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Abstract

The aim of this project has been to elucidate the function of the ecosystems of river
mouths, channels, littoral zones of lakes, and soils, and to develop new methods of water
quality management by maintaining and stimulating the buffering capacity of these
ecosystems. The studies were carried out in 10 groups according to the ecosystems and
methodology. /

This is the second series of progress reports on the project carried out during fiscal
1983-1984. Eight studies concerning the ecosystems of river mouths as well as littoral and
pelagic zones of lakes are included.

The results obtained are summarized as follows!

The dynamics of matter transported by storm runoff near the mouth of influent rivers at
Takahamairi Bay were studied. Most of the particulate matter was precipitated in the
backwater region. A short-term experiment on algal decomposition in dark revealed that
species composition of algae was the controlling factor determining the rate of decomposition
which occurred after a certain lag phase. The hypertrophic ecosystem of Lake Teganuma
was characterized by its high phytoplankton production, low zooplankton biomass, and the
extremely low biomass of zoobenthos.

In the littoral zones of Edosakiiri Bay, the biomass and primary production of emergent
plants were much higher than that of floating-leaved plants, whereas the turnover rate of the
latter was much higher than that of the former. During the summer, Microcystis dominated
and covered the lake surface, thereby suppressing the production of epiphytic algae. During
the winter, however, epiphytes seemed to play an important role in nutrient cycling. An
experimental study showed that daily production or increase in a floating-leaved plant,
Trapa, increased with increasing DIN loading. The plant switched its nitrogen source from
sediment to inflow at a certain level of DIN loading.

Spawning migration of crucian carp was not clearly observed in the 1ittora1 ZOnes pf Lake
Kasumigaura when the within-day fluctuation in water temperature was small. Acidification
of lake water by nitric acid which was generated at the mud surface of lakes and river basins
caused low alkalinity in lake water near the mouth of the inflowing river in Lake

Kasumigaura.
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I—1 A OBTRRANE OLH
Dynamics of Matter Transported by Storm Runoff
near the Mouth of the Influent River

BERE « tHIEFIA « BFEHE—
Takehiko FUKUSHIMA!, Morihiro AIZAKI' and Senichi EBISE!

E B

B AREASNRE2Imm OBRFFEMcEREELRL L LT, BAIAITOREER
WR ks, BEETOKE, HBREOELE2RAIL:, BERCIEBEREENR
BioginT 0%, HeBEEORERE TS, TR, BRECH /oo L a R
44 VAEREDY L, ESEEEEREOBE NN 2, BRHOPEIMATRIOR
EWEEA E 2, AIRENERSCHECREIWECEIRABAEREEIIOVAVIER -,
WEAEOLOOS BB L, BEROXRSHEIEY Y2 rvOEECHAant b
DHB, FBEEOWES S, WAL DOOERETSE%, BHREETHA0% R
FTK LIy 7305, WOANBERINIBEE L TROBROHEIAE LD, BERK
BHEIN G-k T RIS NIy P T AESENE ¥ 2 2 ESAETH D,

Abstract

The dynamics of nutrients and other water qualities near the mouth of influent rivers
in Takahamairi Bay, Lake Kasumigaura, were described for the direct runoff period
due to a rainfall of 23 mm. With the remarkable increase in nutrient loads, their
particulate components play a more important part than in dry weather. In the
backwater region and near the mouth of influent rivers, the concentrations of
chlorophyll-a and metallic ions decreaced because of the intrusion of river water with
low concentration, whereas those of inorganic nutrients such as ammonium-nitrogen
and reactive phosphorus increased. When the direct runoff came to an end, these
concentrations returned to their pre-storm levels. For this reason most of the
particulate matter inflowed due to the storm settled mainly in the backwater region,
and much of the dissolved nutrients was taken by phytoplankton. From the nutrient
budgets, 40 % of the total load on a stormy day and 55 % on a dry weather day were
trapped in the region near the mouth of influent rivers. Since the dispersion effect has

1. BEEoer AELEBEY 7305 KRR NESmEE/BF)I16& 2
Water and Soil Environment Division, the National Institute for Environmental Studies.
Yatabe-machi, Tsukuba, Iharaki 305, Japan.
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an important role in the transfer of nutrients into the outer region, the construction of
a lagoon is deemed effective for reduction of nutrient loads.

1 @rwic .

HEOBEBELEHET 2HBERCEBLDOLONH 5, MARWEHMT 2 2 LHEFRT
H3, WAMNOMOEE S 77— bT 2 L WIFEERGZD—2TH D, FREFRROLE
BEWHREE OMBTCHEASRREL LTET N TWL D,

I 7 — v OBRENC YT - TRFTE, MNTORBEEMECEHCHET 2RI TTRTH S,
i, Zhe0WEOMIIFMHEAFRIZBERCAS <N 3 cenmEshtnT flal
VEEN S, 1979), —EHICHML 2 AFSEAS 2 LI ZOROT IS TOWEBRRC LD & D
REEEEZ AR HETE I ENBEEE -T2, IOLIRBEAL S, BoERBEAERY
FAEE LT, —20RBNERFICH)INEERE LA NSAEEC S RH T2 RELRH
WL, PO TOMERBORT 2T %, BEI BREOMNAHEZL 2B L 738
BBy (RS, 1982), ANIMHAREEHEL Twad, BEEARCT 72 LBEFRD
BHThHb,

2 h &

2.1 HEAkBrB|AH=

EEABRBI AN SHEAL TS, BNRE2SRE, 005 ER4 km @A EOR
WS EARE R > T W5, BEIIREEL, NHURcE2R T 2H0BHAENITEY, ¥
ARERTEC  HE®AN THEXHORDINMNERL Tnd, WX EMAHERLE R
Z/NEN T AARNBTROSCTHERTITH D, THIOEABEHRAL WS, M1CRTH
AE LD EHRO IMETHNAHEREORA 52T o7, IhsOHiE E TORMMERFEIIERICR
FTERIOEBNTHUEHTATSkmMPE RS, & D TR ORBESEET 251587, 1k’
BETHY, BEBROERLELE TLEEARI(H 10 St. 4 £ T) £EFEOFBERO 1 #L
FThd, ko, BN, YETRE LR 5 8 CARERHIE{T- 7, A OAKER St R
-1C1.5m, St.1, 272.0m, St.3T2.8m, St.4 03.5m TH 3,

2.2 BEFE:HEE, SHES

19844 4 B19~20H 1223mm () ORI H D, BREKEE » b 4 19813 1 00~4 21
13 : 0000 48E5RNIz 72 1 FINIED 3 Huh Tkt RS BIR 217 o 72, 202, ki, WIWTH3A
Lisks 2 HEER TEAM 2 To Tz, BRREOREL2R 200 4 A19~UBcERRA%
o, W, 4F208i 3EOEAETY, SLR-1 X0 EROEAE IMETLRAL,
F7:St.R-1 & St. 3 Tt EEEASE AV CERRKE | HEER G 72, AK20.5m kE&E»,
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B 1 BrAnfEARSIRANA

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

FREEAE (2 m) #HWTIT=7,

FEFHERICTRT LBV TH S, RERENFIALZCATHEL 2. WEYIR SR
-1, 1, 2, 3, AO5HETHERNS v 7HEES, 1984a) FHLTHRRL 2. AR
HEEME (1984a) OLO LRI THDERT S,

B 2 1221976~ 19834F 8 Hv4Fiz T AT B (RBAF36HE13.94r, BRE140811.653), L (RAE36RE
5.64%, FRELAOFI2. 74 A B 2 EBRT -2 2 &, BAE%25 mm JLCRIL
THE, TRARCED2HESETLELOTH S, 6 R ERRE 0 28K L 55 BlE
DB & L THA T2, 16~35mm OHEIZ IV 2 BRIERICH20E D D, BEAKRO0%HE
G5, SHMGEE: L TGREALRE2mm CRESOFH O LWL, KITERE LTI 4HA
5H17Tmm, 4 H16Bk 2 mm OBRBH -,

ke, FRETBoNL T - EL L, NO; 2 b —¥—L L CHERAOSECRET 2K
R (1985) 1, TR EEERE O M EER S (1985) 12, #iEH O ERrED BT I3 e
51985 B BESINTWVS, JOkY, FRXTRINSCHEL ToFRRITHR Y,
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Table 1 Measured items

b= wild, Ak, Akdr
BO® 22# (TN) », £V (TP) *, BREIHE

TrEZFHEEFR (NHANY, EHERESE% (NO, NI,
® K 3 @ TEMEEER (NO,--N) ¢, 2BFEER (DTN, UV REY > (POP),

SEEHY ~ (DTP)*, 7, S04, 80,7, Nat™, Ko™, Mg=™, Cat*™oee
FANF—~ 88, 7un7 e, BEEEREE (POC)*, BEEEHRA% (PON)*

B ERER, Uo7 AgBRY, HBRESRY AHRINEGE, ) ARy

Xl A~LTFFIAF— (Fr=a), *2;ICP (Jarrel-Ash Atomcomp), #*3: SCOR./UNESCOi%,
%4 CHN 3 (&)

[142.4 @29 ,
> o Mean of Times in
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Fig. 2 Characteristics of rainfall at Kakioka and Tsuchiura
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Fig. 3 Change of precipitation and discharges in three rivers

LrbICHBY -7 OBASERS, JOREL L, WBY-JHAORNREREREL, ¥
DREZDEEAEORHLES L > THRFAOBEO 2 I (BXRFFEFL) ORHBRORRE L
Lize 2%, MBHE—7BETLERFOCZNEFCEL L > RAE L > TRROEES
bR L L, 2Ok, BREEHMIETREIITTME, Ko/l T69rsm, WE)T29
RS L 2 o7, 4 F19813: 00~ 4 F22H12 | 00RIDMBIAKRIZNL. IX10mM L5 D, BEA
BEFROWIL6% I LT 5, TR TOKROFLFG IANIGEH T2 A% TH 212, F2, (1)
CRERE1IOAESW THRBORHR S DB TxRT, B (19811 & 38— ERAEOT
B e, ZHRINTAE (, WENTHETFAS L, &7, (2)KESHRROMBREZELET
BRO BB L AREREFHEL R ERT, 3G THRED, HBRTL895, 38T
2904, COD TL0H4%, TN T5.884, TP T9H4, NH-NT2.905, NO, -NT5.9H
5+, POS-P T0.8HAZOMISE U 2 Lptbh s, —ic, BEERS TRIROBINAE
FoREVEENRSN, BEETRRABEMNSLBEL 2> T3, i, WEND PO
-P, DTP O L3 cHBOMME L b BEIZBCHIL, AREL L TOERRETES &
Shyr—ASHET L, RESENT S I Ltk o TREMNERAT 2 KHE LTRSS, COD,
TN, TP, POC, PON #5560, ZisDKERED Y —7 d—HHICkEE—2 X0 1~ 2FHE
v, MICET T 3 b0k O, SO, Na*, Mg, Ca®, EREHESSH D, KHREOH/]
RARE—7 & DREHERS 2 L0 B v, ORI L > TRIEOFHESRZ 27,
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£ 2 HIImEar#
Table 2 Inflowed loads in a dry weather day (1)

and increased loads for storm runoff period (2)

(1) BROZEOLWHMTOR) (FLamE
fi# SS COD TN TP POC PON NH*N NO~-N DIN PO~-P DTP

1*mi/d t/d t/d t/d Kg/d t/d Kg/d  Kg/d Kg/d Kg/d  Kg/d Kg/d
WEH] 52.8 1.2 0.60 0.20 25.4 0.34 50.2 87.8 24.7 146 10.8 12.0
AN 60.0 0.43 0.19 0.11 1.8% 0.076 6.72 13.0 85.8 108 1.15 1.4
o) 38.0 0.52 0.19 0.20 3.74 0.085  9.12 17.3 134 169 1.03 2.33

@) BROEECLAINEARRE (VDFRELEIWTLE)

bihes 55 Cop TN TP POC  PON NH/#-N NG, —-N DTN PO -P DTP

10 t 1 T ke 1 kg kg kg kg kg kg
N 43.1 13.5 231 0.50 72.5 0.98 138 9.3 67.4 83.5 -5.1 -5.0
7l 486  55.4 5.44 1.72 151 2.95 3 205 973 1346 16.5 19.4
FEo| 195  15.4 1.8 .76 55.4  0.90 124 134 420 641 5.0 5.0

3.2 Ao ToXkERERE

BROAKIIE R AROMIC L > T ERL LM, 20OKE235em BEL/NEhot, 24
ik SS, 7uu7 4a, NH*-N, Natiz oW T 5 S TOKREEILOBT 7T, SS T
St.R-1, 1B THEROPE L 28MMESRD, 4 A20HI2i St.R-1 &) EfioEA
BAIHMATHHERTo42, SSBEOY — 27 EREEE L, BT T2 citvuhi ) oBg
PnEARETHREL b 0 L #E S h . BEPH T OFRAKTE SS BE 3 #H84mg/ THED
KHMLT, St.R-1DE—7BEHNdME/I THEI b bRELUIEMEESNS,
IHZHL St. 2, 3, 4 T4 A19E,S2IHE 23 THAOMEMBR G, 7oa 7 40
a THAMRLERTHY), BEROBVESSOEBETLLEELEio02, 7007 4 L a O,
DEFERMEZERE VY, AARHCEBRIOLVAVICEELTWE, 7007 44 a D
YOBBE LTI, BEOBVANIASFHAL CERaA:ZE, BRI AHESSEDY,
BEOLEE, 78, KTRYOREsFEZSURERLSERLC L EnETont I,

iz, NHA-NTRBERBCEIZCBESEL, ANAORTE L L BEEOEE M 1Y
B, MWEBPELTwE I 2RT, BROBEBEIBEOMINL L TR BRTEL Y — 228
WV, E— ZEHIE St. 3 TENS L OORBMENREA TR v, 4 B2R2EDRE TR Y OME L
LEFAOBRECRE-TWwA I eaiEHERS, BERILZER, MEOBMRLHETHLS
B, TS5 s b BEOEEOLD BRI NVEBEBCEELbOnSwEELOND,
Na* TiRFRE i BEIE Y REMEC, BREOAIIA:BBEOBMLAEOKDESD &
BafiviRE > TwaeELOND, BRREMORHEAZEENME CRIIZCBEETHHBL Y,




