 350 376 352 378 375 346
3 332 352 350 376 352 353 430 346
(8U/cu)| 4 350 378 350 348
5 374 346
6 378 760
Bottom 580 350
0.5m 9.3 9.5 9.3 9.1 8.8 93 89 86 8.4
2 B85
3 88
pH 4
5 89
6 9.0

— 347 —




Limnological Data in Lake Kasumigaura 2

Date: 1979 8.16

. Station No,’ . y » ) " .-:r4
‘| Ttemn T +
|'sarhiplirig Depth m| os 0.5 05 | "C5 .5 0s | “ 3 6
PO,-P mg/o|  coo|  oasr]  oro1| ooe| 0022|0025 | 0085
TP (m/y; 0287|178 1630|0227 0284  019. 0155
NH,~N (e/)| 00i9] ooi8| oo 00| 0028 o030 | 00%
NO, <N (/)| ND ND ND ND 00| ome| 00m
NO,~N (m/1y| 0028 0012|0027 | - 0016 0020] o8| 007
Go,—cF (mg/1) : '
DOC (ug /1) .
con (/1) 130 100 13 ) 116 105
Chiorophyll & e/ | 108 738 | 100 106 8ol | 119 .
Pheophytin a (g /1) 0.0 00 0.0 0.0 78 29 72
S$ (dry weight) (/)| 402 %8 330 371 2%.4 2.3 27,
POC ' (m/y| 128 102 97 95 84 17 101
PON (m/1) 145 122 L1 123 127) . 13| 205
Total Hetero.Bac.. (No./wl}i31x10'|17x10*|13x10* 12 10* 1.4 x 16* 1.9 % 10
Total Bac. o (No./mD) |55 x 10° [43 % 10° [ 5.0 x 10° |40 x 10° 36 % 10° 39 x 10°
Grass Froduction (& Op/m-d) 123 e | ez 152
Net Production {& < Qy/me+d) B 8.6 69 12.6
Respiration {g-0y/m-d) 4.3 4.2 23 26
Station No. .
temn 4 6 v, 9
Sampling Depth (m| 05 0.5 0.5 0.5 2 5 B}
PO,~P (/)i 0133  oo0es| 0074 | 0003> o0003>| 0003>
TP (m/1)| o0z27| 01%4| 098 0061 00s9| 0058
NH,-N (/] ooz2| oo3k!  o003| 0101 006| 0101
NO, -N g/ | 000> 0008>| o0003>| con4| 0004|0004
NO,-N (/| o0o018| oom| oon| oez|  oooe| o012
co,-c ™ (mg /1)
.Doc  * (mg/1)
cop - (/)| 115 9.2 9.5 84
Chlorophyll a wery| %7 | eo | w4 | s 47| s
Pheaphytin a we/ny| 00 67 51 52 27 21
$5 (dry: weight) (/1) 362 46.2 425 172 143 we |
POC /| 105 11 74 a7 42 35
PON (% /1) 151 103|. 105 0.63 060 052
Total Helero.Baé, (No./ml)| 11 104| 12 104| 15 x 10* | 38 x 10° 44% 10°
Total Bac, (No./ml) | 4.3 x 10%] 3.2 % 10°] 4.2 x 108} 25 x 108 22 x 10°
Gross Production (& - Oz/m-d) 136 89
Net Production {8 *Op/m-d) 115 6.9
Rz'mpiration (8 -0y/m-d) 21 20




Limnclogical Ddta in Lake Kasumigaura 1

Station No.

Date: 1979. 9. 3

Item 1 2 2 3 3 4 4 7 9
Sampling Time(J.5.T.)| 1006—) 1023—] 1085 1067~} 10471—) 121-) 18-
Weather : [ R -} {dH i [i54] i) it
Air Temp. § )]
| Depth {m) 22 38 40 4.5 42 71 55
Transparency {em) 50 40| 40 45 13 95 60
Om 26.4 21.7 8.4 2.7 20 28| 274
0.5 242 256 258 25.6 259 266 25.3.
1 24.3 254 255 25.3 258 256 24.6
Water Temp. 2 241, 2| 24| 247] 55| 51| 244
3 A7 25.4 24.3 5.5 244 243
4 253 24.3 254 239 4.3
© 5 238 243
6 2371
7 . 236
Bottorn 24.1 47|, 24.0 253 233 4.2
0m
0.5
1
2
DO 3
4
(/1) 5
6
7
Bottom
Om
0.5
1
1. . ] 2 .
Light Intensity 3
4
(1x) 5
6
7
Rottom
Om
0.5
1
Conductivity 2
3
(uU/ea)| 4 *
5 .
8 I
Bottom .
0.5m
2
3
pH 4
5
&




Limnological Data in Lake Kasumigaura 2

Date: 1979. 9. 3

Station No. ] 2 2 5 5 s
Item
Sampling Depth (m) 0.5 0.5 03 a5 0.5 G5 3 6
PO,~P (/1) 0.012 0.040 0.054 0.070 0.061 0.003
TP (g /1) 0.212 '0.155 0.240 0.240 0.219 0.105
NH,—N (/1) 0.046 0.025 0.029 0.013 0.032 0.037
NO,—N (1g/1) 0027 | 000> 000> 000> 000> 0011
NO,~N (/13| 0210 0020| 0007|0005 0007  0.006
COy-C (g /1)
DOC (mg/1)
CCD (ze/1) 6.2 7.2 86 92 7.4 6.4
Chlorophyll (ne/1) 134 117 141 144 17 931
Pheophytin a (ug/1) 34 21 2.2 34 0.0 68
5SS (dry weight) (% /1} 355 36 385 354 30.1 188
POC (mg /1) 122 11.1 121 12.2 9.9 6.2
PON (g /1) 1.63 1.61 1.69 1.64 132 0.85
Total Hetero,Bac. (No./ml)
Total Bac, (No./ml)
Gross Production (g * O, /m¢-d)
Net Production (£+0,/m-d)
Respiration (€-0y/m-d)

Station No, R
Item 4 6 7 9
Sampling Depth {m 0.5 [] a5 0.5 2 5
PO,—P (ng/1) 0.046
TP (mg/1) 0.198
NH,—-N (mg /1) 0.032
NG, —-N (g /1) 0.003>
NO, N (/)| 0007
CQ,—C (/1)
DOC .{m/1)
COoD {mg/1) 73
Chlorophyll a (u2/1) 117
Pheophytin e (ug/1) 6.1
S8 {dry weight) (mg/1} 26,9
POC (mg/13} 9.0
PON (mg/1) 1.34
Total Hetero.Bac, (No./ul)
Total Bac, (No_/ul)
Gross Production (g - Op/m+d)
Net Production (8 -Oz/m'-d)‘
Respiration (g -0y/m-d)

— 350 —
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Limnological Data in Lake Kasumigaura 1

Date : 1979. 9. 18

Station No. ] 2 P 3 4 4 6 7 9
Item )
Sampling Time(J. S, T 1125—| 1159—( 1303—| 1325— 1408—~| 1365—| 1500—| 1515—| 1007—
Weather L5} [ B (&b i Chbh [ Chb B O
Air Temp, C)
Depth {m) 1.8 34 38 4.1 6.0 " 51 66 2.9 58
Transparency (cm) 25 30 25 40 50 55 50 50 100
Om 25.5 25.0 259 26.6 284 218 24.7 25.0 24.3
0.5 24.1 25.0 258 26.1 2.0 215 24.5 245 24.3
1 234 24.2 248 243 24.1 244 24.6 24.5 24.0
Water Temp 2 238 238 23.9 2440 24.0 24.3 240 239
: 3 238 238 238 240 239 24.5 238
co 4 238 24.0 233 24.1 238
5 219 24.0 238
[ 236 240
i
Bottom 231 237 237 236 24.0 238
0m 134 16.6 19.0 125 137 116 99 9.0 71
0.5 10.3 16.3 176 122 13.0 11.6 95 9.0 69
1 6.7 138 121 6.7 6.4 6.1 97 B.6 6.7
DO 2 7.3 83 58 58 54 94 B4 6.1
3 7.1 93 55 58 49 89 53
4 4.4 56 47 89 51
/11 g 56 80 52
] 5.5 89
i
Bottom 53 9.1 45 6.0 47
Om 89,000 | 31,300 | 86,500| 28,100 738001 52,100 9,400 | 15,700 | 65,200
0.5 1,390 1,270 1,430 2,010 7,400 6,000 550 1,740 | 17,900
1 16 T 65 250 1.570 1,340 32 284 8,100
. . 2, 76 32 1,200
Light Intensity 3 250
4
(1x) 5
6
7
Bottom
Om 238 308 340 359 375 380 319 360 3599
0.5 230 304 337 352 359 369 370 72 3%
i 225 293 32 3 381 350 360 m 394
Conductivity 2 230 282 328 340 3n 345 a2 3N 393
3 278 323 340 3n 348 370 390
(B0/cn)| 4 340 37 2] 330 390
5 370 355 340 39¢
6 365 335
Botiom 282 324 362 396
0.5m 9.56
2
3
pH 4
5 79
6