ANRORRAFRANEOED

601 o—a SLR-1 0.6
50
= 3
3% £
° z
3 30 w
z
20
101 011 A
0 ;_':—“"—_“/H-....hz...- _________
417 18 19 20 2 22 l 23 24 417 18 19 20 21 22 23 24
Time Time
150
£
2100
a i
L . Jdor -
= : - o
s A - E
4 bt
‘_c:: \) o StR z
G 501 — 5t 101
—-a 512 - — Gt
o-ee0 SE3 -——a 512
- 514 oo 5t3
/ ) +— Sta
o - N
417 18 19 20 20 22 23 24 . 417 8 19 20 21 22 23 24
Time Time

E 4 SS, zwuw74ia, NHAN, Na*o®IETOZEL

Fig. 4 <Change of the concentration of suspended solids, chlorophyll-a,
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7oa74ha NHA-NERUC 4 A28 ORE TRMATO VY ~VICBBL Twv b,

b KB ik Catt, Mg, K*, Cl-, SO ko7& BA 4 % Tid Naro28 & -k
%17, NO;--N, PO -Pi NH*-NOZEEEHTWZ 4 00E s D& PR REH -1, TN
NH,*-N, NO; -NOZficuETFRENER T2, TPRIETHLIBEEY ~ (PP) O
ThicfEnSS AL & 5 2 E % T 5, COD REHEEAAIKOWEGFE T 2K L0
BSBHE TRV, BEd 2 b2k, 22mm OBR L - THRER, 2B 4V BREFRET
L, ERESEEHBEREINL,:, FORBIBREREOFNKE W, 2z, FHIIRLEIHEXRE
OECELBES SR TIHEEIIHEEL, BREIO VRV ICERL,

3.3 R

WEEEE250.5~ 1 m ORECRBLL N7 v 7 THEL, 2o, BRELO#E:
T20BERLELR S, HEHOrRYORALLEHIEREE POV TE I Z v 7
OKBECEFNT2 LI RHBESELTZ I Db oTwa ) (BES, 1984a), 22 TR
Bz (b5 7OKE) /(BHEEDKE THRLTERE LOMHEE Lz,

H5 i ERERcSLWTHRY 5 v 7 ADELETRT, St.R-1 CREMKEDOZ L &2
BNt a, THICHLTHATIZ4 B198, 22, 23H®<, 4 H20, 21, 4H 2w, E5

Mean of wind velocity in a day (m/s)
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Fig. 5 Change of deposited flux
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IR ABETOREYRENTLLHETREL TH L, BEOBVHIAE{, #Huiws
S AHERASR NG, £, KEORIMIEWEZREEORER7 7 v 7 ARELLTWBR T E
B, HE LFORELEL SRD, HBYHOESRIIOVTIE 4 TS,

4 = =

4.1 FANFKEE

FINHBRES2EZ L W BRABHREE 2SI OFRBEETRL TRt KE(E Qe
A) wownTE IFENOMINEZEL ERBOMHFCEND VI L¥bi3, COD, TN,
TP -2 E Sl b — 9 VOAEORMERLY ) ORLE (3 Lo/ /4) &, TED
ANQUENTHOBABRMAIIcAEERE{ Z>Twd, ITRENL THEFEEXKZOD
-COD, DTN ,DTP Tz HEMA N OF K E v, (WENO & 5 L) i Ty, BXRE
WHERCEY, I Tueb 0, ARMCHEEL {TEENZCRBYNTES AT ER
E{LbDEEZBND, EF, I3 LEFITREFEVEORKRICE T 2RBE»RD
B, BERTRBESFSOTRAMEEICHS 2 s, BREROBFRERSOREES 1L VE
LD K- rEIONS, BERIBMIE  BFRBEOANTHAOREFc L T
Onor AL S/ ArOBRFEFBTEREFTVELERAL Twa, IORRRLERTSEES
L= 3 OMERIIZ, COD, TP T L/ APKELIOOMOKETIEL L —BL T3,

4.2 WXE, BRETOPHENEX

St. 4 $ CORBEARTC DL ITHENRZ2#E L. BREBLLTIREL, (1)0RAR, 20O
B TORNKEX*EERBLRZ L CHTL 2, BREE L TEBREED 4 AVB LIRSS,
FARKCEBROBESRA SN2 %o/ 4 A2 O 3 BRI +EAYME L, WHER
TRFEATERENE,

AS=(\?ln_chut'l_}em"‘1)‘*_1;‘_Qun (1)

= 3 AN B 5 BATEERL T 0 CRFRFLE

Table 3 Storm runoff loads per unit watershed area

AR B R 7 EORMATRLYS 7 D OBBREL./Alkg/km?)
TR ) o B Qe
net,
AKMY e ey COD TN TP D-COD DFN  DTP
WEN 124 3.48 186 40.3 5.85  10.2 673  —
7Rl 181 3.22 36.0 11.4 1.00 13.4 8.91 0.13
Kol 54.4 3.58 6.4 14.0 1.02 180 118 0.09
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A S BETHEEAETORN TOEREREZ(L TS, BEBREBACOKE L 20MHmADRE
TAEWeOBpoBHLE, 8, 3Jbliaid o wkfEELid/ s dF0RER
ZRL el QuEFEl»o0RERETHD, BEBCRBERESLEDELRARTH L,
Qoud M FRAE» S UHE N2 YWEET, St. 4 TOBEELINS LI Eh s, EiFHHTO
St. 4 OFHBE IR AE L HERAR S ORI EH TRo M, R EEE~OBAKIHES
AR TRAR L RAEE (5, 1984) #8# TEM L. D @S8R L 2 /KR~
MARELWIIFHERETH L, RTUE (Qn=0) LF 2 oh 2 Na*, CIroliks»s D #WE
L, REAAOTHREBRE 2#EL:, TOE 2AwiboWBEO D 2EELE,

D=EA,(aC, 2x) (2)

i AEHAHAROWERTSHY, (8C. 8x) BBEZSETHL, (8C 8x) = LTH
S5t.3 & St. 4 EOBEOEEA VT, Fito/ OFMER & 28R THES (198D #53~5 Fiox
LTRLIOXEToOEERw, BRI, QuilliERETIOBERS» S, BEREOWE (&
BEEF (IN) #4505 NH,*-N, NO,°-N, NO,;"-Nofl, PO, -P) TRE BB L

-t - 164
wator 1.04 ~ . '
{m’/s} wﬂm),tmg"%;

(Dispersion coef.)

. 2.4 =l e 3.1
Na (t/d) -— 07
- 23 = e 39
Cl o F < 16
Qun Fise  q..
N 514 b 175
(kg/d) T 86
Q,.¥asz o
}s
370 wd - 80
IN (kg/d) 321 Qun 47
bios
A 164
TP(de) ﬂ 69
254
08
Pof—_P 13.6 wbie e 0.7
tkg/d) 133 a6

6 BREOWEINZ
Fig. 6 Mass budget in a dry weather day
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LiER, R, BEELSD T b—F LOKE (TN, TP TRECHREBESOKERICL S
HEELARTHOLEFEZLOND,

B 6 i BERME, B 7. MEEFOKE (Water), Na', CI-, TN, IN, TP, PO,* -PO¥HIX
Y OBTERT, SRR E OERERENCL.0m2/s, BERERIC10~20m?/s £ 5z, COWE
THBECH 2 PEC O VAR HETE #HELL LD 50, ZOKBRIE 1 ~20m*/s
ThH-ot: (K- B8, 1981), ZOWEREFVIETHEY, BERLBREBCESKEVD
i, S&goBCinL T, BRBTOERREORENBE S L TWih o RN D 5,
C DA TIRERBOIE IBEREONE EAETRESE L 0L EL NS,

®6, 7H TN, IN, TP, PO -PONE* A5 RO L5 X T Edbhd,

(1) BEECEANIRAC S 3 BBIEFEED Y 1 P BERE DY, BiIZY » T
it PO -POEE, BREFTOTX ML, MEBTLZR LB Tn3, MitkTelkEL L
b0, EERSSEMLI b EEL SRS, _ |

(2) HRAE»LREDALTHREE LT Quny Qou, D OHIGERHT 5 &, HEXEFO TN T

6.6x10°
i
115010 mupelps- — 122 % 10"
wate{m ) = 19,4 { Ma'),12.3(C1 )
(Dispersion co’o‘t.)
0.8
T s
N 15.5 i — 26,6
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Fig. 7 Mass budget for storm runoff period
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i EREFN58, 29, 14%, TP Tik52, 34, W% THYH, BEED TN Tizd0, 23, 37%, TP T
337, 23, 39% %R D, FEEEOBINCL > TREMIETER D OHESAE L, QuuOESitR
REFTHIDG s, BEMBFTHI0% L, BERTECOMEN I 2 v 78R TLES by 3,
IS (1981) @ 2 EMCh 38 TR D oMREERE A Tuk g, TN T42%, TP T
N%HBHET 2 EREEINTHT, FROBELE»RVEVWEEE L 2T WS, 28, BRELZL
EWI - T RIS AR VAR, TOKER Ty FERIEREOE
T s rnFRENS,

(3) EBEEETHAN»HALLONERE, BEECERANIFFEIBREIN T
72%, PO -P791%, BEemEF IN ©T53%, PO -PT40% &kt %, MEREEFIC IS B R BFM 0% <
BNEHANIEENEL ko EEZORE, Z0D, KOKEABET2EFEOHD
HEINTFREOE S, BREEOERTIY, V> T6 %o BRFOERTINY%, V2 TE%RI
EFHEI0T 3,

(4) EBBTEEO Qunillt~, F—F 10 QnOFBKREL, T4bs, BREBEERFLLT
BB ECEDNAROF VP~ REEF L > TEES N D BICKE~KE L,

4.3 LB, BREPOERN
FAXZ4AVE~22HMBAR 4 EOEE N7 v THINED 6o N HERE & £ 08K
EETRT B OL TR, HAEOTEE L St.R-1 TOEE Y 7 v 7 A CEAERO. 067
km*ERUTEHL, BRARFORBRE L REAREOSCIAEN 4R TOXEY 7 v 7 A
KEAREHEREHIZLO2ELTEE L, Al sfiALZLD, AMEESRI-LOD
WERELCEE EITRLI- TR, TRENL, ZOHBEOMILSoRARR, $891.7¢t,
POC7.10t, PONO.91 t, PP0O.29t TH»>7:, F/2, B TH S Quid TN2.4t, TP0.22t TH

£ 4 RERE X UEI O MR

Table 4 Amounts and contents of deposited matter

GEEE Juuviig  HRRER R Y

HABTOWBR (t) 221 0.092 19.5 2.33 0.68
B ABE SR T OWRR() 1534 0.612 91.7 11.0 3.14
a8 (%) St.R-1 0.042 8.8 1.05 0.31
st.1 0.033 5.0 0.55 0.19

St.2 0.050 5.6 0.67 0.18

St.3 0.039 5.6 0.71 0.20

St.4 0.039 6.1 076 0.16
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D, 23 LiHECEARIDOHERPEDAE N, BrfiDd ) kEom o KETizEs L
EH% <, thBYOPROSMENENICITA AT RERBRE L PENZ L OMIEEEZ S 2 L)
BELTAREEVL D,

ReFRA4OEREESL L, BRTREAD,LSELL - TESRIENoERNR N E,
BES (1984b) WRLAL I, B2 LFRMKEOE L bERITEILDEELONS,
zhwexl, St.R-1Treh BuEELBI S Az, B8k St.R-1 ToBREY, LBy
DEEOELE 7T, BEUTOSBIL SSEBENC -7 %5 4 A0BBECRNERZD, 20
HBMCEEL T2, dBYFOSRGERMIICHE S, SSHEOY — 7 2 SUHcR/ L
kY, —HMofirkEsBENTOSRL VEL, BES (1984a) i L hif St.R- 1 OERAR
¥ POC 3.2%, PON 0.27%, PP 0.15%TH 57 ®H, B2 LITPPREZ I LT > TERY
BFLibDEEZONE, £/, BREMEMETO IAIGHOREBEYPHERR POC
7.8%, PON 0.99%, PP 0.32% ChH o7, ZHHDEICEE~R St. R- 1 DEBYOMEIE—RICE
Vi, St.R-1IZET2ETOEMET, 2O LAKEECESROBVRITERVETFICH<XY
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Nutrient Regeneration by Decomposition of Lake Phytoplankton

FEIRFSF ALY - BT 72
Morihiro AIZAKT' and Norike TAKAMURA?

2 8B

W77 7 b OBERGETREBT2EAR*E » HOWEY 77 7 b 2 HRICH
Rtz REREYE, BRABESERV o7 44 a B 1 ~4 DOERBMO BRI ED
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Abstract

Short-term decomposition processes of lake phytoplankton were studied using
natural phytoplankton communities of Lake Kasumigaura, a shallow and eutrophic
lake in Japan. Changes in the concentrations of particulate carbon, nitrogen and
chlorophyll-¢, inorganic nitrogen and phosphorus, dissolved organic nitrogen, total
heterotrophs, and photosynthetic activities were determined. Since initial lag-phases
of about 1~4 days were observed for the change of these concentrations,
phytoplankton maintained under dark condition seemed to be alive in these periods.
Decomposition then began. Decomposition could be described as a first-order process.
Kinetic analysis showed that not all analyzed components disappeared at the same rate
during the decomposition process. The relative rates of decrease of the measured

1. ElAEMERR KELEBEE T3I06 FOREFE M ER S HIAT/ NS 1165 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba. Ibaraki 305, Japan. '

2. BULEWMRE £9REST TI05 FHBFKELS HISET /B 1163 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

— 29—



FBISFEL « KT

parameters were as follows ; particulate chlorophyll>particulate nitrogen>
particulate carbon> organic phosphorus.

Photosynthetic activities rapidly decreased after the initial 1~4 days with the
progress of phytoplankton decomposition. Dissolved nitrogen and phosphorus
concentrations also rapidly increased after the same period and reached their
maximum after one to two weeks. Decomposition rates correlated with water
temperature, but other factors seemed to be important to determine the velocity of
degradation. Algal species composition seemed to be one of the important factors in
determining the decomposition rate. Green and blue-green algae were easily
decomposed, but diatoms resisted decomposition.
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Table 1 Experimental conditions and dominant species of phytoplankton in each
experimental time

Exp. time domiant species W.T. (C) Condition
Jul, 1983-1 Anabaena flos-agual 25 aerating
Jul., 1983-2 25 static
Aug., 1983-1 Microcystis 25 aerating
Aug., 1983-2 25 static
Sep., 1983-1 Microcystis ‘ 30 ’ aerating
Sep., 1983-2 30 static
Oct., 1983-1 Microcystic 20 aerating
Oct., 1983.2 ( Melosira) 20 static
Feb., 1984 Crysophyceae (Cyclotella) 5 aerating
May, 1984 Synedra  (Aphanizomenon) 13 aerating
Jul., 1984-1 Microcystis 25 aerating
Jul., 1984-2 25 static
Jul., 1985 Microcystis 25 aerating

{ )} Secondary domirant species

(981N iR~ ik, FBEFOEITRIGA AT R FECRB L TiTo 1,

I8 R
3.1 PFREIE: SRR
K75 7 b OBRE T COMBIE ZEHERE ORREEO—HIEH 1 KRT, -
OEBIIIBIET ACREENTT T b0THES, 7ou 71 aChl, o), BEARER
(PON) B i3 —E B BRERD Lk, BTEOXBERRUEHREY » (PO,-P) BER—
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Fig. 1 Time course of each parameter attendant with decomposition of
phytoplankton in July, 1984 under dark and aerating conditions
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Fig. 2 Time course of Chlorophyll-¢ concentration in each experimental time
under dark and aerating conditions.
(@), Jul. 1983 © (O), Aug. 1983 ; (x), Sep. 1983 ;
(&), Oct. 1983 : (A), Feb. 1984 : (o), May 1984 ;
(m), Jul. 1984 : {w), Jul. 1985.
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Fig. 3 Time courses of photosynthetic activity in each experimental time under
dark and aerating conditions
(@), Jul. 1883 : (O), Aug 1983; (x), Sep. 1983 ;
(A}, Oct. 1983 ; (o), May 1984 : (w), Jul.1584,

# 2 EBE-BEETIBI2DIN, TIN, PO-PBES ZBUCHML 4
HAHETICELLRRM (b RUPOC, PON, Chl ap = ks
BWNBEICED LD 2 2 CICEL M (h)

Table 2 Lag times (h) of increase of DTN, TIN and PO,-P concentrations, and
decrease of POC, PON, Chl.z concentrations and photosynthetic activity
in each decomposition study under dark and aerating conditions

Exp. time DTN TIN PO,-P POC PON Chla photosynthesis
Jul. 1983 20 15 35 10 40 60 15
Aug. 1983 65 65 75 25 140 115 75
Sep. 1983 50 70 126 120 129 70 149
Oct. 1983 65 65 0 45 115 45 115
Feb, 1984 20 20 — 140 140 70 —
May. 1984 70 70 70 0 95 95 20
Jul. 1984 — 45 70 90 90 70 105
Jul. 1985 — 20 20 20 20 20 -

CORSMEROEEAS L, BRI LZEEOWEFETHECC/NIMN6~TRE»S HERS
TEA L, C/chl-a L EHIC L D5BLIEH SN0 A 8, 60~TORED 550K & THA L7z, #Hk
T2 HAPOEBREREZ OB TRIEY S 2 itk DRIRERBS LT
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Fig. 4 Time courses of TIN concentration in each experimental time under dark
and aerating conditions
(@), Jul. 1983 ; (O), Aug 1983 (x)}, Sep. 1983 :
(A, Oct. 1983 ; (A), Feb. 1984 : (o), May 1984
(), Jul. 1984 : (w), Jul. 1985
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Fig. 5 Time courses of DTN concentration in each experimental time under dark
and aerating conditions
(@), Jul. 1983 ; (O}, Aug.1983: (x), Sep. 1983 :
(A), Oct. 1983 ; (A}, Feb. 1984 ; (o),May1984;
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Fig. 6 Time courses of PON concentration in each experimental time under dark
and aerating conditions
(@), Jul. 1983 ; (), Aug. 1983 (x), Sep. 1983 ; {(A), Oct. 1983 :
(A}, Feb 1984 ; (o), May 1984 (m), Jul. 1984 | (w), Jul 1985

= 3 BR-BEETCBUI2EXROEPEE L PON O MFEE EHREY
Table 3 Regeneration rates of nitrogen from phytoplankton decomposition, and
decomposition rate constants (Kx) of PON under dark and aerating

conditions
i Regeneration rate (mg-+{~'-d -}

Exp. time Ky (d-1)
PON ¥ DTN ® TIN @
Jul. 1983 0.092 0.158 0.115 0.129
Aug. 1983 0.082 0.176 0.104 0.156
Sep. 1983 0.101 1.040 1.594 1.033
Oct. 1983 $.033 0.097 0.074 0.066
Feb. 1984 0.029 0.008 0.018 0.007
May. 1984 0.015 0.037 0.030 0.068
Ful. 1984 0.096 0.365 - 0.338
Jul. 1985 ¢.074 0.722 — 0.562

1) Regeneration rate calculating from Kx and PON concentration.
2) Regeneration rate getting from Fig. 5
3) Regeneration rate getting from Fig. 4
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Fig. 7 Time courses of PO ,-P concentration in each experimental time under dark
and aerating conditions ‘
(@), Jul. 1983 ; (Q), Aug.1983; (x), Sep. 1583 ;
(o), Oct. 1983 1 (A), Feb, 1984 1 (o), May 1984 ;
(w), Jul. 1984 ; (w}, Jul. 1985.
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Table 4 Regeneration rates of phosphorus from phytoplankton decomposition,
and decomposition rate constants (X,) of organic phosphorus under dark
and aerating conditions. K, was culculated from regeneration rate and total

phesphorus concentration.

Exp. time Regeneration rate TP K,
(mg«/"'-d"" (mg-17Y {d-H
Jul. 1983 0.005 ¢.060 0.038
Aug. 1983 0.008 0.144 0.025
Sep. 1983 0.072 0.722 0.046
Oct. 1983 - 0.230 -
Feb, 1984 N. D, 0.032 N. D.
May 1984 0.003 0.195 0.007
Jul. 1984 0.017 0.174 0.045
Jul, 1985 0.039 0.431 0.041
50

POC ( mg-l™")
T u - a

0.5

-]

100 200 300

Time { hours)

{8 ER - EEHTCS T IRRERRBEORIEEL

Fig. 8 Time courses of POC concentration in each experimental time under dark
and ‘aerating conditions
(@), Jul. 1983 : (O), Aug.1983: (x), Sep. 1983 :
(), Oct. 1983 ; (&), Feb. 1984 ; (o), May 1934
(w), Jul 1984 : (w), Jul, 1985,
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Fig. 9 Time courses of TIN concent ration in each experimental time under dark
and static conditions
(@), Jul. 1983 ; (O), Aug 1983 (x), Sep. 1983 ;
(A), Oct. 1983 ; (w), Jul. 1984

# b BB -BEEAT TOEBEEROEREE L PON o #EEE R
RUKN/ Knlt

Table 5 Regeneration rates of nitrogen, decomposition rate constants (Ky") of
PON under dark and static conditions, and Kx'/ Kn ratio.
For Kn values refer to the Table 3.

Exp. time Regeneration rate PON Ky’ Kv'/Kx
{mg+ /"1 d™") (mg-{"Y {d-H

Jul., 1983 0.113 0.656 0.082 0.89

Aug., 1983 $.109 0.840 0.060 0.73

Sep., 1983 4.678 4.567 0.070 0.69

Oct., 1983 0.066 1.222 (.024 0.73

Jul., 1984 0.215 1.786 0,056 0.58
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Table 6 Comparison of decomposition rate constants of several component of
phytoplankton under dark and aerating conditions

Exp. time Chla POC PON Org - -P
Ken(d™") Kd™" Kxid Kp(d)
Jul, 1983 0.185 0.098 0.092 0.038
Aug., 1983 0.077 o 0.047 0.082 0.025
Sep., 1983 0.120 0.076 0.101 0.046
Oct., 1983 0.049 0.027 0.033 —
Feb.,, 1984 0.033 0.036 4.029 N. D.
May, 1684 0.016 0.305 4.015 0.907
Jul., 1984 0.205 0.069 0.096 o 0.045
Jul,, 1985 0.111 0.066 0.074 0.041
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Biomass ef Plankton and Zoobenthos and Primary Production
of Phytoplankton in Lake Teganuma
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Abstract

1) Biomass of phyto- and zoo-plankton and zoohenthos were investigated at four
stations in Lake Teganuma mainly from May 1983—April 1984. Primary productivity
of phytoplankton was alsoc measured at St. 2 in the upper part of the lake.

2) No thermocline was observed in the lake. Oxygen dissolved in lower
concentration in the bottom layer than in the surface layer of the water column
especially in the summer, but was not depleted. Secchi disc transparency was low in
the range of 0.33m at S5t.4—0.46m at St. 1.
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Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi.
Tsukuba, Ibaraki 305, Japan. .
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Engineering Division, the Nationa! Institute for Envirenmental Studies, Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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3)  The chlorophyll @ concentration was high throughout the year. The annual
mean concentration ranged from 304 ug /7' at St. 1 to 383 4g [7! at St. 4. Diatoms
(Cyclotella sp.) bloomed in the winter; green algae (mainly Micractinium pusillum) in
the winter and spring; blue-green algae {mainly Spiruling sp. and Microcystis spp.}
in the summer and early fall; and cryptophyceae in the fall and winter.

4) The gross primary production of phytoplankton was especially high in August
and September when blue-green algae bloomed, and correlated with the water
temperature and solar radiation. Community respiration exceeded the gross primary
production on some of the sampling days during the algal bloom. The annual gross
primary production was roughly estimated as 1450gC m %y~',

5) The annual mean zooplankton biomass was 364xg dry wt {~' at St. 2 and was
predominantly shared by rotifers, in turn cladocerans and copepods. The high spring
and winter biomass was mostly occupiled by cladocerans and rotifers, respectively.

6} The annual mean zoohenthos biomass ranged from 104 mg dry wt m~2 at St. 1
to 557 mg dry wt m~? at St. 3. Zoobenthos was mostly composed of oligochaeta and
chironomids; the former dominated in the upper part of the lake (Sts. 1 and 2} and
the latter dominated in the lower part (Sts. 3 and 4).