— 351 —




Limnological Data in Lake Kasumigaura 2

Date: {979. 9. 18

Station No. 1 2 e 3 3 4
Item
Sampling Depth {m) 0.5 0.5 0.5 0.5 0.5 0.5 3 6
PQ,—P (mg/1) 0.042 0.060 0.053 0.040 0015 ¢.610 0.006
TP (mg/1) 0.359 0.383 0.308 0.213 0170 0.126 0.114
NH,~N o (/| o3| cod|  ooes| oz 0230 o3| 0319
NO,-N : (/0| 0003>] oo0s>|  ooss| oo o027 00! 002
NO;—N (/13| 000> 0010| 0o0s| 003 0022| 0020 | 0025
Co,-C (/1)
DOC (mg/1) 73 89 17 71 7.1 86 70
CoD ’ {mg/1) 125 16.4 7.9 124 78
Chlorophyll a {ug/1) 222 232 221 91.1 [10 8.0 739
Pheophytin a (ug/l) 4.3 4.2 43 9.6 0.0 4.7 12.9-
S% (dry weight) (/1) 735 68.2 62.3 41.3 3.2 215 238
POC (/1) 124 198 1.1 91 98 50 5.0
FON (/1) 144 326 157 1.02 EET SV 073
Total Hetero,Bac, (No./ml) (5.5 x 10% |30 x 104 [ 2.2 x 10* |28 x 10* 46 % 10° 43 x 10°
Totai Bac. (No./ml) [62 % 10° |56 x 10° |58 x 10% [4.7 x 10® 5.1 x 108 54 % 10%
Gross Production (¢ - O, /mr-d} 200 177 162 4.2
Net Production (e -Oy/or-d) 11.2 128 12.7 1.3
Respiration (g-Oy/m+d) a8 5.1 35 29
Station No. ;

o 4 6 7 9
Sampling Depth (m)| 05 0.5 0.5 0s | 2 | s
PQ,-P (/1) 0.026 0.005 0005 ND ND ND
TP (g/1)| 0165 0.128 0.114 0.061 (063 0.070
NH,-N (g /1) 0.278 0.072 0.045 0.044 .03 0.052
NO, —N (me /1) 0.034 0.083 0005 [ 0.004>| 0.003>| 0.003>
NO, ~N (/1) 0.026 0401 0.009 | 0004>| 0003>| 0.003>
Cc0o,-C (mg /1)
Doc (mg /1) 7.8 70 74 6.2 65 6.1

| cop (m /1) 116 93 85 9.2
Chlorophyll ¢ (ug/1) 64.9 5117 924 50.6 50.7 56.0
Pheophiytin @ (mg/l)| . 72 49 9.0 74 100 107
SS (dry weight) (/1) 205 35.0 303 128 164 19.1
POC (/1) 73 5.1 42 44 52 5.2
PON (/1) 093 0.75 0.55 0.48 0.52 | 0.63
.Total Hetero,Bac, (No./wl}|28x10*{38x 10*| 18 10%|1.7 x 10° 1.7 x 10*
Total Bac. (No,/m1) [ 67 % 10% | 5.0 x 10°| 5.3 x 10° | 29 x 10¢ 30 % 10%
Gross Production (& - Oy /mr+d) 6.3 124
Net Production (& -O,/me-d) 47 9.3
Respiration (& -0p/me-d) 16 i1
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Limnological Data in Lake Kasumigaura -]

Date : 1979.10. 8

Station No, R . ,
Item 1 2 2 3 3 4 4 7 g
Sampling Time(]. 5. T.)| 1025—| 1040~ 1052—| 1115—| 110d4—| 1145—| 1i132—
Weather Lz L) ] ] ] i o]
Air Temp, §
Depih (m) 286 39 44 49 45 74 58
T ransparency {cm) 40 70 60 75 70 80 70
Om 18.3 19.8 205 218 217 2LE 219
0.5 17.6 19.1 203 2056 0.4 209 206
1 17.1 19.0 19.5 199 19.9 204 201
Water Teémp 2 16.7 187 194 128 196 201 198
: 3 185 193 197 185 20.1 187
4 1193 19.7 9.4 20.0 19.6
o 5 200 19.3
6 19.7
7 197
Bottom 167|. 182 19.3 19.7 194 19.7 19.3
Om —|
0.5
1
2
DO ‘ 3
4
(0g/ 1) 5
]
7
Bottomn
Om
0.5
1
. . 2
Light Intensity 3
4
{lx) 5
6
7
Bottom
0m
0.5
1
Conductivity 2
3
(aUfen) | 4
5
]
Bottom
05m
2
3
pH 4
5
3
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Limnological Data in Lake Kasumigaura 2

Date : 1979.10. 8

Station No. ’ "
Itern . 1 2 2 3 3 4
Sampling Depth {m) 0.5 0.5 0.5 0.5 0.5 05 3 6
PO,-P (=g /1) 0.007 ND ND ND ND ND
TP (mg /1) 0.126 0.086 0114 0.108 G112 0.110
NH,—-N (e /1) 0474 0.461° 0.067 0.030 0.061 0.041
NO,-N (g /1} 0.368 0.160 0.050 0.020 0.019 0.479
NO,—N (g /1) 1.30 1.28 0.730 0.443 0.461 0.390
G, —C (mg/1}
DOC (mg/1)
CoD (=g/1) 6.5 54 85 9.2 10.4 106
Chlorophyll ¢ (e/1) 466 436 103 107 95.1 102
Pheophytin a (ug/1) 88 93 9.6 7.7 1297 121
S5 {dry weight) (g/1) 30.3 183 .8 265 26.9 26.1
POC (mg /1) 48 34 6.4 6.4 6.1 6.4
PON (m/1) 0.77 0.52 097 0.93 0.96 1.09
Total Hetero. Bac. {(No./nl)
Total Bac, (No,/al)
Gross Production (¢ - O,/md)
Net Production (&« Oy/mi-d)
Respiration (g 0y /m-d)

Station No. .
Jtem 4 5 7 9
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO,—-P (m/1) ND
TP (mg/1} 0.102
NH,—N (mg /1) 0.129
NO,-N (mg/1) 0.068
NO,-N (m/1)|  0.3%
C0o,—C (mg/1)
DOC (rg/1)
coD (/1) 8.5
Chlorophyll a (ug/1) 86.4
Pheophytin a (ug/1) 8.3
SS (dry weight) (= /1) 228
POC (mg/1) 5.3
PON (me/1) 0.82
Total Hetero, Bac. (No./ml)
Total Bac. {No./al)

Gross Production (2 - 0,/w-d)
Net Production (£°0,/nr-d)

Respiration (g-0,/m-d)
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Limnological Data in Lake Kasumigaura 1

Date : 1979, 10,24

Station No. - [ R , ,
[tem 1 2 2 3 3 4 4 6 7 9
Sampling Time(J.S.T.}| 1345—| 1415—| 1433—| 1453— 1634~ 15i2— 1705—| 1647—{ 1100—
Weather Srm g N M| ® <bh| @ [<bb o0 [ hg
Air Temp. o 181 179 13| 172 16| 14| w1l 1ol 2o
Depth (m) 23 38 4.2 45 6.7 5.6 32 63
Transparency (em) 50 55 50 50 70 5 50 50 60
. Om 18.7 181 19.0 19.1 194 189 19.2 18.3 19.5
' 0.5 185 191 90| 191 194 182 B3] 195
1 18.3 19.0 18.8 19.1 194 8.9 19.2 19.5
Water Temp 2 178 188 185 19.4 19.2 19.0 192
’ 3 18.5 185 18.9 19.2 181 18,5 19.2
4 183 189 19.] 18.5 191
o 191, 186 19.1
6 19.2 19.1
1
Bottom
Om 104 10.0 11.3 10.1 11.4 11.7 10.3 10.4 100
05 9.1 a7 11.2 102 1.6 116 10.3 10.5 0.6
1 7.7 88 10.8 0.8 0.2 114 10.2 10.7 10.5
Do 2 5.3 6.4 85 9.4 6.7 8.3 9.7 87 8.7
3 ) .3 B4 82 6.3 18 8.5 18 19
4 78 7.3 71 7.9 2.0 78
(/1) 5 6.0 8.0 8.1 7.7
] 6.1 7.8
7
Bottom
Om
0.5
1
. 2
Light Intensity 3
4
(1x] 5
6
7
Bottom
O0m 157 156 231 245 208 251 202 197 405
0.5 157 157 231 246 299 250 20 200 406
i 155 157 231 248 300 251 203 199 406
Conductivity 2 155 150 241 248 299 253 194 177 405
3 147 243 253 301 253 190 175 411
{(aG/en)| 4 Z46 265 299 249 191 412
5 308 193 414
[} 323 416
Bottom
0.5m 70 7.6 8.9 B.7 89 9.1 78 B.4 B.7
2 6.8 6.9 78 9.4 7.6 7.3 7.6 1.6 8.1
3 6.9 78 7.9 75 78 7.3 14 78
pH 4 70 17 76| 18] 11 77
5 T4 14 7.1 71
5 | 14 7.8 71
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Limnological Data in Lake Kasumigaura 2