7) Lake Teganuma was judged to be hypertrophic. The phytoplankton biomass
and its gross production were much higher than in other eutrophicated iakes. On the
other hand, the zooplankton biomass was not higher and the zoobenthos biomass was
far lower than in other eutrophicated lakes. Further investigation should be conducted
on these features of the hypertrophic ecosystem in Lake Teganuma.
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Fig. 1 Sampling stations (1-4) in Lake Teganuma and annual means of
secchi disc transparency at each station
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Fig. 2 Water temperature and dissolved oxygen concentration at 5t.2 during
April 1983 - May 1984
Solid line with open circles indicates the value at the depth of 0.2m and
solid line at the depth of 1.0m.
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Fig. 3 Chlorophyil a concentration at Sts. 1—4 during April 1983 - May 1984
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Fig. 4 Abundance of major phytoplankton species at St.2 during May 1983 - May 1984
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Fig. 5 Gross primary production and community respiration at $t.2 during April 1983—May 1984
Solid line with open circles indicates the gross primary production and solid line the community
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Fig. 6 Relationship between gross primary production and water temperature and between gross
primary production and solar radiation at $t.2 during October 1982—June 1984
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Fig. 7 Zooplankton biomass at $t.2 during April 1983—April 1984
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= 1 St.2 kB3 zA) HEhBEREERDSEEL
Table 1 Density of six chironomid species at St.2 during May 1983—April 1934

Density {larvae * m~2)

1983 1984
May Jun Jul Aug Sep QOct Nov Dec Jan Feb Mar Apr

Procladius sp. 178 300 34 44 189 11 0 78 56 0 33 56
Chironomus sp. 0 134 17 0 11 0 0 11 22 0 22 11
Einfeldia sp. 0 ) 0 0 0 0 0 22 0 ¥ { 0
Glyplotendipes sp. 0 0 0 0 0 0 0 0 0 11 [\ 11
Microchironomus Sp. 33 22 0 133 0 0 il 0 0 0 0
Polypedilum sp. 0 0 0 0 0 0 0 0 0 0 22

Total 211 456 50 44 333 11 0 122 78 11 78 89

FRELTAORCHEESN, BAT1 m?57: D300@EEICEL Lo WITE WO Chironomus
sp. TH B, +A LAY A Chironomus plumosus D 4 MFHBENEFINT LI Eh BB
COBP UMM E EEZ SN D, W3 Microchivonomus sp. 8% £, Einfeldia sp.,
Glyptotendipes sp., Polpedilum sp. bEE STz, St. 2 TREE ST o788, St 4 TR
T AR ) A Tokunagavusurika akamusi 33 1 EQESL Eo AR s ),

4 £ B

FEEORY EBEIME (RER) W IHIZ1983ES E»51984E 4 HOHMIz 5w T St. 1
T820uge ™', St. 2 T662ug-1"", St. 3 T59Tug+{"", St. 4 T538ug+ "' TH =7z, OECD(1982)
OERBMEREOMFEE L, TREORY ¥ BEREF % (eutrophic) DR A M A TiB
%% (hypertrophic) MERFEIZL )z T 5, OECD (1982) oMz H 2 E I Py oo
T4 aBE, BRZ7O07 40 o BE, FHEHEE, RIEEEE 2ERBELHD0, 0T
NOBBEBWTLERBORB#8A Tn3 (£FHFEE X St. 2 TT.16meg- /' (MR, £F
#F))o

DI FEBIARERBCHZ LT 250, *OEFRLOBERBE L T
RowBThs, BECHOBXRBUPIEANEECF LD LI BEBRVRIT AT
W it, Barica (1980) #SHEECEHW ~KAEEN, TREBCS T BELBMOELL L EH
v 7 broglit, BuAELEF L TIASEERORSR TN « SR S&E LTHETFT
Vi, LBLEFFRCRFERTLARACOT, FEBOFC B TEFRELOEBHNEE LR
R
ﬁ%?ﬁy&}Vmﬁﬁwbtvfﬁwﬁﬁ%%%ﬁbfﬁo,&ﬂfb%m%%%moto
ERte (1984) KIhEBy BTHRCEFELDEANBEABER CRECHVWHAEENE
Heit, FEBIBIABFOBSBEEIRETH I, REER—HCATERESS -2 &
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(Atlas & Bannister, 1980) #REROFLXHFSLT020DLFI 505,

FRIEE— R AEERIT St 2 T1450gC - m2 - y ' L EH TEV, B S (1984) 1T L 21982 4
B 51983 3 A2 COBy HOIM SOEMB—REERBIRROME T768gC-m2-y7", B
NT427gCom 2oy ' THZ 0, FHETHBUARD LV TR HO2fH 23 thll o
B—REERNHDL LR B, JOMEIZ OECD (1982) OFIRALLEOEEE X202 T
VA48, Morimoto (1977) X1973E 45 3 EROFEFHE—REER - L T1571gC e m2- y!
POEERELTEY, BLERIZ Y IFEEOR—REERIL, CORLKECHERINT
wHELOEELILGND,

BY7 s b7 AVENBLETI, BrATOERBELORBIEARRIEATIRY Ay
ERRBIHEETL 055 (TS, 1977 HFT - BF, 1979 ©¥HS, 1981 JEH « L5,
1984), BFEHMITH V7 AVESHEENS I b aRESINTVLE (BRS, 1971, LHLEHs
BrA-AFHr b7 AV ENEREPYEFETCRS T2 2 Li@d ke, FHETO7 AVED
FEIRSMETH 2, Adalsteinsson (1979) 137 1 A F > R D Myvatn @ ILiaE T & &
DEEBRLVES, BHT7 7 P ETHIEHZOMARCRO TV AV ENMELETE
PREL TV, TFS (198]) OEHERUIEN T2 LV 2 VERELET 3 LOTFTHETFER
TRERCEI>Twd eELND, ,

—HEHMTZ 7 b DSt 2B A EMTHBERIE364ug [TVT S 2 DR AKERL.2
mEFEE, ZOMIT04g m BB END, 1981, 1982E0E »BOBEACBTZEAN
1.1gm*ThH % (LE-FEH, 1984) 2o, FEROEIBE  HEEAOITNOB L T30 R
BERL TH S v, Ziid Hanazato & Yasuno (1985) DIERET 2 L J W EREBAE DI L,
WS v LA —REEREY TS 7 b X B ZIREBITHE L {fElahiz <
KBZEWZEBDOME LAKRV, H5id Adalsteinsson (1979) OIEF T 2 X 3 W EER Lo
BEr7LAVEOP/BEMNESNEZ TG, PAVECEBSTAEM IS 2 b o BETHRE
AEEENEML T2 LTV RERRSERCRE - nEeTHIILA I b &2 6R 2,
WThC L2SBEM 77 7 P Y OEEACODWITLRET2LENH D,

EEBY E oS Ty ERENREFEE TIlgem a2 By, BrBORIRATIZI98IEL0H
H1982E 9 A2 COMED AU AR EA F I 3 AL OQHOFRTEREREZ B L 226
gem2Thote (BRES, 1984), FMFAWTH IR -BHE (1970) OFHE L 19695 D BHFRTR
(BE) ZrsEEs (1984) O%E /BELE IV CEEEYBRER (KH) 2#ET L,
AAVATBE2EOT ALY IAN A FA LAY AOEHIEITEL6 gm2EBL T, &
DI CFEBEOEEHYEN LR DE, TOWOEKEENER» SR TLRERNTHL L
HEES (1983) WX~ TFTEEMsATED, SO EELLEHS (1983) D22
AREROH— VY YERBUEIICH T 2ERRICE TR 5 LERER L DiZ 22T #Y
i37c4 %, Hanson & Peters (1984) 33— v 2T L LEROBIC LT Y& &ELH
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PREOMELA~NBESFIETCICERLIZ L 2R 0ELE, Ko oBrERRCFER
DSt 202 CBEEAAAT L LELBWREEM L L TISg - m 3B o n 358, I OMEIH
LT St. 2 ORBOMF1/TSEEI Lo % 5 &0,

Miyadi (1932) O#i&G L - FEBHMARENSHOBLBYEER, S 22 ) A OFHERE
EEHMT 5 L, 19291F 9 Fi2114 larvae.m2, 19304 4 B 1352 larvae-m-2k % o%, SH®
EIX1983FE &L DD, 1929, 190EORETRART (v ¥ 3 Corbicula leana iz ¥) DX
BEENLAY HDER L DEL (Miyadi, 1932), FEOHH—c BEENSAS I &b o%
2T, BAEBWRIYROAFPBELEL VR3S ELon 2,

Btozrasindr, FEBOED75 027 v RF0OBER - BEER L b oo TS
BRI HEARTIREDIE D, LPLEBYAS 7 M o ORBERIZTEEIZ g% b0k
ATOROLByBEENTE R, L0 —HOZREECHWETH 2B BWIZ, B
KB ETHEMT 2 EOMRORBERRT -7, MOERBEWELEFEHET P EYE
LDBA T 721929, 1930FEEOFBBELIERT LR E P2,

CASORESHOBRBERBOUROBETH L2003 13 SBROFRICE:RITR SR
WA, ERESHOLBROME L BECSZ ABEE LN - FHET 2 L TFEBOLBROR
REFCRAET LI LERERERERD>-ELLNE,

5 3w

(1) FEESKPFCRIARBBRRS AT, pH AEBREBECRE EBRITENED
LN L OOEBICBTABORBRER AN 2h o7, EREEEHEEIZ0.33m (St. 4) s
0.46m (St. 1) ¥ SWMRECHEITTE &7,

(2) H®7I7r7 1 YRENEZBCOI > TAERCRAER2ERSL, ST 7007 4
Vo BETI04ug It (St. 1) 2 5383uge it (St.d) FTH o, Rir 48 Cyelotella sp.,
Ao HFXHU T Micractintum  pusillum 2 F & Ut 188, EL SO0 T Spirulina
sp., Microcystis spp. 2 E L L7 V8, BROSZCHFT 7Y P ENS (HB L,

(3) #H77 27 b vk R—REERBIZ VE7AL—LBO8, IARBIREL, 26K
CELTRABKRUHGER CEVERERL 7, FRB—REERIZ B X £1450gC m 2ty L HEE
dnf. BEFRBR—FCOFEHCEVEHARRE Wbt RS0 7 b 0T — A
RiCE~REERELOSIENB T2,

(4) &7 2+ vOFEMFEHNEERE St. 2 T364ug 7' T, B E L Tid 7 & v HSLE
GL, WOTHKAE, YV Prva@ilSeol, ZHNKRBLLACRERNE{ BREAE,
2RV AVESES L

(5) BESMOEEFHEERIILMME m? (St. 1) »555Tmgem™? (St.3) icbko
Fro TOREEAERATINI SR E2AVAICL>TEDSN, BEERD Sts. 1, 243
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Net Primary Production of Aquatic Macrophytes in the Littoral Zone

of Edosakiiri Bay in Lake Kasumigaura
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Abstract

Biomass of aguatic macrophytes and environmental factors were measured every
three or four weeks from May 1984 to May 1985 in the littoral zone of Edosakiiri Bay
in Lake Kasumigaura. Distribution of aquatic macrophytes corresponded with
microtopograhy in the littoral zone. When the water level was Y. P.+1.03 m,
Phragmites communis was mainly distributed on the shallow flat bottom (depth of 0
-0.2m)and Twpha angustifolic was mainly distributed on the deep flat bottom (depth of
0.2-0.4m)and dominant species on the slope of the boundary between the two flat
bottom was Zizania latifoliz. The distribution of Nymphoides peltata reached from
outside the Typha zone(depth of 0.4m)to an offing. The outside of offing side
distribution corresponded almost with the contour line of the depth of 1.8m.

The maximum above ground biomasses of emergent plants were 1557 gDW/m?
(Phragmites zone}, 1420 gDW/m? (Zizania zone) and 1597 gDW/m? (Typha zone).
The average vearly densities of shoots were consistently 23/m? and 22/m? for
FPhragmites and Typha and 67/m? for Zizanig, resepectively. The net primary
production above ground was as high as 1894, 1420,2336 gDW /m? for Phragmiles zone,
Zizanig zone and Typha zone, respectively. The above ground biomass of Nymphoides
bellaln increased to Jun. It was consistently 2% gDW/m?® during July and August, and
increased again in autumn when it was 37 gDW/m? then. The under ground biomass
of Nymphoides was constantly 6 gDW/m?, slighty increased in autumn and winter.
The maximum biomass and the net primary production was as high as 48 gDW/m? and
165 gDW /m?-y for Nymphoides. The estimated values for daily net primary production
of Nymphoides peltata were .85 gDW/m?-d in summer and 1.2 gDW/m?+d in

autumn.

1 Lwic
BrfidZn#lTeine, MRECAEESE(RELTWE, —7, @AMLOLDEE
TESRALTORT, AEEOLNbRIz Y7 )~ FOMESEL N 2055, KEHITA
FPREZRUOEOBPOEE L EHE, £RETHS (s, 1973 8, 1981, 20
b TR d, MEAEORBEREEEC DLW TE L ORI T, KEHOEEELR
EENTETWD, KEHZELOEMERC L BERSHM : an 55, KL D RBIHE
B LpoT, BrOERBEEH o RKESHRICHAL TnT, RUTEMLERRTIRL
b, XBERLNLBEBEOHEIIZSVOTHIY, FELY, ELEY, 7527228
D EERLEOERNREEEORERI 2V, KERZTNESOHCBIEL 35 T L5,
RHOMHOEROEBE L TOBEELR - Tnd, Br#cE 5T 52 KEAERBCE, 2

(Phragmites communis Trin), < 2% (Zizania latifolia Trucz), k& A< (Tvpha angustifolia
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L.), NA v kil =, 7YY (Nymphoides pellata O. Kuntze) & & O FIEREY,
T, LE R PORAEROM, vE VR EORBEEYS DS, ThonlE, EE,
ARG L 2 &2 OO E TR PEMBSOLR, TRONT I LGHEL T, ok
HELOEETAICRTEANIRLIEABROBEFHS»IIT L LENHE, 26K, F
FHAHEBEPZERL TKEFORARPBELEL {FHET 2 LE0H 5, Dok i hmE2E
FRATHERIT o7

2 BE#HRUAE

2.1 BEDORMERUCREE

B TREBAHKEE OMBOAER T, 198543 F12H L 8 B29H At L &Y
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HRRTEOKEHORFLIEET 5 7-9IC1985E 7 H26B L 9 A2THE DV FAR T —T7 4 v b
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2.2 WARYBEOHER4EEBRUKADPRER
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ey NG, B(F ey, v3F, b AF T, FOM), MEEICHT, FRAEFRERY 2 —
bR, B, BEAEELL, 4700 - HESSCCTHEREIC 25 2 TR UEERELERY
1ok, CN B 2 b AHIER Y » 7k L, ¥ o — PHIBENH R A 57 > 74 » 7 T i
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— 62—