Date : 1979. 10, 24

Station No. | 2 o . e sk
L-em .
Sampling Depth (m) 0.5 0.5 0.5 0.5 ..0.5 ;1 0.5 R A PRI R
_PO,-P (m/1)| 0010 0007 | 0.003>| - 0.002>| 0002  0ooz>| . 0.002>
TP me/|  on7|  o10| oo oam|- T oaz0] o] 0139
NH,—N (mg/13]  0lpg 0.261 0030 | . 0.047 0.084 0.120 0.163
NO,-N /)| 00| 0oss| ool oore 0073 ooe.|. . 0076
NO,—N @y 2% |7 210 113 0818 0612 0854 | . 0609
Co,-C - © (g1 - v T
DOC NG OY
oD (ve/1) 47 59 | e 65 B0
Chlorophyll a weyl)| 615 g5 | 11 | %8 112 829 80.1
Pheophiytin o {ug/1) 50 17 | 80 79 103 106 96
SS (dry weight) . (me/1) 185 22.7 26.3 2.3 21.4 186 21.3
POC (ne/1) 3.2 40 48 48 54 42 39
PON . (ze/1) 0.49 0.66 085 0.82 . 0.93 0.76 0.80
Total Hetero.Bac, ~ (No./ml) |12 X 10°| 12 X 10°| 52 x 10747 x i0* | 5.7 % 10* 5Tx10*
Total Bac,.. . (No./nl) |44 X 10%|51 x 10°| 50 x 10° {49 x 10°| 51 x 10° 55 10°
Gross Production (g » Oy/m+d) 65 57 6.4 73 ‘
Net Production (g +0,/m-a> 33 38 41 74
|£spiration (g-0;/mid) 21 19 23 j i 1.9 L J
Station No. .
tem 4 6 7 g
Sampling Depth {m) 0.5 0.5 2.5 0.5 2 5
PO,— P (/1| 0.00T> 0004 . 0006 0002>| oo002>| o002>
TP (/1) 0.132 0119 0.148 0.103 0.105 0.007
NH,-N (me/1) 0.023 0.146 0,024 0.074 0,086 0.133|
NO,-N (/1) 0.063 0.78 0.053 0.042 0.043 0.043
N, —N (/1) 071 1.88 1085 0.195 0.20 0.219
CO,-C (me /1)
DOC (me /1) '
coD (/1) B.1 45 6.1 6.3
Chlc}ruphyll a (ug/1) 979 80.1 406 64.4 76.6 468
Pheophytin « {ug/1) 98 'B88 8.2 1.1 11.0 6.5
SS (dry weight) (m&/1) 222 232 323 194 233 15.3
POG (/1) 48 26 59 4.7 47 33
PON (/1) 081 1.04 0.65 0.82 0.66 0.48
Total Hetero.Bac., (No./ml) |64 % 10%| 7.6 x 10%] 54 x 10! 3.1 x 10* 36 x 104
Total Bac. (No./nl}| 58 X 10%] 5.4 x 10%] 5.9 x 10% 65 x 10° 50 x 10%
Gross Production (g +O,/m'-d) 56 5.7
Net Production (g +Oy/m¢+d) 4.0 35
Respiration {20y /m-d) 1.6 2.2
\
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Limnological Data in Laké Kasumigaura' 1

Date: 1979.11. 5

Station No,

Item

3

4

7 9

[

Sampling Time{J.S,T.)

1045~

1101—

1111 -

1151

1126—

1213—

Weather

F; ]

<Hh,

RN

CH D

{buh

ChD

i

Air Temp.

{0 -

s

Depth

(m) .

22

36

4.0

42| T 42

- T1

T ransparency

(cm)

72

75

70

- 460

- a0

Water Temp.

o

Om
05
1

o h # W D

-3

Bottom

180
178
175
17.2

17.2

17.7
17.7
176

176

178].

178

18.3
181
18.0

189

185 .

179

18.2
181
17.9
17.9
17.8
178

17.8

-,184
181
18.1
180

‘18.0

180

181

18:1

18.1
181
179
174
179
17.9
178
17.9
17.8

S183 [
18.0 |

179

178
178

178
178

178

DO

Ame/) |

0.5

(=T L L

7
Bottom

Light Intensity

(Ix)

Om
0.5
1

h o o W

-3

Bottom

Conductivity

(2U0/cn)

Om
0.5

o ol o W

o

Bottom

pH

0.5m

S oA W
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Limnological Data in Lake Kasumigaura 2

Date: 1979.11. 5
Station No, 1 2 o 3 3’ 4
Item .
| Sampling Deptn (m)| 0.5 0.5 0.5 0.5 0.5 0.5 3 8
PO,-F (mg/1)- 0.005 0.004 > 0.00% 0.006 0.010 0.005
TP (mg /1) 0.129 0.120 0.158 0.138 0.134 0.111
NH,—N (/1) 0.190 0.471 0.115 0.068 0.048 0.134
NO,; ~N (mg/1) 0.047 0.050 0.05% 0.058 0.058 0.012
NO,—N (me /1) 173 1.4 0.853 0.804 0.749 0.625
co,-C (m/1)
DOC (mg/1)
cob (mg /1) 5.0 59 9.2 79 8.2 6.7
Chlorophyll g (ng/1) 81.9 118 . 198 165 164 137
Pheophytin ¢ (zg/1) 8.1 0.0 369 328 36 174
5SS (dry weight) (/1) 117 165 26 206 200 147
POC {m/1) 38 48 21 7.0 69
PON (/1) 0.68 108 1.69 1.47 118 089
Total Hetero.Bac., (No./ml)
Total Bac, (No./al)
Gross Production (g - Oy/m d)
Net Production (g -0,/o¥-d)}
Respiration {g+0z/nd)
o Station No, v s 7 9
Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5
PO,—P (/1) 0.005
TP (mg/1} 0.113
NH,—N mey| 007
NO, -N (te/1) 0.064
NG, —N (/1) 0.720
CO,—C (m/1)
DOC (me/1)
COD (mg/1) 73
Chlorophyll o (ug/1y| 149
Pheophytin s (ug/1} 701
S§ (dry weight) (/1) 160
FOC {1g/1} 56
PON. (me/1) 098
Total Hetero.Bac. (No./al)
Total Bac, (No./al)
Gross Production (g - O, /m*+d)
Net Production (g -Op/m-d}
Respiration (g -0y/m+d)
— 358 —
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Limnological Data in Lake Kasumigaura 1

Date : 1979, 11. 22

Station No. , —[ .
Item 1 2 2 3 4 4 6 7 9
Sampling Time(].5.T.)| 1815—| 1354—| 1405— [ 1430— 1515— | 1445— | 1630~ [ 1618— | 1022—
Weather b Seem| (b | W W om| W FENEG
Air Temp. o) 158 15.0 140 14.2 14.5 152 128
Depth (m) 19 '
Transparency {em) 0 65 50 65 80 7% 30 45 100
0m 123 129 130 133 137 135 130 13.1 137
0.5 123 128 13.0 133 137 135 130 13.1 137
1 123 129 130 132 137 13.5 1320 131 137
Water Temp 2 127 13.0 132 137 135 13.0 130 137
. 3 124 13.0 131 137 13.2 129 137
4 13.1 137 13.1 129 137
1, 137 131 129 137
& 137
.-
Bottom 11.9
Om 9.1 n2| e 105 10.7 8.2
0.5 92 114 114 116 108 8.2
1 7.1 11.3 113 106 10.8 82
Do 2 1.2 11.2 106 10.7 82
3 105 108 106 107 81
4 109 113 81
/1| g 1.1 81
6 B.1
7
Botiom 5.6
0m 5,720
0.5 2,130
1 997
. , 2 137
Light Intensity 3 29
(1x) 4 6
5
6
7
Bottom
Om 142 101 204 211 250 412
0.5 108 192 207 220 266 411
1 103 190 169 205 261 412
Conductivity 2 177 158 210 265 414
3 155 160 210 230 413
{a8U/ca)| 4 225 227 414
5 215 417
6
Bottom 106
C.5m 8.5 86 as 9.1 86 86
2 84 B8 87 85 86
H 3 8.0 B85 87 87 86
P 4 88 88 85
5 88 86
6




Limnological Data in Lake Kasumigaura 2

Date : 1979.11.22
Station No. . -

ltem 1 2 2 3 3 4
@pling Depth (m)| 0.5 0.5 0.5 0.5 0.5 0.5 3 8
PO, P (mg/1y[ 0006 | 0.003>| 0003> 0.003> 0.003> [ 0003> | 0.003>
TP (/1) 0.099 0.094 0.107 0.084 0.095 0.090 | 0085
NH,~-N (/1) 0487 | -ol18 0.033 0.020 0.098 0.095 0.118
NO, -N (mg/1) 0.044 0.042 0.041 0.029 0.038 0038 | 0037
NO,—N (vg/1y| 142 0918 | 0699 | 0514 0.317 0309 | 0310
CO,—-C (mg/1}

DOC {m/1)

coD {mg/1) 287 464 5.43 3.45 5.92

Chlorophyll o e/} 751 974 8.1 100 100 73.2 6.3
Pheophytin « (eg/1) 231 23.0 223 0.0 243 19.2 204
$S ldry weight) (re/1) 150 0.3 185 143 141 158 239
POC (ng /1) 0.8 13 13 14 13

PON (/1) 013 0.20 0.22 0.22 0.22

Total Hetero,Bac, (No./ml) |89 10* |46 x 10* |77 x 10* (28 x 10* 28 x 104 34 x 101
Total Bac. (No./nl) [48 x 10% |47 x 10° [6.0 x 10° {33 x 10° 54 x 10° 5.6 % 10°
Gross Production (€ - O, /ar-d) 39 33 45 41

Net Production (€ OQp/a¢-d} 2.1 29 34 34

Respiration (-0, /ne-d) 18 0.8 11 0.7

Station No, ,

Ttem 4 6 ! 9

Sampling Depth (m) 0.5 0.5 0.5 0.5 2 5

PO-P (/1) 0.008> 0.007 0.003> ] 0.003>] 0003>] 0.003>

TP (m /1) 0,095 0.101 0.094 0.082 0.083 0.085

NH,—N (/13| 0058 0607 0024 | o0o3| 002 0035

NO, -N (=g /1) 0.041 0.131 0.035 0.040 0.039 0.039

NO,—N (mg /1) 0.412 1.80 0.644 0.277 0.203 0.203

CO,-C (= /1)

DOC (m/1)

Cob (/1) 6.06 362 477 5.41

Chlorophyll a (ug/1) 95.0 2.7 318 56.1 53.4 54.2

Pheophytin o e/ly| 230 137 84 19.2 146 141

$S (dry weight) (/1) 146 235 172 116 ml1 9.1

POC {vg/1) 13 1.2 1.2 1.0

PON (mg/1) 0.22 _ 0.17 0.17 0.15

Total Hetero. Bac. (No./pl) |28 x10* |76 x 10*| 37 x 10*| 26 x 10* 33 x 104

Total Bac. (No./ml) | 5.1 x10° | 4.0 x 10°] 5.1 x 10% | 3.4 x 10° 35 % 10°

Gross Production (g - O,/m-d) 32 2.7

Net Production (& - Op/me-d) 28 1.8

Respiration (g Oy/ne-d) 06 0.9
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Limnological Data in Lake Kasumigaura |

Date: 1979.12.3

Station No. . , ,
ltem 1 -2 2 3 3 4 4 7 9
Sampling Time(J.S.T.)| 1025~| 1041—| 1052—| 1115—| 1104—| 11%6— 1125—
Weather i L) e [} k) | k%
Air Temp, (°C'Y
Bepth (m) 2.4 3.9 4.0 4.4 4.2 1.2 5.4
‘T'ransparency (em) 65 70 a0 90 g5 95 95
Om 11.5 12.0 12.1 11.8 11.6 1.6 11.8
0.5 11.2 11.3 11.4 1.7 11.5 1.7 1.5
1 o 1wl oz 14| w2 1tsl o1z
2 10.8 1.1 111 11 1n1 11.2 111
Water Temp. | 5 wer| ot 1| | o1t 1ve
4 11.6 11.1 11.2 11.0 110
e 5 11.0 11.0
[ 11.0
7 10.9
Bottomn 11.1 11.6 11.1 11.3 11.2 11.7
Om
0.5
1
2
DO 3
4
(rg/1) 5
6
7
Bottom
0Om
0.5
1
i 2
Light Intensity 3
4
(1x) p
6
7
Bottom
Om
0.5
1
Conductivity 2
3
(&U/en)| 4
5
6
Bottom
0.5m
2
3
pPH 4
5
6
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Limnological Data in Lake Kasumigaura 2
Date © 1979.12.3

Station No. N 9 Ly . 5 4
Item
Sampling Depth (m) 0.5 0.5 0.5 0.5 0.5 05 3 ]
PO,—P (mg/1) 0. ¢il 0. 004 0.002>1 0.002>] @002>| 0.002>
T.P (mg/1) | 0.014 0.010 0.064 0.079 0.053 0.062
NH-N (mes1y| 0260 | 0140 | 0o | oo | oo | o003 &
NO,-N : (g/1)| 0,047 | 0.050 | 0.047 | 0.040 | 0.0%8 | 0.023
NO,—N (mg/1) 1.60 1.60 0.982 0. 698 0.047 0.018 ‘
COz—C (mg /1) “
DOC (mg/1}
COD (mg/1)
Chlorophyll a (ue/1) 45.5 61.4 741 75.8 90 7.3
Pheophytin « (ue/3 10.6 15.3 16.8- 11.3 18 15.7
$5 (dry weight) (/1| 17.2 14.2 13.9 13.8 138 | 121
POC (mg/1)
PON ] (rg/1}
Total Hetero. Bac, (No./mD)
Total Bac. (No./mb)
Gross Production (€ - Oy /m+d)
Net Production (& -Op/m-d)
Respiration (g-0Qy/mr-d)
Station No. .
Ytem 4 6 i 9
Sampling Depth (m) 05 R 05 05 2 5
PO,—P (/)| 0.0023>
TP (mg/1y| 0.0689
NH,-N (m/1y|  0.022
NO, -N (mg/1>1  0.039
NO,~N (/13| 0.087
CO;,—~C (mg /1>
DOC (m/1) 4
coo {mg /1)
Chlorophyll e (ug/1) 80.3
Pheophytin a (eg/l)| 169 W
55 (dry weight) (mg /i) 14.3
POC (mg/1>
PON (/1)
Total Hetero.Bac. (No./al}
Total Bac, (No./ml)
Gross Production {2 - Oy /m?d}
Net Production (2 +Q;/ne-d}
Respiration (g O0p/mi-d)
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Limnological Data in Lake Kasumigaura |

Date 1 1979, 12, 20

Station No, , s
1 2 2 3 4 4 & 7 9
ltem
Sampling Time{J. 5. T.}| 1190-! 11%0—] 1140—{ 1200— 1250—| 1300~| 1615—| 1555—| 1315—]
Weather L] 5 i 7| STChRY (bw i B [55¢hh
Air Temp, c) 12.5
Depth {m} 2.1 3.5 3.7 4,2 6.3 5.2 5.2 2.8 5.8
Transparency (em) 75 95 80 98 100 100 40 47 95
0m 7.6 7.9 8.5 85 9.1 8.7 8.9 9.2] 10.8
0.5 7.1 7.9 8.4 85 8.8 8.8 8.8 9.1 10.3
1 7.0 7.7 8.4 8.4 8.7 8.9 8.2 8.5 9.2
Water Temp 2 7.0 7.1 80 8.1 85| 84 7.9 7.9 8.8
: 3 6.9 7.8 81 8.5 8.4 7.7 8.7
o ; 8.0 BS5| 83 7.5 8.6
8.5 8.3 7.6 8.6
G 8.5
7
Bottorn 6.9 7.8 8.6
0m 10.3 8.3 7.3 6.0 7.8 7.1 6.9 82 8.8
0.5 1.3 8.2 7.2 62 7.6 7.1 6.6 8.0 8.9
1 10.1 8.2 7.2 6.1 7.6 7.0 6.3 7.8 8.7
Do 2 . 9.4 8.4 6.8 5.7 7.3 6.7 6.2 7.1 8.5
3 7.7 6.0 5.0 7.1 6.5 6.1 8.2
4 4.5 7.0 6.4 59 8.0
(w71 g .01 62| 5.6 7.8
6 6.9
7
Bottom 7.4 5.6 7.2
Om ) 30,0000 33,0000 35000( 20,000 19,000 | 21,000 680 2,800 | 24,000
0.5 13,000 | 14,500 | 15,000 12,000 7,000 B 800 40 &70 | 8,600
1 1,200 2,100 4,100 5 500 2,450 | 3,600 4 100| 2,500
L.-ight Intensity 2 140| 1,000 750 | 1,350 450 730 530
3 180 180 350 105 180 115
() 4 25 24 45 2%
5
5
7
Bottom
Om 122 140 167 175 215 197 182 181 241
0.5 17 140 165 174 214 197 181 178 237
1 116 137 165 175 213 197 179 176 232
Canductivity 2 115 127 161 174 215 195 175 171 227
3 123 159 175 219 198 171 225
(40/fca)| 4 174 223 217 169 226
5 225 219 228
6 224 -
Bottom 123 15% pick)
0.5m 8.6 8.8 8.8 8.0 8.7 8.2 7.6 8.1 8.8
2
3
pH 4
5
6
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. Limnological Data in Lake Kasumigavra 2

Date © 1979.12. 20

e Station Neo. 1. 2 % 3 Y ' 4 |

Sampling -Depth’ {m) 0.5. 0.5 0.5 0.5 0.5 0.5 3 6 I

PO,—P (/)| 0.005 | 0.004 | 0005 | 0.002> 000> 0.001>] 0.001>
lte (gn1y| 0120 | o072 | 0085 | 0.066 0.062 | 0.066 | 0.066
NH,-N (/Y] 0086 | o038 |- oo | D02 o042 | o4z | po48
NO,~N - (g/1)| 0-042 | 0035 | o024 |‘ 0013 0.04 | 0014 | 0014

NO,—N . - (/)| 189 1.47 170 | 0.503 0.425 | 0.39 | 0.3
1co,-c' (mg/1)
Ipoc - (e /1) ‘
| cop (/1| 4.2 4.4 44 4.3 4.8