B BILFISAKES ST 2 kEARIEDOEE

L.Kasumigaura

b
1
i
14 N
? %ﬁ
. Typha angusztifoila
8 : -

Zigania latifolla
C/m s s s ol
—

ot} 0om

[+

Nymphoides peltats

N

—
10m

1 AEMERE & AREBEYEER
(2) BEH (@ED) . () BEHBREORMAE, HFE1985F IH12A (Y.P.+1.03m)
DREFTT, () PHFORRELREBORES @), &), (DL AX7, v2%, 30
1,

Fig. 1 The micro-topographical map of the study site and the macrophytes
vegetation maps
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Fig. 2 Distribution of emergent plants and micro-topography (stereogram view
from an offing) '
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Seasonal changes in several structural characteristics of emergent plants

T: Typha angustifolia, T: Zizania letifolia, P: Phragmites communis (a)Maximum heights
of live shoots and maximum height of the stand including dead shoots (O). (b)
Aboveground biomasses. Mean weight of three quadrats are also shown {mean Q). (c)
Shoot density of each plant in a dominant quadrat, (Q); mean density of three quadrats.
(d)Circumference of shoot base. Open symbols indicate dead plants and vertical bars

indicate standard deviations.
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Fig. 4 Seasonal change in leaf number of Typha angustifolia

(a)Live leaf number in a shoot. (bjAccumulative numbers of newly developed leaves and

dead leaves from 12 July.
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TS50 RUMNMERENEE
Physicochemical Features and Primary Production of Epiphytic and Planktonie
Algae in the Littoral Zone of Edosakiiri Bay in Lake Kasumigaura

LR « S HEER « HHIRSFRA?
TeEHERE - K R?
Noriko TAKAMURA, Toshio IWAKUMA, Morihiro AIZAKI,
Takayuki HANAZATO and Akira OTSUKI
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B BILFRAQRAEYEE L FEEMHEC S TRE, 7507 Yy RUNEE
iz onTHAL, EXEBEREOEHEERTE COREMN U Twiy, 7re=7
WERILXCELIE 2o, 77> 7 b O REERIZ Microcystis spp. 158
B A H BT E S fAEEEE T0.1~1.8gCrm 2« 47, RIS T0.9~3.3gC-
m-id™!, THotz, D Microcystis W L B EOBBESNE—KOTEREBCHER Y SIR
LTwdeEz N, AERERECy A BEBEL, —REERIE, RE M
HAEEET0.4gC - m™2+ a7, FEMEWEE T0.2¢Co-m2+d"Y, THot, HFERLE
BiZAND LITEEMTEEREYHE L D kMR T, VBEETh2LEL N,

Abstract

1. Seasonal changes in the physicochemical features and the primary production of
epiphytes and phytoplankton were investigated from May 1984 to May 1985 in the
littoral zone of Edosakiiri Bay in Lake Kasumigaura. :

2. The concentrations of inorganic nitrogen {NH,*—N, NO,—N, NO,"—N}
were low during July to October and high in the winter. The maximum values were

1. EoHiAm EMREIE T305 HR SRS 0 mIT/NEF 165 2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,-
Tsukuba, Ibaraki 305, Japan.

2. BULEWRE KT HEBEEE TI05 FEIR NS HERET NI 165 2
Water and Soil Environment Division, Yatabe-machi, Tsukuba, Ibaraki 305, Japan.

3. @ﬁﬂ%ﬁ?%?ﬁ FTEIBHTER 7305 RIREHEE S MR EF)I16% 2
Chemistry and Physics Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, japan.
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1.020, 0.055, and 1.820 mg+*/', respectively. The concentrations of reactive
phosphorus were high in late June and in early September. The concentrations of
DOC, DON, and DOP increased in the summer and autumn.

3. The biomass of phytoplankton was large from July to November, when
Microcystis spp. bloomed, and small in the winter. The dominant species in the
autumn and spring were Synedra rumpens, Chigmydomonas spp., and Cryplomonas sp.
The maximum photosynthetic rate of phytoplankton was 15.8 gO,-gChl.e™'-h~* in
Spring,‘ but fell to a low level in winter. The photosynthesis of phytoplankon was
limited by light in the emergent macrophytes (St. 1) and by water temperature in the
floating-leaved macrophytes (St. 2).

4 . The epiphytic algal biomass was large in the winter and spring (approx. 100
mgChl.g-m~? and 30 mgChl.z-m™? at 5t. 1 and St. 2, respectively) , when the species
which attached loosely such as Synedra rumpens var. familiaris, 5. rumpens var.
Sragilarivides, S. delicatissima, and Fragilaria vaucherige were abundant. The biomass
of epiphytic algae was extremely low throughout the summer and autumn, when
Cocconets placentula var. lineatg, which attached tightly, dominated. Achnanthes
minutissbra was always dominant. The photosynthetic rates of epiphytes ranged from
0.004 to 0.026 gC+gC-**h~'. The low biomass of epiphytic algae in the summer and
autumn was ascribed to the rapid attenuation of light by water blooms.

5. The maximum values of daily production of epiphytic algae at St. 1 and St. 2
were estimated to be 6.4 gC-m~*d~? and 0.2 gC-m~%+d™!, respectively. The averages
of annual productivity of epiphytes at St. 1 and St. 2 were 73 and 44 mgC m™2+d™!,
respectively, which were one-fifth to one-twentith of the phytoplankton productivity .
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B, ZPEFMT 5 NaHUCORRAPOBBEEE (10 ORL0% RS £ iz Lz, IC1
TOC #37st (v 2 =) THIEL T,

T - T

3.1 RBELEH

A, DO, AP, KESR S OBREEGOAE MY 7S v 7 b v L SEREORSREE
ERIE LB CT o 1o B2 CEEHMTOSREHE L AMMEEATO IHROELE
T, EELMTOSEERREIRXS, 7, 8HNE17T-19M] -m 2.4, 11— 2 EME < @10
M m2.d'TH o1, MABEYORERSBALZ L 9—11F 1Tk, HREEEAROBS
RS OK0%ETHRIL, LI~18M] m2ed Ehotc, Z0%, HAEMOREL &b
EDEREZ LR UBEI% (3—4H), BERICLT5AM]-m?-d i 7% o7z, B A
WREE T B BT 2 — 4% % 3 (Straskraba & Pieczynska, 1970 : Hooper & Robinson
1976) O TABEHTONOEEETHENEL L wi 5,

®3, 4HAEDEENONE (BT St 1280Y) RUEEmpEEAOHE (BT St. 2
T ToAR, KE, MEEEOTEETT. FRECIRER St IOARKEL BRER
20.9°C(8 A15A), SHEM@E2.7°C(1ATA) TH oir. KERWADAKER(FFE S, 1986
K5dE8R) o755 8 Bin THINL, 9Ba»60H Y Licy, KECEEE
i3, SVOBEEMSEOBHOL DI AUDESHBIIEREL Lo, o7z, St 1Tk40cm i
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Fig. 2 Changes in the solar radiation (—), the incoming radiation through the emergent

macrophytes (---), the percentage transmission of light through the emergent macrophytes
(0—o0), and the solar radiation on the study day ( ®)
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Fig.” 3 Changes in the water temperature, water depth, and compensation depth at St.1
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Fig. 4 Changes in the water temperature, water depth, and compensation depth at St.2
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SiEMATORBEERD DO OELERT St. 2THERBLEROERH D AE
EEUCTWHROMER L, St. ITOEE St 250 BWIEa%, T—11EOHERER
fHET DO B THBEEERL 7, MAEYHEOT T, HUBSTLRBIETI{E->T DO
DERTHEZEEH - 12,

3.2 KRB
BI6, 7ixSt. 1k St. 2TOMBRER L PO, -P OEME 47T, TS L ERESE

RENSHKEEBL, RFEMERLY, NO,-N & NO;-N OB IZFEE Tz, St.
1T NH,*-N ORE#EIZ1.020mg - ' (2 H), BEHEE0.007mg- /7 (7 A128), NO;~-N
x NO,-N OFE#E, £41.820mg+ /' (2H) 0.055mg+/'(48)7T, 9HI9H I NA &
HRHBFLATICR o7, St. 270 NHA-N ORMEIEIZ2.910mg- /(2 A) B{E{#120.007mg.
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Fig. 6 Changes in the inorganic nitrogen and the reactive phosphorus concentrations at 5t.1
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Fig. 7 Changes in the inorganic nitrogen and the reactive phosphorus concentration at $t.2
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Fig.” 8 Changes in the concentrations of dissolved organic carbon, dissolved organic nitrogen, and
dissolved organic phosphorus at St.1

10

noc
s

L

DOP
o
l\
]

M J J R S O0ONDJIF MAMHM
1984 1885

TIME (MONTH)

9 St 2 wBUAREREAEEREDOC), BEEERERDON)RUEFERERY
(DOP) »Z=1E,
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dissolved organic phosphorus at St.2
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Fig. 10 Changes in the biomass {a: mg-m~*: b: mg+m-2) of phytoplankton at St.1
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Fig. 11 Changes in the biomass (a: mg-m~?, b: mgem~?} of phytoplankton at St.2
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Table 1 Frequency (% of volume) of phytoplankton species composition at St.1

species

1984
16

7
May Jun.

20

12
Jul.

25 15
Aug.

[

Sep.

19

11

Oct.

1 4
Nov. Dec.

1985
17 14 15 25 22
Jan. Feb. Mar. Apr. May

Cyanophyceae
Anabaena affinis Lemm.
A. flos-aquae {Lyngbye} Brebisson
A. vigrieri Denis et Fremy
Aphanizomenon flos-aquae (L.) Ralfs.

Gomphosphaeria lacustris var. compacta Lemm.

Microcystis spp.

Osciliatoria agardhii Gomont
Phormidium lenue Gomont
Raphidiopsis cuvvata F. E. Fritsch

Bacillariophyceae
Asterionella formosa
Coscinadiscus lacustris Grun.
Cyelotella sp.1
C. sp. 2
23
mbella sp.
Faa flaria gp.
Melosira granwlata {Ehr.) Ralfs
M. granulata var. angustissima fo. spiralis
M. varians C. A. Ag.
Nitzschia sp.
Synedra acus Kitz.
5. rumpens Kiitz
5. berolinensis Lemm.
S. sp.

Chlorophyceae
Actinastrum hantzschii Lagerheim
Ankistrodesmus falcalus Ralfs
Closterium aciculare T, West
Chlamydomonas spp.
Crucigenia crucifera {(Wolle) Collins
Diciyasphaerium pulchellum Wood
Elakatothrix gelatinosa Wille
Golenkinia radiata (Chodat) Wille
Kirchneriella sp.
Mougeotia sp.
Odcystis parva W. et West

Pediastrum duplex var. gracilimum W. et West

P fetras (Ehr.} Ralfs

Planctonema lautevbornii Schmidle
Scenedesmus spp.

Staurasirum sp.

Tetraedron spp.

Tetrastrum staurcgeniasforme Lemm.

Cryptophyceae
Cryptomonas sp.

Chrysophyceae
Dinobrven sp.
Ochromonas spp.

-

10

25 12

22

14

13

—
- e

19

2
3
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Table

St. 2 kWA Ts v v v OREEE 0Tl

2 Frequency (% of volume) of phytoplankton species composition at $t.2.

species

1984
16 7 20 12

May Jun. Jul.

25

15

Aug. Sep. Oct.

1985
17

6 19 11 1 4
Nov. Dec, Jan.

14

Feb. Mar.

15

25
Apr.

22
May

Cyanophyceae
Anabaena affinis Lemm.
A. flos-aguae (Lyngbye) Brebisson
A. viguieri Denis et Fremy
A. sprroides Klebahn f. crassa (L.} Elenkin
Aphanizomenon flos-aquae (1..) Ralfs.

Gomphosphaeria lacustris var. compacta Lemm,

Microcystis spp.

Merisrropedia sp.

Oscillatoria agardhii Gomont
FPhormidinm tenne Gomont
Raphidiopsis curvata F. E. Fritsch

Bacillariocphyceae
Achnanthes sp.
Coscinodiscus lacustris Grun.
Cyelotella sp.1
C. sp.2
C. sp.3
Cymbella sp,
Fragilarvia sp.
Melosira graniiata {Ehr) Ralfs
M. granulaia var. angustissima
M. granulata var. angustissima fo. spiralis
Synedre acus Klitz.
S. riempens Kiitz
8. berolinensis Lemm.

Chlorophyceae
Ankistrodesmus fulcatus Ralfs
Closterium aciculare T, West
Chodatella sp.
Chlamydomonas spp. )
Coelastrum sphaericum Nageli
Dictyvosphaerium pulchellsn Wood
Kirchneriella sp.
Mougeotia sp.
Planctonema lauterbornii Schmidle
Scenedesmus spp.
Staurastrum sp.
Telraedron spp.
Tetrastrum staurogeniacforme Lemm.

Cryptophyceae
ryplomonas sp.