Chlorophyll a wely | 75.4 84.4 B4.7 50.2 80.4 75.1 .7
Pheophytin o Wa/| 264 28,0 25.1 17.8 22.1 23.5 18,0
S5 (dry weight) I X 13.6 13.1 10.9 13.2 12,3 12.9

POC (mg/1) 41 £ 41 3.4 4.0 3.8 16

PON (/1) 0.54 0.53 0.5 0.4 0.58 0.55 0.54
| Total Hetero.Bac. (No./al)| 6.7x10¢ 4.8x10% 11x10% 11x10¢ 1.5%10¢ 1,9 10¢
Total Bac. Mo./ol) | 4.4x10°| 5.1x10° 3.8x10° 3.6x10° 4,4%10° 4,5%10°
Gross Production (g - Op/m+d) 2.2% 1.0% 2.2+ 1.4*

Net Production (g +Op/m+d) 1.2% 1.0 1.3* 0.8% | -

Respiration (g -Oy/ord) 1.0 0.9 0.9 0, d

: Station No. . [}

o 4 5 7 g

Sampling Depth (m)| 0.5 0.5 0.5 0.5 2 | s

PO,~P (/1) 0.002>| 0.013 | 0.008 | 0.002>] 0.002>| 0,000

TP g/)| 0061 | 0100 | 0091 | 008z | 0.064 | 0.060

NH,-N /| 0044 | 0405 | 003 | 0038 | 0.029 | 0,030

NO, N (g/1y| 0.014 | 0.0%0 | 0.030 | 0010 | 011 | 001

NO,—N /) 0494 | 2.40 0.98 | 0.106 | 0.221 | o213

COo;~GC1 (/1) '

DOC (mg/1)

con (/1) 4.2 31 | 41 4.2

Chlorophyll & we/| 660 54.6 22.8 73.0 1.5 6.2

Pheophytin a wed| 25 | 305 76 | w4 | a7 19.7

55 {dry weight) mg/)| 10,9 3.3 21.5 1.2 13.2 1.6

POC /)| 32 2.1 3.3 5.8 4.3 3.7

PON (tg/1) 0.43 0.25 0.48 0.53 0.61 0.54
Total Hetero.Bac. (Ne./ml)| 1.2X10% 4.3x10*| 2.2x10* 1.8x1p* 1.5%10%

Total Bac. (No./ml)| 3.6x10%| 3.0x10%| 4.3x105 3.6x108 3.0x%10°

Gross Production (g - Op/m-d) 2.4* 1.2+

Net Production (&-0,/m-d) 1.5* 0.7° '
Respiration (g Oy/fm-d) 0.9 0.5 i

1 b1

i

*hpad oA MEENRE R - k.
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" Limnological Data in Laké Kasumigaura 1

Date : 1980.1.7

r I VY
'

Station No.

’ tem e 1 2. 2 3 3 4 _4“ 7 .9
Sampliig_Time(J.S. T.)| 1022~]% 1037—|" 1049— 1110=| 1101—[ 1130-| 1120~
. | Weather L B 5] ki I B R
’ | Air Temp. o S o o L
# Depth (m) 23" 38 4.2 46 a5 e 5.6
Transparency (e} 75 90 | 100 [*° oo | -100 ‘110 110 n
| ' Om - 6.7 6.9 7.1 71 0] 14 7.2
| ) 0.5 6.7 6.9 7.1 7.1 7.1 74| - 1.2 .
¢ . 1 6.7 6.9 7.1 7.1 7.1 7.4 7.2
2. 6.7 7.0 7.1 il LT 7.4 7.2
Water T . . a . \
der Temp- | 4 0| Tt DTl Tl 7.4 12
. ' (AU Y B 7.4 7.1
&9 . .
€ 5 ‘ - 7.4 7.1 .
6 " 74 :
0 T : i . 7.4 .
Bottom | 6.8 7.0|. 71| . 7.1 | B 8- 7.1
. Om ' 1 .
0.5 )
' 1
i 2 '
D
0 3 i
4 e
i 1 . -
(mg/1) 5
6
7
Bottom
m
0.5
1
2 ~ i3
Light Intensity 3 . -
4
Ix}
( 5 .
6
7
Bottom
Om
S 0.5
1 L
. | Conductivity 2 o
’ 3
1 .,
3 (aU/a)| 4 :
5 .
6 ; o
Bottom .
0.5m v
2 )
3 1
H
P 4
5 1T
6




Limnological Data in Lake Kasumigaura 2

Date: 1880. 1.7
Station No, , , :
Item 1 2 2 ‘ 3 3 4
Sampling Depth {m) 0.5 0.5 0.5 0.5 0.5 0.5 3 6
PO,-F (mg/1) 0. 002 0.002>>| 0.002>| 0.002>| 0.002>| 0.002> .
TP (/1) 0.091 0.069 0.071 ;. 062 0. 064 0. 063
NH,~N (mg/1) 0.038 0.043 0.026 0.019 0.023 0.063
NO, -N (m /1) 0. 024 0.016 0.010 0.012 . 005 0.008
NO,—N (/)| 133 0.984 | 0.337 0.012 0,362 0,25
CO,-C (me/1) )
poc ' (e /1)
COoD (mg/1) 4.8 4.9 52 4.3 4.0 58
Chiorophyli e {ae/1} 133 93.3 56. 8 62.4 47.0 8l.6
Pheophytin a (ug/1) 28.2 47.9 21.5 7.6 0.0 24.8
8§ (dry weight) (mg/1) 24.3 15.7 17.2 1.0 9.5 12,2
POC (mg /1) 5.7 3.4 3.8 19 3.2 2.6
PON (mg/1) 0.68 0.61 0.55 0.51 047 0.41
Total Hetero.Bac. (No./ml)
Total Bac. (No,/nl)
Gross Production (€ Oy /)
Net Production (g -0y/m-d)
Respiration (g -Qy/m-d)
Station No. »
Item 4 & T 9
Sampling Depth {my| 0.5 0.5 0.5 0s | 2 5
PO,-P (m/1)| 0.002>
TP (mg/1}|  0.062
NH,-N (m/1)| 0.057
NO, —N (mg/1)] 0,009
NO,—N (mg/1y| 0,414
C0,—C (g /13
DOC (mg /1)
CoD (mg/1} 5.2
Chlorophyll o (ug/1) 60.8
Pheophytin g (ag/1) 20.1
55 (dry weight) (mg/1) 11.2
POC (/1) 3.6
PON (mg/1) 0.57
Total Hetero. Bac. (No./ml}
Total Bac. {No./al}
Gross Production {g - Op/n?d)
Net Production (& +0;/me-d)
Respiration (g 0y/m-d)
— 366 —
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Limnological Data in Lake Kasumigaura 1

Date : 1980, 1, 23

Station No. , . T . :
ftem 1 2 2 3 3 4 4 6 K g
Sampling Time(]J.S, T.)| 1105—| 1130—{ 1410—| 1430— 1506—| 14B0—| 1850--| 1630—| 0850—
Weather -] i L) iG] Mgt W
Air Temp. °Cy 3
Depth (m) 3.5 4.0 4.5 6.5 55 2.7 5.7
Transparency (cm) 90 80 80 70 90 95 45 80 100
0m 15 3.7 3.9 4.0 4.2 4.0 3.8 3.8 4
0.5 35 i 3.9 4.0 4.3 4,0 38 3.8 4
L 3.5 3 38 4,0 4.2 4.0 38 3.7 4
Water Temp. 2 3.5 3.9 4.0 4.0 4.2 4.0 3.8 3.8 4
3 3.7 3.9 4.0 4.2 4.0 3.8 4
ol 4.0 42| 40| 38 4
o 5 4,2 39 4
6 4.2
7
Beitom 39 38 4.2 4.0 38 4
Om 10. 4 9.5 8.8 8.1 B2 8.0 8.2 7.2 12.0
0.5 10.4 9.5 8.8 2.2 8.1 1.8 7.8 7.0 11.7
1 0.5 9.4 8.8 8.2 8.1 7.7 7.8 7.0 1.7
Do 2 10,4 9.4 8.7 8.2 8.1 7.6 7.8 7.0 11.3
3 9.4 B.7 81 - 8.1 7.6 7.8 11.3
4 B.0 8.1 7.6 7.8 1.3
(/1) 8.0 7.8 1.2
6 8.0
7
Bottom 9.0 7.6 7.1 7.7 1.1
0m 43,000 | 48,000| 35000 27,000 15,000 | 26,000 330 1,800 40,000
0.5 14,000 | 14,000 9,500 11,000 5200 | 11,000 34 740 7,000
1 4, 200 4, 900 3,300 4,300 2,400 3,800 5 WO 2,50
Light Intensity 2 800 550 450 820 450 920 0 42 150
3 100 az 160 80 220 160
(%) 4 38 14 55 10
5 5
6
7
Bottom 50 22 0
Om 97 121 132 141 156 141 127 128 174
0.5 97 121 132 140 156 140 127 128 174
1 96 120 131 140 156 139 127 128 174
Conductivity 2 a7 121 132 140 154 138 127 128 176
3 120 133 140 155 138 127 175
(4 Ulen)| 4 140 155 i37 127 . 176
5 155 127 176
6 156
Bottom 121 132 160 137 127 176
¢.5m 9.0 8.5 8.8
2
3
PH 4
5
6
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Limnological Data‘in-Lake Kasumigaura 2