Chrysophyceae
Dinobryon sp.
Ochromonas spp.
Mallomonas sp.
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7 1 8D Cryptomonas 1z ¥ D% OEHSEET 3 L 3wk 7%, TA-11AOHMERERD 8
#|D) 1 23T S BED Microcystis £78 - 12, 12H13 7 4 8D Cyclotella, Coscinodiscus, Melosira (i
D) Closterium B A1z, 152817 4 8O Fragilaria sp. {8 % % { F.vaucheriae) Synedra
sp. (B#F5< S. rumpens var. Jamiliavis & S. rumpens var. fragilarioides) OE|EHE» - .
AR LE LS AR AR ENOEETH L, 3 A 4 HIZH U Synedra &
Chiamydomonas #319854E.0 5 F ik Cryptomonas HEE L 72, St. 2T HBHKOB I A D DY
T g KTV, HESLLIE S AIERBRRORBAG Y Lol 2727 RIZAK
Microcystis & & $127 > 8D Anabaena flos-aquae #3772 9 HI| LT,

E12, 13 EHSOEBY - EEY CRELEZACAE L BT 7 Y27 b ORERERD
EihETT, AAAL bBICEH KT BOEAZRLES, St ITRPAEDDELDIHEEDS
iz, St. ITEBOXEREENEBL LEb2DR 4 A0ATH o2, St 2THEEHTER
H B, St. IOBREEIZ1985E 5 B O#BE T14.85g0,-gChl.e™ - h7!, St. 21319844 5 A
NHCEBE T15.77g0,-gChl.a~ » h ' TH o7z, St. 20)%‘%‘)&%3#1*?&&.&:‘@*55@ (n=
30, »=0.45, P<0.05)%5% D, St. 10 RMARE K& £ EDMHBE(n=26, »=0.47, P<0.05)
Mot B THEMYRECIHEE ISRV TED, KBFHIBRER S > T 548, #ik
EMEE TR NS EIHER 2> Twa Lo, TERBONEGRER LHEKT 700
BC BV THE LTS v 7 b o ORSRERE (B16, 17) &, EFRRCHICHE (R
Bz oz, St. 20EBTHAKBLEVIEDHERE (vn=14, »r=0.86, P<0.01) 2Rl

3.4 {38MES (epiphytic algae)
E4ic K EASEY ST 2 BRoREROEET T, B4 T 5 KA KREEYOEEN TR

20
(a)

ef\/\f\/\/\/

20

(b}

L

0
M J J RSO NDJF M RN
1984 1§85

TINE (MONTHI

Net Photosynthesis
{gO,gchla™'h™")

B 12 StlusBUr2HEHTI 7 b rOREREEOENL
Fig. 12 Changes in the photosynthetic rate of phytoplankton at St.1 (a): surface; (b): bottom.
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Fig. 13 Changes in the photosynthetic rate of phytoplankton at 5t.2
(a}: surface; (b): bottom.

Ltze BERI A TH, HEEEL, B KL - FZEL, 4cidayT
HronZ e Bz LT98.9mgem™, EAFTTIR67.6mg-m-2Zl o, vATKEHET
HEETOREEOEERT LA F Y » b AXTETET 2 BB ARDOELERL .
WADEWERWRE I 6N TAIICLBLOT, vIEBREOHZ7LIOLEIRTL
BEICARL TR EBRERTH 2 5, 7HHFCHET 5 EE T 6 E41AI15—16mgChl.
a-mtEHLEL{ R, THERENAENOIZA 1 Bi26—38mgChl.a - m™2 &5 < & % LU
WIS < 10mgChl. e m™* U T TH » 7z, BHEOKERL-DO 7 0o 7 4 v a BOZERY, &
R TH- (H15), % BFEEYBRETIZ 6 — 7 B wERO Cladophora H3100~3000cm>0
CHEEOLOAAyFREER L.

A A TOMNEEEOBEROE L, MlS T2 5 %L LR L 2 DL TRL (R
3, 4), MHEE bBLHEATRT 7 ABETH -7, St. ITRAFZDFVIMFES A LE
UCHEER AN A 3198546 1 B— 4 Bicit Achnanthes minutissima b Fragilavia vaucheriae %
Mot 19856F 20, FH S ICINA Synedra delicatissima, S. rumpens var. familiaris, S.
rumpens var. fragilarioides % { B L7z, —HBERDP W 7T B—10/ i, Achnanthes
minutissima, Cocconeis placentula var. lineata, Cymbella minutg, 118\ Z T Achnanthes
lanceolata, Rhoicosphenia curvata, Cymbella tumida, Nitzschia communis 2 ¥ 8i% {272,
St. 2T & Achnanthes minutissima B —E5BUTEBEEL Ty, BREROEH - 219848
6 F i3 Fragilaria vaucheriael2 B i Melosiva italica var. tenuwissimal985% 1 A 1%, F.
vaucheriae, Synedra rumpens var. familiaris 5% o7, EHOXWR L D OBEERIZ1984
E5H, 19854E 4 B b IEEEIE D o 128003 Y F . vaucheriae, F. crolomesis, S. acus, S,
delicatissima % &% BB T A EmicH o7 —AT—11H, $7:1985E 5 A, Cocconers
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Fig. 14 Changes in the biomass of epiphytic algae growing on Phragmiles commaunis,
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Fig. 15 Changes in the biomass of epiphytic algae per m? of substratum of macrophytes

ThHhole. BrWOEBT 7 7 b OREE—KBROMPAEIX 4 BE—127 0 Mk
0.000421(gC-gC'+h™") (¢E-m=2+s7!) ~', 1 H— 3 BoORM0.00015]1 (gC-gC'+h™") (uE-
ms™) THBDT (FA S, 1984) BB TOMEM TS v 7 b ORESHREEOBERBAKS
B (Prax) CIEWEEEZ TLv, Lin-THEY T2 P O AEERIZERS (1984)
WRLLEHETHE L, TEREOREERR, Y77 > 2 b LABO RO, *
BHGHIE &R F BN ML THE L 20, B8 T0RER—t 8o VAR
Fragilaria, Achnanthes ¥ 5% 28R TDIE0.000106 (gC-gC*+h~") (yE-m=?-5~') ~*{Jones
& Adams, 1982) 27, ZOEEMAVS £ St ITRAFIRORETO RS EHEE % Poex &
TARHERTAD -, IHSOERLRBEORBL VIR I0BEE TicRS O *MTHL,
B DHEHERERS RT, IEEHRICOOLTIRSt. 1098 6H, St. 209 H19A 2k <
L@EGILEFLEWEET L, HERROEERIMES 77 02 b v O4TEREY LEb 2D
i3, St. W6 A7HL St. 20 1 BlITHOATH »1z, EMTLCAB L, WH S5 2 b0
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Table 3 Frequency ( % of number) of species compositin of epiphytic algae growing on Twpha angustifolia at St.1

1984 1985
16 7 25 19 11 1 4 17 14 15 25 22
species May Jun. Jul, Sep. Oct. Nov.,  Dec. Jan. Feb. Mar. Apr. May
Melosira ilalica (Ehr)) Kiitz.
var, tenuissimg (Grun,}) O. Mull. 8 11 17 5 5
Cyclotella comia (Ehr.) Kiitz. 8 9 10 6
F. vaucheriae (Kiltz) Peters. 3 21 5 7 9 24 13 11 14
S. delicatisstma W. Sm. 5 14 5
S. rumpens var, familiar is (Kitz.) Hust, 7 12 9 14
S. rumpens var. fragilay iotdes Grun. - 5 12 8 6 6
S. ulna (Nitz.) Ehr. 8
Cocconeis placentula var. lineata (Ehr) V. H. 10 17 12 7
Achnanthes minutissima Kiitz. 33 27 37 15 16 [ 11 14 34 30 7 33
A. lanceolata Breb. ex Kiitz. 9 13
Rhoicosphenia curvata (Kiitz) Grun. 6 12 5
Cymbella tumida (Breb. ex Kiitz)) V. H. 12 5
C. turgidula Grun. 5 5 11 13
C. minuta Hilse ex Rabh. 5 26 19 10 5 7 5 9
Gomphonema angustatum (Kiitz.) Rabh. 5 5
N. dissipata (Kiitz) Grun. 5 6
N, fenticola Grun. 6 5 6
N. communis Rabh. 13
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Table 4 Frequency ( 9% of number) of species composition of epiphytic algae at St.2.

< Y

1984 1985
16 7 25 19 11 1 4 17 15 25 22
species May Jun, Jul, Sep. Oct. Nov. Dec. Jan. Mar. Apr. May

Melostra italica (Ehr) Kiitz.

var. fenwissima (Grun.) 0. Mull. 7 6 20
Cyclotella comta (Ehr) Kiitz. 5 5 5 8
Coscinodiscus lacustris Grun. 5
Fragilaria crofonensis Kitton 10 13
F. vaucheriae (Kiitz,) Peters. 12 15 8 13 21 6
Synedra acus Kiitz. 14 6
S. delicatissima W. Sm. 11
S. rumpens Kiitz. 7
S. rumpens var. famitiaris (Kiitz.) Hust. 7 33
S. rumpens var. fragilaripides Grun, 6 3 9 9
S. pulchells Ralfs ex Kiitz. 7 10 6
S. uina (Nitz.) Ehr. 7 8 6
Cocconets placentula var. lineate (Ehr) V. H. 20 - 6 11 12 6 27
Achnanthes minutissima Kitz. 7 29 55 20 20 13 14 27 10 52
Rhoicosphenia curvatg (Kutz.) Grun. 17 34
Cymbella fumida (Breh, ex Kiitz,) V. H. 7 14
C. turgidula Grun. 15 5 5 6
C. minuta Hilse ex Rabh. 11 17 9 6 5 7 5 15 7
Gomphonema angustatum {Kiitz.) Rabh. 11 6
G. guadripunctatum {Ostr.) Wisl, 5
Nitzschia amphibta Grun. 5
N. dissipata (Kiitz.) Grun. 6 7
N. frustulum (Kiitz.) Grun. 7
N. Clausit Hantzsch 7

N. paleacea Grun. 6
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Fig. 16 Changes in the photosynthetic rate of phytoplankton (o - c) and the epiphytic algae
(®#—e) growing on Typha angustifre at St. 1. Bars indicate S.D.
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Fig. 17 Changes in the photosynthetic rate of phytoplankton {C - O} and the epiphytic algae
{@—e) growing on Nymphoides peltats and Cladophora (a - a) at St. 2. Bars indicate 5.
D. (a): surface;(b). bottom.
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Table 5 Daily primary production {gC+m2.d~") of phytoplankton and epiphytic
algae at St. 1 and 2

St 1 ' St. 2
Phyto- Epiphytic algae - Phyto- Epiphytic algae
date plankton plankton
(a) )] (a) (b)
30,May 0.136 - Co- 0.566 0.027 0.033
7.Jun. 0.239 * 0,112 0.286 0.305 0.106 0.092
20,Jun. 0.107 * (.003 0.008 0.572 0.014 0.014
12,Jul. 1.006 - 0. 009 0.008 " 1.67% 0.008 0.007
25,Jul. 1.770 *0.082 0.157 1.791 0.627 0.017
15,Aug. ¢.330 *0.013 0.029 1.420 0.031 0.026
6,3ep. ¢.094 0.016 0.086 1.130 0.032 0.033
19,Sep. 1.342 " 0.015 0.042 3.317 0.061 0.025
11,0ct, 0.419 * 0.010 0.029 0.877 0.013 0.010
1,Nov. 0.171 0.012 0.021 1.428 0.024 0.028
4,Dec. 0.116 * 0.031 0,043 0.272 0.222 0.214
17.Jan. 0.073 ¢.032 0.043 0.025 0.075 0.064
14,Feb. 0.198 ¢.012 0.015 - - -
15,Mar, 0.099 0.033 0.033 - - -
25,Apr. (.698 0.401 0.351 1.028 0.003 0.006
22, May 0.077 0.027 0.026 0.343 0.006 0.011

(a), (b)Y, *:seetext

3.6 B ®

FHNEEE  HISREREEYOEER (5 H—88) t#HEH (11A—48) sl dk
HOMBERER»SHOAFRIERLIIbOTH S, EEHM FREESREFRZMER At
Tk St AEBR2EELSEREAS R LMBEFRCREL S HICH > THEREY Lz, 2
O ERAEHEDOEER ZOHBEATENI D b EBIRBVERTHL L E2RT,
M. %64, I, CAFY, v2%, FHFELORERSHEYICET 5 E£MH
DEEROTHEETRT . EERLEEN RN T e 7Y DOERFR AR T, WM
BB MEBE RSB 57, BERIEE L 4 2 AEEIIC L D #HRS > 1 EIHS 51,
EERTRERDOHENRI 60Ty, TIETHS, BREHATEIELBEH -7,

St. 1+ 20 Wittt THAEE S D OFREHMER & (TEEMER RS T 2 L, HikEDE
% (St. 1) TRBIEFAICA - —Th- L FEEYEE (St. 2) TRITEEAFERE1 75
Bt —F—7hHoi,

3.7 oI o
Sts. 1, 2, 3BT AVE, EER BHSORFROFMEEHZH1 L2017, St
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Fig. 18 Changes in the bacterial number from the littoral to the pelagic stations
A: the growing phase, B: the senescent or detrital phase of macrophytes.
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Table 6 Meannumbers of the attached bacteria growing on Phragmites communis,
Typha angustifolia, Zizanig latifolis, and Nymphoides peltata