Date ! 1980.1.23
) Station No. . , - - )
lem Lo 1 2 2 3 3 4.
Sampling Depth (my| 0.5 0.5 6.5 65 | 05 o5 | '3 5 -
1Po,-p (/1 0,005 | 0004 | 0004 | 0002 0.002 | 0.002 (.0.003"
TP (/)| 0096 | 008 | 0087 | 0.060 ooz | o007 |.0.07
JNHN ~ (/0| 0.044 | 0009 | 0012 | 0020 i 0.057 | 0.0s3 | 0.053
NO-N /)| oo | oom | 0019 |- 0.006 | 0006 | 0.006 . G006
I NO,-N - @/ T | osel | cass | 0.251 " po2ss | o02s0 | 0286
| co,-¢” (ng/1) ' . o '
Ipoc AT 1
cop (g/1)| 5.4 5.8 6.8 6.1 59 .
Chlorophyll a we/ly| 618 4.9 7.8 | 605 67.5 6.4 | 839
Pheophytin a :° g/ | 20,5 18.2 26.2 22.8 ' 26 | 214 19.6
S8 (dry weight) /D[ 16,3 12.8 13.9 10.9 12.6 150 | 139,
FOC (/1) " 3.7 3.7 4.6 3.6 38 | 39 37"
FON (/x| 046 0.52 0.63 | 049 | 050 oss| 051
Total Hetero, Bac. (No./al) | 7.6x104 3.2x10%| 2.6x10¢| 6.8%10° 1.4x104 1.2x10¢
' Total Bac.  (No./ml}| 3.8%10°) . 4.4x108) 3 1x3108| 3.3x10° 4.1%10° 3.2x10°
Gross Production (g -O,/m-d)|  0.7% 0.8%| . 06* 0.4%
.| Net Production (& - OQy/m-d) 0.2* 0.3* —0.2* —0.1*
Respiration  (g-O/m-d)| Tgs 05*| 08 0.5 '
.. Station No. . ) ,
. -It.em . B ] 4 & r T ’ 9.
Sampling Depth (m)| 05 05 | 05 0.5 2 5
"PO,—P. (mg/1)| 0.00t | D0.013 | G0.005 | 0.002°F 0.0602 | 0001
TP : (/! 0059 | 0105 | 0053 | o084 | 006l | 0082
NH,~N (cg/1)| 0.016 | 0.400 | 0157 | 0.058 | 0051 | 0.050
NO, -N (/)| 0005 | o028 | oowe | coos ! o005 | 0.008
| NO,—N (/)| 0.2588 | 167 125 [ 0.257 . 0.2% | 0.263
|co,-c (/)| ' .
|'poc (/1)
‘cobp O (@g/y| w7 23 23 6.3
| cntorophyll o @é/m| 508 | 116 | 146 | 525 | 502 | 537
| Pheaphytin a we/D| 182 17.4 72 | sa1| 259 159
S (dry weight) m/| 95 29.2 5.7 10.7 1.8 i
POC ‘ (/1| 3.0 1.5 1.2 3.3 4.2 3.6 -
PON (mg/1)|  0/42 0.21 0.181 0.467]  0.50 0.49-
Total Hetero.Bac. (No./al)| 85%10°| 8.2x10%] 27x10%] 2.1x104]' | 1.4x%10¢
Total Bac. (No./ml)| 3.6x108| 3.8x10% 3.6x308] 3.5%106 3 5%106 !
| Gross Production (8 - Og/or-d) 0.2% 0.4*
| Net Production (g -0p/me-d} 0.0* 0.1* I
| Respiration_ . (g-0p/mr-d) 0.2 0.3

B O HEED MR o7,
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‘Limnelogical Data in Lake Kasumigaura 1
Date © 1980, 2.4

Station No.

e 1| e 3 3 ¥4 A B T

Sampling' Time{J.$. T.) | 1117—| 113M—| _1142~] 1205— 1155—| 1230—| 1218+~

Weather R L - A B ] B %]

Air Temp, (/0% AN - .o

Depth (m).l . 22 36[- .38 4.2 3.8 68, 52

Transparency (cm) s B 8113 0 g7 CreT 98 93

Om- 58|, 1 56| . 54 541 55| 58 5:4
0.5 5.7 56 5.4 5.4 53| 58 5.4
1 5.6 55 53 5.3 53| 5.4 5.3
] 58] 54] 53 52 52| 54 5.2
‘ 17 53 so0| Usrl 49l 53 5.0
e E ‘ 7B 5.1 50 A

Water Temp.

o

=TS L S R )

7. . ,
Bottom 5.7 5.2 500, 51| . 540 49| s

0m ‘
1 . o 2t LT

DO

(mg/ 1)

[= B2 R SO Y

7
Bottom

- coew Om o . L. .. -
0.5 '

Light Intensity

(1)

[« T < | RSNV o]

7 ' o
Bottorn ' ‘

Om
0.5
1

Conductivity

(2t U/en)

L= L N

(=2

Bottom

0.5m

pH

o s W
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Limnological Data in Lake Kasumigaura 2

Date: 1980.2.4
o Statloq No. ) 2 9* T 3 L 3 4
Sampliag Depth (m)] 05 0.5 o5 | o5 0.5 05 | 3 8
PO,—P (mg /1) 0.011 0.012 0.007 0. 004 0. 005 0. 006
TP (mg/1)| 0.101 0.107 0.082 0.082 0.081 0.070
NH,—N (mg/1) | 0.022 0.021 0.035 0.035 0.024 0. 050
NO,—N (mg/1) | 0.017 Q.017 0.010 0.009 0.008 0.006
NO, —N (mg/1} 0.731 0.810 0.183 0.137 0.193 0. 369
CO,—C (/1)
DOC (mg/1)
COD (mg /1) 6.7 4.9 8.1 6.7 6.0 7.4
Chlorophyll e we/1) 96.3 101 95.3 80.3 87.7 72.0
Pheophytin a (ug/1) 19.6 28,3 26.8 437 201 15.4
SS (dry weight) (mg/1} 15.8 16,4 13.5 12.7 12.7 13.8
POC (mg /1) 4.5 45 4.3 4.2 4.1 4.1
PON (mg /1) 0.62 0.64 0.63 0. 61 0.59 0.5
Total Hetero.Bac. (No./ml)
Total Bac. (No./nl}
Gross Production (g - Oy/ne-d)
Net Production (g -0,/m+d)
Respiration (g Qp/me-d)
—
Station No. 4 ¢ 7 i 9
ftem
Samplirig Depth (m)| 05 0.5 0.5 T 5
PO,—P (m/1)| 0.010
TP (/1) 0.087
NH,—-N (zg/1y| ©C.062
NO, N (me/1y| 0.010
NO, -N (ng/1y| 0.192
CO,—C (g /1)
DOC (mg /1)
COD (=g /1) 7.3
Chiorophyll & (uest) 96.9
Pheophytin a Cugi1) 27.6
S5 (dry weight) (zg/1) 15.9
POC (e /1) 5.1
PON (mg/1) 0.76
Total Hetero.Bac. (No./al)
Total Bac. {No./al)

Gross Production (g - Qp/m-d)
Net Production {g-Op/m-d)
Respiration (g:0y/m+d)

=370 —
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Limnological Data in Lake Kasumigaura 1

Date : 1980. 2, 25
Station No, . : . .
ltem 1 2 2 3 3 4 4 6 7 9
Sampling Time(J.S.T.)| 1250~ 1316—| 13385—| 1400— 1438—| 1423—| 1632—] 1610—] 1005—
Weather th B Rtk W B AR A R 0y
Air Temp, [§9)] ’ 7.5
Depth (m>. L8] 34| 37| 39 60| 50| 70| 26 ﬁ
Transparency (cm) 190 120 100 110 100 110 35 90 90
" Om 6.8 6.5 6.9 6.5 6.4 6.6 6, 2 6.5 6.0
0.5 6.8 6.5 1.0 6.6 6.4 6.6 6.3 6.5 6.0
1 6.7 6.5 6.7 6.5 6.3 6.6 6,3 6.5 58
Water Temp 2 6.5 6.7 6.2 6.2 8.5 5.3 6.5 55
’ 3 5.8 6.0 53 6.1 5.6 6.2 5.4
4 6.1 5.4 6.3 5.4
o 5 6.1 6.3 . 5.4
6 6.2
7
Bottom 5.5 5.7 6.0 5.3 6.0 5.4 6.2 6.5 5.3
Om | T 12.2
0.5 12.4
1 iz 7
2 12.9
bo 3 13.3
4 13.6
(mg/ 1) 5 14.0
6
7
Botiom 14.6
Om 47,000 49,000 42,000 36, 000 35,000 32,000 7,200, 11,000 47,000
0.5 28,0001 22,0000 18,5000 19,000 15,000 17,000 550 2,500 | 20,000
1 7,800 9,500 9,500 9 300 7,100 7,700 100{ 1,000 | 8,500
Light Intensity 2 2,300 2,200 2,350 1,460 L, 800 240 2.000
3 530 5850 670 360 510 440
w |4 o4 140 125
5 25
6
7
Bottom 450 50
Om 143 171 187 181 180 180 177 188 225
y 0.5 143 171 187 181 179 178 177 188 225
i 143 172 185 181 179 178 171 188 224
Conductivity 2 172 185 178 179 178 175 188 222
o 3 173 182 173 183 178 175 202
k (2 UTfem)| ¢4 186 185 176 222
5 188 176 222
6 176
Bottom 143 172 173 188 190 174 187 292
N 0.5m 8.8 91| 89| . 84 8.7] 89| 82 82 as
2 . 8.6
3 8.7
pH 4
5 8.6
6
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.Limnological.Data’in:Laké Kasumigaura'2