Macrophyte May - Aug. Dec. - Apr.
Heterotrophs (MPN-cm™2) 6.0x10° 1.2% 108
Phragmiles
Total Numbers (cellscm=?) 9.7x107 1.0x10°
Heterotrophs (MPN.cm™2) 4,710 1.8x10%
Typhs
Total Numbers (cells-cm=2) 1.0x 107 6.7x10°
Heterotrophs (MPN.cm™%) 4.4x10° 7.5x10%
Zizania
Total Numbers (cells-cm~?) 6.4x10°7 1.3x10°
Heterotrophs (MPN +cm-?) 3.2% 108 1.5% 10"
Nymphoides
Total Numbers {cells=cr~?) 1.1x1¢° 1.6x 107

20 % AW ABO Bosmina fatalis WD THE < o LSk, Sts. 1, 2 0BEETRIMHIC
v o, BAE, BHEE CBERIZED -7, Bosming fatalis @ birth rate i3, St. 3
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TEIZE Sts. 1, 2 TREEE-ZE (E2D)95, St. 208V Bosming DREERLIBEFT
BIELZLOTHL, MoFreBEHL-bOLELLRL,

BES-EHTEBER L RKE < Ebohhat, VA VvETIEE—EIZ Brachionus spp.
9—118 % Asplanchna spp. 12813 Polyarthra trigla MBS Uiz, 7227 St 1Tk 0 B E 118
W Euchlanis dilatata 25 % { BB L 7o HAE T 5 A& Daphnia  ambigna, Bosmina
longi-vostris T QLB B. fatalis 11B & 2 filz Chydorus sphaericus 5385 L7, BH
HTWEEL S Thermocyclops lathokuensis %3 Cyclops vicinus 38 E Uz,

4 % =

{114 %% (epiphytic algae) DENIEIRBE & & 2k EBSWAOER, b, #Es o0k
KEEEESNZ (Wetzel, 1983), v 22T 9 BEENEN, oLl v a—2H2
(B 5, 1986) 7o EREORE L c 2 HMHSHEL 2, 9 An s~ 1T IBT 2BE0HE
B, 3, eXFTOENRIDFOOE, REEMBLL O TEERY Y OBERRMO
MK HERE L A b o, 3, vIEOREEEMEBEL TELLE VO
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Fig. 19 Changes in the biomass of rotifer (solid line} and cladocera (broken line)
at Sts. 1, 2, and 3.
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N, EAFTTIRTHE» SHBEBETEESBET S (FES, 1986), 2R bhrbsy
SHEORAEYI ST 3 BROHERIE, Yhby5H, 2—4ACERD, EroKicEE
WEWLIEROELETL L AEYHEO(EEHORTER | £EEIE4.1-295H X
HeORFOHEFMELVEL, REFOHREOHERZHE Vo #E L oz, Crescent
Pond TO bt AN EOEFORER | £ERIZ1.7—-19.08 (Hooper & Robinson, 1976)
£, BRFELEWEET LY, 7HEPCIETARENRER  AERL 5. 71488 (2L

1Ho#21.8H) rFEWROHF (290) (FES, 1986) LEAEW D TH o7,

TEREOREREIBAEYEE TR B, 12—4 B, FEEYRETRIRI2, 1, 6BEL,
BTN LE—BIBEWERTRL, 7727 Py OREETLEBOF L kol EROHK
BV E0BRAORTFRORAMEIE, 5 (Kairesalo, 1984), & (Allen, 1971) ¥ —#k (Hooper
¥ Robinson, 1978} HE 2N T AHHE {, fhoAkEMEYTE (Bowker & Denny, 1980}
EEDTERFOBEEENEL BLREAEHE D 20,

TEREOHERELEF I, £ER, (EHYc L8R8, B{HMELYICIIRED L
Erond, AEBEHEODTL 7 4 BB REEZSCHBE LY (Kajak & Warda,
1968) O THIEDRMEBERDOE LTI, ChonBABKELFEEE L ZFREAEY, B
DEVCREERZOMEMOECEERS—BRNTH 55, Jones & Adams (1982) ZiLAMEH T
H B Myriophyllum D EBRE (Fr 18 OXSHR—XdROFAFRELEFH KRG
127C2TCOBWETHAEEFEE (Prax) #1.0—2.6gC+gChlg™'+h™! (SEIOREDERED
T C/Chle=84% A2 £0.012—0.031gCgCh' L 2 2 VD EEAE T\ 5, £ Morgan
¥ Kitting (1984) i3 #b k% Halodule D 15E B T0.008—0.01gC » gC* « h! {dry weight/
carbon=2 ¢ 754) OEX*B TS,

AR T AR 3°C—31°COMR T Prayi20.004—0.026gC » gC-1 » h' & 2 b, BBV IE
Tz, MEREMIEOREVEREEORA TRV, FEEYBENTORBLERTOX
SHREEOHEL S, 8A—10 i3 TRHES »pIEBSOXESHEESEL, 72307 v —
ML B EDBRERDRISE KO BRS04 ER Y 52 LT3 EELE 60T, Th
REAEERETLEHEL# 2 515, Hooper & Robinson (1976)131 2 v 21BEZ Tk W K&
BB ETESL, TOLHTEREOEEESEL(BLRAIZ2HEL TV, £
Straskraba & Pieczynska (1970) i 3+ DY L Do LN {FE BB 4L ERHHI2.GBCL -7
LI TwAARFERTLESSBICHE TiEER G R U, KEREICE  SEEIREI20%
Wi as, CRKMATFAaki2X0BENEEREZFBL T2 EL o0z, KD
FRAELE LD s, XBCERL, LEE—XHBOEXELTOLL LB DORL, 5%
SeDFFEREO By Microcystis {Takamura 5, 1985) {IEREL VEEHSBEL J Lk

v
H%ﬁﬁ@ﬁﬁﬁﬁ@%ﬁ?ﬁnomfdﬁthE%Q#Eénfuw&wo¢%§f&ﬁb
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PREITRTHOKERS TN BETH-:, AEROVZVE—K, Cocconeis
placentula %o Achnanthes minutissima %2 EATENOBCESEL L, BEENS (7 s
Achnanthes minutissima O Fragilaria, Synedra 72 VHESTELDORY, BEEERENS
OBTH Y 4 7ORBEHEBET 5 2 e QFEBCRWRE Y, Cocconets  placentula & Achnanthes
minutissima WHIEE, REBEHIC %y (Tippet, 1971 Hickman k Kiarer, 1974} kw5 5REL
H5H, BFEETIE Cocconeis 1TE—HDKBOFOERCES Lz £ 7 Achnanthes 3—F %
BUTES L.
IFIEATONEREOETHEER, MAEY (TotAX~) BET3mgC - m™2 -
d-l, FPEREYEE TUmC rm2-d ' Th o, FREEMHE CORERFRA» L CHETE
Rtpofets, MOBAEMTOMRES (#7) L3 & Silver Springs D Sagittaria O {HE %
OB AT, EEAIWEEZ R L wA S, (RTOREZRERNAENNECEET
W oD, Lal, ThHORIER, HYT T 27 by OETEERER (St 17354mgCom?
d-l, St.2792mgCem2+d™") HR»ZVECEHEE S, —REES, HEEORNS
E25L, BEEURETRESENL VERENOSH TEHAE L, IOKRONERER
REEMNLIDKECHASLTVLA LEETES, o TTHOBRLRKEL IV EELLR
Z, —HHAEDEE TCRASEEDOREIBrE YRR, RCABRECBBINSEMNEAS
GERHL, £ I0OKETR, £—80 NH-NBE, St 4 (s, £FBR) RO
HWOBRE (SEFES L7, 1984) LENELCBYL, IONKEMHORE» L, IF
BRERD & DKOHNC X b 00BE» 2, KOBEZLELEADDE T DLRND L,

5 &

(1) 1984% 5 B » 519854 5 B ¥ T8 » BILFEAOMKREYESE (5t. 1) - FEEEeE
(St. 2) BWT, &/E, 57y, RUMEBREECOVWTRELL,

(2) EMEZ®E (NH,*-N, NO,-N, NO,"-N) QOBEEIZ 7—10AE{ 23/ < BEE
i, NAK1.020, 0.055, 1.820mge ' ThHoiz, ANV U VB 6 AK, IAMDEENE (B
KABO.099mg« ) % L7 oMl OB R4 o 2. DOC, DON, DOP RE—HKE iR %
RLEAEEBIRAE S oz, '

(3) WMFS5> 7 OBERIET B0 Microcystis spp. ¥E T 5 7T A—1LAKEL%
BAED 5 foo Bk 6 BIZ 7 4 BO Synedra rumpens, %D Chlamydomonas spp., 7V 7+ 8&
@ Cryptomonas sp. 3B E Uiz, HEAREEIENRLE ¢ 15.8g0,+gChla ' +h K E L LI {E
o tee WORERILEABYEE TR, BEMMEE O kRSHBEERCZ > TL5
EZ5hiz,

(4) HAESCHET 2 BEOBEERIZ-FCE { (#7100megChl.e-m™), FREMICH
£THBFCHR6H, 128, 1/5iE < (#30mgChle»m™2), ZhoORElCEY 777
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Table 7 Examples of annual net productivity of epiphvtic algae and
phytoplankton of several lakes

Average Average
annual annual
estimated estimated
Lake Method Macrophyte net : net Reference
-productivity productivity of
of epiphyte phytoplankton
(mgC-m2+d™") (mgC-m?-d1)
Lake Glubokoye, 0, Equisetum 64 - Assman, 1953
USSR
Silver Springs 0, Sagittaria 6150 - Odum, 1957
Lake Boerax HC Ruppia 732 249 Wetzel, 1964
Lake Lawrence uce Chara, Najas 2003 119 Wetzel, 1972
Crescent Pond uC Scirpus 119 - Hooper &
Typha 16-63 Robinsen, 1976
Phragmites 2
FPotamogeion 32-133
Lake Kasumigaura B Typha 73 354 Present study
Nymphoides 44 1013

FNoOREER FEb SR E-KOEREEERES o1, 2 ORI IE Achnanthes minutissima,
Cocconeis  placentula var, lineate %2 EENOWOELEL L, HFEOZBVWE—FITR
Achnanthes  wminutissima DM Synedra rumpens var. familiaris, S. rumpens var.
fragilavioides, S. delicatissima, Fragilaria vaucherige 2 ¥ OB HORWESE L o1z, K
BHAEREIL0.004—0.026gC - gC' - kO TEIL L7, St. 2TRIVE— 1 ARTEREORS
REEVNEN T 7 7 vk bbbt £7:5t. 2Tk 6 — 7 BIC@EBD Cladophora 535y F
R ramoeREEE2RL L,

(5) EBFOBLERUHFROSOERICS < St. 1T 4 A#90.4gC-m™2.d-", St.
2THI12AK#0.2gC  m 2 A ER L 72. EFHEREERE St. 1773, St. 27T44mgC > m=? - d-!
LRDIEYIZZ 7 b off (St 17354, St.2T92mgCom2+d™)) 2 K&{FEbok (2
72 L Cladophora BEEI AR TWRY), E—KOMEEFOBVRERY, 7430 X3%0D
BES—FETE LEEIN:,

(6) 8777 rORERIMFICHO DR,

(7) HEOCHEFRBARDEEH IV TS >/, BEEYBE CHEENEHOR
B EUHEDOROHI-SMETH » e A HE TR ERARETH - -,
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I—6 4BHOEICE 3Ky NRBERENDRBRMFAR
An Experimental Study of Nutrient Removal from Lake Water
by a Floating-Leaved Plant, Trapa natans

EHEECR - TBRED?
Toshio IWAKUMA' and Takayoshi TSUCHIYA?

E 5

EHO4ERO - o BESEKORBEREC ST BELEMIT 0T, EEK
WEEWT, BR32FE -V YEFNROT Oy, 7702 b RUSRREEL D
BRANIROFRHEN - EMEELR

70~280mgN -m~2-d"' R UF11~48mgP m~2-d ' D EKMED b & Tk, £ O RVAET
2, RRBEEEC LEBRORAATRDRY%A, BERLAETIIEI~64%E L F v 7
EhTwvi, AU TREROMAAFNRONGL L F 7 v ESh Ty, £
BHEBOI B, BEICOLVTEI~150%23, VX2 D0wnTRT~125%H & & D5 BT
LTwi, £FHO L »OERRIEEH G BERBING TH 150mgN-m=2-d-, #iEER
BTH# 300mgN-m-2-d'TH -7,

by OMEERE, tOREEOEIEE, RUFTRTO—REESCEFEREDEMN
HE - REAHROBMCREERDRANB N, HI2ERAFRLUT TR 2L L
TERRERY SEBRELBRNL CRERKELLI S, TAETRE Y ERLE
TOIRUBARBREsRERCELT A, RUAHESHMT 22y, —REEE
CELT AEEMET T2 o iR ans, BrAREAREORAATROT CHEH
ey ERINAEFERIFATIERCHKTE LTS cE L 60l

Abstract

An aquatic macrophyte, Trapa natens, was transplanted from Lake Kasumigauré
into experimental tanks containing lake mud in June 1984, and cultivated with
nutrient-enriched (0.5mg ' of NH;-N, 0.5mg [~ of NO,-N, and 0.2mg [~* of PO,-P)

1. EASFER SUREE T300 RS HES HARETNEF16% 2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
) Tsukuba, Ibaraki 305, Japan
2. BIRSR~50E EVASTEHHEATER GIRALAEEYH T ARHEHEEREER2-1
-1)
Research Collaborator of the National Institute for Environmental Studies, (Department of Biology,
Faculty of Science, Tokyo Metropolitan University, Setagaya, Tokye 158, Japan).
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lake water supplied continuocusly. The experimental design of tanks was: six with T.
natans at different densities, one without T, natans (control), and two shaded without
T. natans. The growth and primary production of T. mafens and other primary
producers were monitored in relation to inflowing nitrogen and phosphorus load during
a period of 51 & from 24 July to 13 September 1984.