o Date © 1980.2.25
o . ;Stat:.}on No. ) 1 s 2 i 3 - 3,- i | . “
Sampling Depth - .+ {m)| 05", 0.5 05 ] 0.5 | 05 J05 | .3 | 6w
PO~ - - & (m/D| 0008 | 0.002 | ~0.002>| 0.002>[ - o.,0.002> 0,002 0:002>
TP T wey| o6 | oors | oger.| 6oet | ¢ | 0067|0088 o 0.068.
NH-NST s (| 047 | 0018 |0 oow |00 | .| 00| 00wl | 006
No,-N T T ol cos | oo [ codle] oo . ¢+ o'oo8 | 0008 [.0.008
NO,-N T /)| Boosz |iUsa2 |t o | om0 owee| oe2 | 0138
co,~Cie e ommyy v | * S
poc Gt Gmm| ' -’ _. ' ,
cop IR C 7200 B U I T X O IR 51w
Chlorophyll.a . , Ge/D| 0.1 | 483 | ‘sz1i| 462 : 63.7 | 5.0 | 602
Pheophytin & . {(g/D)| 180 16.9 21.1 157 0 | 210 2.3
SS (dry weight) ©. (/13| 151 | 10.2 .3 | 105 irz | 18 | e
POC (m/)] . 2.4 37 | 40 3.6 39 | 30 40
PON.. =" 0 men| . om | o[ Tosz) o048 - 7| 0BT o8- 055
Total Hetero.Bac, (No./ul}| 1.2x10°| 2.1x10¢| Lax10 6.1x103 | 22108 19%10*
Total Bac. MNo./ol) | 3.0x10%] 3.3x10° 3.2x10%] 3.5xI0¢ 3 0x10¢ 4. 2x10°
Gross Production (g -Ozfrﬁ"d) S 4.1 a7 3.0 3.1 '
Net Production (g-Op/m-d}| 2.9 2.4 1.8 1.8 :
Respiration (g Opfre-d) 1.2 | L3 1.2 1.3

Y P a— — = 0

nem .., '.s"?mn v R T e
Sampling - Depth {m), 0.5 0.5 .05 e 0.5 L2 5
PO,~P (w/t)| 0.002>| :0.008 | 0002 | 00025 o.ooz>! o0z
TP (w/13] 0066 | 0113 | 0067 | 0050 | 0051 | 0052
NH~N’ (/3] 0018 | 053 | oo | oow | o6 | 008
NG, ~N , (m/1>| 0.000 | 0024 | oonn | 0007 | 0007 | o007
NO,~N (mg/1)| 0131 | 0.606 | 0233 | 023 | 018 | 0.258-
€0,~C . mm| b 1. 7
DOC . ue i mml . £
cop 7 T tm/n] 49 40 | a4 7 63 :
Chiorophyil @ ' (ue/t)|  50.0 226 | Tzmr | o596 60.2 66. 1 e .
Phephytin o~ Gu/U| 172 | 125 | ‘B2 | 238 | 28| &8 | . . ¢
S5 (dry weight) (/)| 10.6 308 [ 151 10.5 1.9 | - 1.7
poC (/)| 38 2.4 3.6 3.6 3.3 47
PON .- (/1> 0.52), 032|- 05| 045 055 0.57
Total Hetero.Bac. ' (No./nl)| 271%104) 1.5%10% 2.2x104| 2.2x10%|" 4okt
Total Bac. (No./al)| 3.9x10°| 3.7x10° 3.3x10°| 2.1x10° 2.2x10°
Gross Production' (g - Op/mé-d } ek 29 "
Net Production (£ :0Q;/m+d) 1.8 1.1*
Respiration (g -Oy/me-d) 0.9 1.1

RS TR VD AT L A
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Limnological Data in Lake Kasumigaura 1

Date : 1980. 3. 10

— 373 —

Station Ne. , . . N
ltem t (2 2 3 3 4 4 _ 7 s .
Sampling' Time(J.5. T.) | 1028—| 1028~ 1047—] 1105—] 1086~ 1125—] 1112~ ' IR
Weather - Chby (b i <hh | <bo % w5 . [
SR -
Air Temgp, (Ch. 0 Ll AN LI ! sy
Depth (m} " 22~ 3.8 4.1 4.4 4,1 7.4 .54
Transparency {em). 0] x %0 90 90 90 10 90 y
Om 8.6 8.4 8.1 . T8 YA A 1.7 .81 Tt
0.5 B.6 8.4 8.1 7.8 .17 7.5 7.8 S
1 8.6 B.4 8.1 7.8 7.7 .5 7.8 e
Water Te;np 2 8.6 8.4 8.0 7.8 7..7 7.3 7.81 {'(\
’ 3 . 8.4 8.0 "1.8 1.7 T3 7.8 !
4 ‘UB.O| 7.8 7 7.2 7.8 Tt
O . : : ) T2l 7T o e
6 7.2 , A
7 _ ‘ 7.0 . o |
Bottom 84| 83|l 79| " 77 7.6 71 7.5, i
Om ) ) i
0.5 : © A
1 A
2 RN o
DO 5 ol
4
(mg/1) 5 _ . .
6
7
Bottom
e A 1
0.5 . ; . a1 :
- 21 T
) 2 -
Light Intensity B BB
3 4 oy I
4 l
(Ix) 5 ‘
6 ! ;
7 S
Bottom ~
Om Nt
05 L
1 , . ;
Conductivity 2 !
3 Lk
(& U/en)| 4 ‘ vt
5 H >
[ . . i :
Botiom J . -~ 1
,_ 0.5m i, LRI T LA
2 M
pH i - 4y ;
5 el
: | N




Limnological Data in Lake Kasumigaura 2

Date : 1980. 3,10

Station No T \

2 Tz’

31

Item : 4
Sampling Depth m)| 0 05 0.5 0.5 0.5 0s | 3 | &
PO,-p (me/1y| 0.005 | 0004 | 0005 | 0004 | 0003 | 0001 i
TF {m8/1} 0115 0, 098 0,052 0 neg 0.079 0.082
NH,~N (/)| 0,184 | 0104 0,103 0.029 0.070 | 0.06
NO, -N (/1) 0.020 | 6013 0.016 ND 0.003 | 0.005
NO,—N (mg/1) 1.20 0. 040 0,020 n.031 0.049 0.013
€O, ~C (ng/1) '

DOC (1§ /1) .

coD (/1) 5.9 6.5 6.6 6.4 7.5 6.6
Chlorophyll o we/y| st | eas | 2 | en8 | 808 | T80
‘Pheophytin a (zg/1) 13.0 6.9 38.1 26.6 28.7 35.4
SS (dry weight) (mg/1) 32.1 20.2 20,1 16.7 21.8 .G
POC (me/1} 3.7 3.9 38 3.8 4.2 3.6
PON (/1) 0.53 0.63 0,60 .57 0 64 0.55
Total Hetero, Bac. (No./m))

Total Bac. {No./ml)

Gross Production (& -0y /m-d)

Net Production (g-0p/md} J
| Respiration {g-0y/od)

Station No, .

ltem 4 6 7 . 9

Sampling Depth (my[ o 0.5 0.5 05 | 2 5
PO,-P (/1] 0.004

TP (mg/1);  0.066

NH,~N (w/1)|  0.076

NO,—-N (mg/130 0.009

NO, -N (/)| 0.070

co,-C (mg /1)

DOC (g /1)

COD (e /1) 6.7

Chlorophyll e (eg/1} 74.2

Pheophytin e gt} 4.7

$S (dry weight) (mg/1) 18.2

POC (m/1) 3.8

PON ’ (mg /1) 0.59

Total Hetero. Bac, (No./ml)

“Total Bac. (No./al)

Gross Production (8 - 0,/m-d)

Nel Production (& -Oy/m-d)

Respiration (g 0y/me-d) J J

&3

S



Limnological Data in Lake Kasumigaura 1

Date : 1980, 3.24
Station No, , . T .
Ltem 1 2 2 3 3 4 4 6 7 9
Sampling Time(].S.T.)| 1200—~! 1235~ 1300— ]320—] 1405—| 1335—| 1540—| 1515~ - 10080 —
Weather sTced oo keosser | g ] i PRy
Air Temp, ) 4.9
Depth (m} 2.1 3.4 3.5 4.2 6.5 5.3 5.9 2.8 5.9
Transparency (em) 60 70 80 90 S0 90 50 60 110
Om 8.7 8.9 9.0 8.7 9.0 9.2 B.9 8.3 7.8
2.5 8.7 8.9 89| 87 9.0 a1 8.9 8.3 9l
1 8.7 89 8.9 87 9.0 9.1 8.9 B.3 7.9
Water Temp 2 8.6 8.8 B.8 87 8.4 8.8 8.9 8.5 7.9
3 B.2 8.6 B.4 7.8 8.1 8.9 7.9
o 4 8.2 7.8 7.9 89 7.9
= 5 7.8 T.7 8.8 7.9
& 77
K
Bottom 7.4 8.8 7.8 7.8
Om 15.5 15.1 15.0 13.5 14.5 14.2 10.8 2.8 14.2
0.5 15. 6 15.5 15.0 13.4 14.6 4.2 10.6 2.1 14.2
1 15.5 15.5 14.9 13.4 14.6 14.3 10.6 121 140
DO 2 14.2 15.0 14.8 13.4 14.0 13.9 10.5 12.1 14.Q
3 1.7 13.7 12,3 12.8 11.8 0% 13.9
(/1) 4 11.2 12,5 11.3 10.4 13.4
5 12.3 11.0 10.4 13.2
6 12.2
7
Bottom 10.9 10.3 13.0
Om 48,000 31,000 31,000 58, 000 55,0001 56,000 32,000| 36,000 18, 000
0.5 8,000 65,5000 13,0001 15500 14,000 12,000 3,000 5, B0D 7,000
1 1, 500 1,800 3,400 5, 500 5,100 3, 800 300 1, 000 3,200
. . 2 90 150 320 650 740 310 55 700
Light Intensity 3 80 130 4 10
a | 4 35
5
3
7
Bottom
Om
0.5 T
1
Conductivity F4
3
(8 U/em)| 4
5
6
Bottom
0.5m 87 88 90 85 g9l a0l 78] a3l @3
2 8.2
3 8.5
pH 4
5 8.2
6 8.4 L i

— 375 ~




.Limnological:Data in Lake Kasumigaura:2

C Ly Date © 1980, 3. 24
o Station No. . 9 ; 9 3 5 i‘.-d
Sampling Depth - . (mY 05. ] 05 [ 05 0.5 | 05 .-} 035 3| e
PO,~P - (m/1)| 0006 | 0.003 | 0,003 |, C.002 0.0023>)  0.002>| 0:002>
TP (/)| 0112 | 0102 | 0108 | 0.104 0.090 | 0.077 -| --0.07Ls
NH-N T )| 0.068 0.035 0.050 | -0.028 0. 430 0.046 | 0.033-
NO,-N - (may] o nps | o008 | oo0s | 0.002> 0.003 | ©.003 |-0.004:
NO,—N " T(mead| osz | 0,335 | 0024 | 0.016 0.062 | 0.0 | 0110
co;-C . - ' (mg/1) :
DOC : (mg/1)
coo T @l 75 8.4 | 10z 83 | 88 .
Chloraphyll ¢ we/y( 15 | 121 107 7.4 s | 7.0 | 51
Pheophytin a e/ 269 | 338 | a0 | 209 291 290 | 426
88 (dry weight) /| sp2 | 185 | 189 | (7.9 148 14 8.4
POC (/1) 5.0 5.5 59 5.3 4.6 4.5 2.8
PON O mi] om 0.8 |- -0.84,) 0.8 083 0.62| 0.40
Total Helero. Bac. * (No./m)) | 4.7x10%| 3.7x10% 2.4x30%) 1.5 10* 1 2.3x100 1.8 104
Tétal Bac. ‘No./nl) | 5.6x105 6.4x10°| 6.7x10% 6.7%108 1 6.5x10%) 6 1x10°| 3.2x108
Gross Production (.E °_Oza"m"Jd) 55 6.3 &5 ‘ ‘ . 51*
Net Production (¢-Op/m-d)| 41 12 48 3.6
Respiration {g Oz/m"d)L 2.4 2.1 1.9 1.6*
Station No. '| '

ey o : 4 6 P ¢
Sampling. Depth {m) 0.5, 0.5 0.3 .5 vl 5 . . __‘
PO,—-P (m/1)] 0.002>| 0.004 | 6007 | 0.002 | 0.002>] 6.002> h
TP (/)| 0066 | 0.117 | 0078 | 0.0 | 2018 | 0.087
NH,-N (/0| 007 | 0087 j 0046 | 0.033 | 0.088 | 003
NO, -N (/)| 0002 | 0632 | 0008 | 0 M3 | 014 | 0004
'NO,—N (m/1)| ©.041 1.36 0.368 0.033 0.033 0.127 ,
CO,—C {(mg/1) ' '
\DOC (g /1) )
cop (mg/1) 9.9 5.3 6.8 7.4
Chlorophyll a Gg/1}] 110 32.6 418 55.5 54,1
'Pheophytin e g/ 25 20.5 0.0 12.5 13.9
85 (dry weight) (m/)| 185 a2 24.0 9.0 10.0
'POC (/)| 56 26 3.7 1.4 3.0
'PON (CTV] R 0.36 051 0.43 0.46
\Total Hetéro.Bac. (No./ul)| 3.5%10%| 1.7x105 5.0x10%| 8 0x103 7.3x10%
Total Bac. (No./ml}| 6.1x10%) 6.0%10% 5.3x10% 4.8x10° 4.5%108]

| Gross Production (¢ - Oy/mr-d) 5.3 3.8
=Nel Production (g +Qp/m-d} 4.2 2.5
Respiration (g-0y/m¢-d) . 1.1 1.3

R DA B IR L s
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R (1978) - T ' ‘
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31"§B?3%Fﬁ5¥%ﬂ% i R
H3 v"% A comparative study "of adults and immatire stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae) (1978) -
oo (HERER R AE Chironomus @9 BOMA, 4+, $HaOHEEOHS) - :
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/|75 A moiphological study of adults and immature stages of 20 Japanese spec1es of the.family
Chironomidae (Diptera). (1979)
(B&E2 2 Y AM0MO8E, ¥+, HhoOEEDIR)
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HHRHE. (1979)
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&. (1979)
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3 12 5 Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing
computer-controlled instrumentation. (1980)
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434)
# 13 5 Studies on chitonomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollu-
,f‘ tion with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary,
f (ERNCFRES 522 Y 1 DR
—F1H FTO—HHRKRMEN 32 ) ABEOSHETRICL 5F8E & OEFE —
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Preparation, ana.lysis and certification of PEPPERBUSH standard reference material. (1980)
(BRSO [ a0 7] OFEE, S XS REWE ‘

ki OEF B AT 2 REP5 (D) — 2 W (IR O MR — B3 /54EE . (1981)
BEXEOBREIL T HRESHE (V) — BrBmson, SEACUEE LU E ol
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AR OEFR BT 2 RAHE (V) —— B ilitAE ol aREL s 2 OFE —
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SAfERE . (1981)
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BRFN53,/54%EME.  (1981) - )
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Report of Special Research Project the National Institute for Environmental Studies

No. 1*

No. 2*

{ Starting with Report No. 3, the new title for NIES Reports was changed to: ]

Man activity and aquatic' environment — with special references to 'Lake Kasumigaura - Progress
report in 1966. (1977) )

Studies on evaluation and ameloration of air pollution by plants — Progress report in 1976-1977.
(1978) T ‘

Research Report from the National Institute for Environmental Studies

No. 3

No. 4*

No. 5*

No, 6*

No. 8*

No. 9*

No.10*

No.l1
No.12

No.13
No,14*

No.15*

No.16*
No.17*

No.18
No.19*

No.20*

No.21*

A comparative study of adults and imn_:atl‘uje ;t*ages of nine Japarlesé species of the genus Chironomus
(Diptera, Chironomidae). (1978) ' | '

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

Studjes on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. (1978)

Man activity and aguatic environment — with special references to Lake Kasumigaura — Progiress
report in 1977-1978. (1979) .

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

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

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

Studies on evgluation and amelicration of air pollution by plants — Progress report in 1976-1978,
{1979

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980)

Studies on chironomid midges of the Tama River. (1980)

Studies on the effect of organic wastes on the soil ecosystem - Progress report in 1978-1979. (1980)
Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1979. (1980)

Remote measurement of air pollution by a mobile laser radar, (1980)

Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region, (1980)

Preparation, analysis and certification of PEPPERBUSH standard reference matetial. (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979. (1981) "

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydro-
meteorological characteristics of Kasumigaura watershed as related to the lake eavironment — 1978-
1979. (1981)

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

— XX —
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No.22* Comprehensive studies on the eutrophication'of fresh-water areas — Structure of ecosystem and
. . standing cropsm Lake Kasumigaura — 1978-1979. (1981) . ;

No 23* Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophu: state

. indices for lakes — 1978-1979. (1981) .

No.24* Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutm—
phication effects on main utilization of lake water resources — 1978-1979. ( 1981)

No.25* Comprehensive studiés on the eutrophication of fresh-water areas — Growth rha.ractenstlcs of
Microcystis — 1978-1979. (1981) . : . . .

No 26* Comprehenmve studies on the eutrophication of fresh—water areas — Determmatlon of argal growt.h

potentxal by algal assay procedure — 1978-1979. (1981)
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