During the growing season (24 July-23 August}, daily net primary production and
daily biomass increment of T. natans increased with increasing DIN load, regardless
of the initial biomasses, within a range of 67-284mgN m™? d-'.

Most of the inflowing nitrogen and phosphorus was removed in tanks with 7" nafans;
84-98% and 67-86% were removed for DIN and PO,-P, respectively, during the
growing season, and 82-95% and 23-73% were removed for DIN and PO,-P,
respectively, during the post-growing season {24 August-13 September}. ‘Biomass
increment of 7. nafans accounted for 49-94% of the removed DIN expect for one tank
in which filamentous algae dominated and accumulated 51% of DIN loading. Shaded
tanks removed 63-64% of DIN load, and the control tank removed 58% excluding
filamentous algae.

Daily net productivity of T. natans, daily increase in T, natans biomass and daily
increase in the biomass of primary producers all correlated with DIN load. Nitrogen
source of T. natans was sediment below the DIN-loading level of 45mgN m~2 d-!, and
above which it was inflowing DIN.

Daily loss rate, i. e., the sum of leaf shedding and dying off of rosettes, was as high
as 8.8g m~? d~' in the tank where the primary productivity of 7. natans was the highest.
Dissolved oxygen concentration in water decreased with increasing T natans biomass,
indicating high bacterial activity to decompose dissolved organic matter released from
the macrophyte. Amounts of DON were lower in the outflow than in the inflow in all
of the experimental tanks.

Nitrogen and phosphorus contents in the whole tissue of T, natans were 1.4% and
0.25% , respectively, on a dry weight basis. The maximum standing stocks of nitrogen
and phosphorus contained in 7. naians were estimated to be 4.2g m™ and 0.8g m2,
respectively, for Lake Kasumigaura. Harvesting of T. natans after the peak of the
growing season was recommended for the removal of phosphorus from the lake.

Inflowing nitrogen was the most probable source of tissue nitrogen accumulated in
T. natans at Takahamairi Bay. One important role of 7. natans in the ecosystem of
Takahamairi Bay is the accumulation of inflowing nitrogen during the summer, which
is unfavorable for the bloom of cyanobacteria.

1 [Lwic

RAEEHERBE L OBBRCOVTR, BLEFRAELIHETAZ 2080 oA nT
ETWD, — R REEY : HAEY TIREBLEEIC 2w T ()2 1 Reddy, 1983; De Jong,
1976), HAMEMTEEERLRERMIZOwT (B2 1 Kistritz, 1978; Barco & Smart, 1981;
Landers, 1982) 0#ES0i& 0, & I AMNBEEYIC oW TIRIIEH DS < (Brock 5, 1983
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EHWO £ & io X Bk 5 O RBER = O KB

Tsuchiya ¥ Iwaki, 1979, 1983), MBI EHEC LA RBOMRITE LA LS,
BrBTHEEEE ¥ (Trape natans) 2 ¥ OFEEYOBE#HERESEARL, HEEO.5%0
08km*E o Tve b (BFE, 1981), BIRATOE v OBEARERZ 300g-m &L, EHEE
BiZ#0 3150 1000g-m 22 3T 5 (Tsuchiva ¥ lwaki, 1983), E v 3 iBRiciE£E D BIT &
KPOFEEERB T 228, KPSic b FEREAL KPR BRPORBEEZRNT2 2+
HNTEZ, COLIRBRLEEREOS-I LY, EVYRERBLLLB -y BEEROYE
EMTHEHELBAE 2R LT L E L1503,

AMRTH, EREERFACT, ERAKBLEREOXRBE LTy 2R L, Ef0
EFERO YREEORERERI2Es LT 3,

2 K &

2.1 REBEE
ERGENAEWRAE » BENEREROBN 7V — A=A 9#D FRP & (90cm x
180cm X 70cm #ER, AE 1o AIE9 L §2) BB L TiTo7, 19844 6 B23HEE » AR
AL DEYRUFSLIHAOKBERZERL 72, SKECERE2HS cm Bz 0w, £ 2Bl
L, ¥BE*FHENLEE » ARk EBIIHL TR 1 o ROE 3 ¢/-8, 7HUBEEREHGL
GHISAKEET Uiz, AR s0em BE L 72, FHEEM SO KEAOFEE KR EH21°CTH -
fro KFE1, 2RUIIERMBINAOCT HBAKEY 2T NTREL, sk 1RU 2
DV TR BAEEGH ZAECENN, AFRAEENIRICEISE, cvOBC L2 ENOE
BRAT, R4S IE DV TREYERL, BRRIFKEARDY L TOWENER 2H I,
EErRETHIRRBEOE LY (Galerucells  nipponensis) =57 3 X444 (Nymphula
interruptalis) WHEBTREOAECHFE T 20T, 2~3B KR E - EEBEL S,

2.2 RERRUAFERSE

BB HER THUK T 2RO BEREUESRACBE CI~RTEY LY, dohUnER
1 mPOEH Lo~y N 2T, U VBBEEY » (PO,-P), BBEEH (NO,-N), 7>x=7
WER (NH,-N) BEXZh#1 02mg-[", 05mg-/"', 05mg- "' F2EMNT2 L5 8
TARFEAV VL, HEF ML, BT vEST ARAWEOBRRERER L g1, 25g.
174 25g ) AU AT KRy FRTHENU Iz, ~v F P Y2 AOBAOHAEI 15mi-d, %
EEBEAHOFENRIE 3 ' Th o1,

Ny P 7 pbRKEA~DHEARIE »F 2y 7 THEL, EBHBE CTOMRINTI
midMZ, 7H24B XY 8 5238 £ TiE#90.5, 1.0, 20m®-d'0 3EEICHREL, FhbEIA
BHETETART2 md iCBE LS, MBOBECR ARV Y v ¥ -5, 2v 7 0OHHE
EDTHEHNLELERST 200, 2~4EJEEHRELABLT, *oMo&BomiidE
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B L v #HE L, 1, ERIMGOSRARRT t0EnERgs =T, BERUFY ~
OREISPHMC IV EROEE2HTL, IhEEERARSHIALETHRARVBERE
BE-UVBEERRD,

2.3 kK, RBRYHOEREUCFEEERNE

BT 1B, HFAROHALR, HES, RUAEITRETHEK LT 12, KBRS 5 AR 50mm
D#H 7 LIRKE &V TREE S0cm O2BA SR L 72 100ml D% 74 > P ENT—VRT
BELIE, @75y 7 v vOREE T, M7 7 22 v v oy s RER~OHRE
RS S (1982) KU Takamura & (1984) i X - F2, FEALE, &AM AE TImmOE— 4 —
EEVOREBL T IABEI L CBEYEERL L, BB RABO L L OBEER U RIR
BHEERELL,

KERUVBEFERRE, ThThF—I AP RUDO A~ — (YS], MODEL-57) #HuT
#AKHED 3 cm, 25cm R U 50cm O 3RETHEL 2. pH BiRAEH 7 A BB THEL -, Kb
KB EF ¥ >4 — (LI-COR, LI-190 SB)Y %AW TKIED 6 A TAEE F R U 25cm KB
THIEL 7,

2.4 {LRHH

Kefid NH,-N, NO.-N, NO-N RU PO, PBEGHTAA— b 7754 F— 2B (KH,
1982), £V ¥ (TP), #EELY > (DTP) id~0v4 v ZRiEH ) 7 A TINES8EE, BEE
22% (DTN) @7 ah Vi-ovd &Y B A U 7 A CHIBSEERA — F 7 F 74— THF

1 BAREAOFYRAR

Fig. 1 Flow rate into the experimental tank avaraged for each sampling intervals
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EBFWO L L SRS S OARIER £ O HENETZE

Lic (K, 1982), EESERE PON)BHFFAT 741 — 7 4 L5 — W HEECHN 0 —%—
TothLiz, 2R (TN)EEIX DTN BR > PON BE O LT, BEEEEZESE(DON)
#WEE DTN BE L BEREREXDINBELOE L L TR, $LEFESHEY ~ (DOP)
BEIDITPEE - PO, PEBELOEL LIRS, 7007 40 aB053H 12 UNESCO/
SCOR B L o7, BT ORE, EF, 700744 a BOSWRAKROERICHEL T,

LY ORBEINOEHRRAR RS, BX2II CHN 0 -5 — T L, U v Bl e 70
CORY N TR AEELT RV IHES Y Y ATERARMEL, T+ 54—
Lz, ARRBEE R E 2 hRL, HE0OmMm O A v v 2 Thbe, BER2AY A
FONEHUERELLR, L VOBSURUTER, V VrAROMIE T o RSB E
BE L7z, Ehe7 007 40 a BIZHFHREE0% 7 £ b BEW TR U 2%, UNESCO/SCOR
BREDERLL,

2.5 ELOMEERRURGEOEME

EERENAD 7T E23HEAKE 1 ~3»56, REBEETRO I ABEBCEKE»S v 2EIRL,
BUCTHetEk, BENCHHEERREL . £FHO L v ORER (M) i3 £ A EUEOMKTE
8 (Mear, gem™) TH2OT, EYOMEER P (gem™?) BRATHLTE 2 (Tsuchiva &
Iwaki, 1983) :

 ZAB +EM17eaf
:AB]- +2Nros Wiear q]eafﬁt:‘ (1)

ZITABERERDHEMS (gem™2), Neld T¥ v M (rosettessm™?), wiear i BT
EoHB (g-leafl™), G TEDRELE (leaves-rosetteled™) K LIZSBREER () T
Bo Nost et 2B T bic~v—F v ZHi L DRD L, s LEEOLERLHEL, wee?
WRATHEELR

heat = Wiam T 2 Wpe, (2)
RIEL, e SESOFHER (g-lamina™) R U we S EFHDEHER (gopeticle!) TH
3.

LREOAETREBBMFOH 2O OMEEEERUHERIRD 2 2 ETE 2L,
EOMEREE i (gem 2 d?) B, XERBETHIEOMAERRE pe (gem2:d-") LR

RELYOFAENBEOMEEREE b (2em2+d) EOMTHY, penBERTRTZLNT
52z

Diear= (ABleaf'J"Mleaf)/Ati (3)
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ROMEREOEMS AB e (gm™2) 1, 2EMIE oYy b Y40 0EN, 0¥y MR HE
EOBZERZAEL, 2OBP oKD bk PearDILEBIME—~FE TH B £ LT, pold Pear? ©
EL T,

BB B 2 EXERBEOSTEFIASRBEO I N TERTELOT
(Tsuchiya & Iwaki, 1983), RAIEHSCBT 2 e DBREROMML, 20w sita b
VOMERR, (Peath)Al, 25 Ma 2R TRD T,

2.6 #YTI50F rRUARESORERNENER
HEHB GOy 72 > 2 b OREFROBINE AB, (gCom™?) BRATHEL:

ABp:a(QEhOUt—QChm+SCh+Bi+1_Bi) (4)

eRU Qu RV Qu"iR 77 4 b ORHERUEAE (gchlam™), Sui7un74iva
DitkE# (g chleem™), BRBM B3 s RKEFDr7an 74 0 e DBFEE, Ml ae (=
47.7, n=TB)IXMEH T I 7 P DORF I 70T s N g LTEB LY RO, ARCERT L
DWEEER . Joo ekl (=8.05, =76 RUBEEY . 7un7sbalh (=
1.00, n=76)%Kw, HH 777 b YL L 2ER Y VOBREREHEL L, ABREN 7S
YL rOMEEEN BT I s R I ABARREE LS WY TS,
RREER, 1AMt rRIIL CEEEA2AIEL, REEOHEME AB: (gC-m?)
BRDI, W TH IR OLBTHEERVYY YEROHEE ST, KBEOBEERE®2RD I, ABr
EARBEEOMEEE > o (IBEYOEBRELEERZ LWL BICHYT 5,

I/ R

3.1 KEOER

KI5 DOV TAKE 0.2m TEEHE 2To B8, KBOREBR 2~4°CTHol, B2
CRAMNOKEDORFELL 2T T, BXLLAE1IREF2 TARD 3~ 4 COBREREINHA S
Nl Ly REALAETIR S ARFcBERESBEH s,

EE L R TIRESICERESTET 20, ARXERYIEOL0% 0 & KB TR
K1%id Uty EvEEZ A TR E VYEENRBLIE EAKPOMELRESE L, 9
VBB ZAEI 502 TO, BHEETOXEWHT 2 KE 20cm ORNEER 22N,
1.8%, 1.0%, 78%, 10%, 22%, 16%, 1.2%, SA%RUU%TH -7,

M3 &AENOBEREBEORBEELETT. A8 1 RU 2 CREFERI 2~ 5mg- 1!
FEmos, ITRRENXOBECIVER TSIV Mo oLEENET LD EELNS,
EyvRahAE TR, KBS 2R, BEORAR: LLEBEREREMETL, EBOBE
e rOBREBIRIEAL T,
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EHHEOE 1

b=
™
«©
-y

D30 WIEE B 15 00BIEE

LE w8

Depth-time diagram of water temperature measured at 8:30 {A) and at 15:00 (b)

)

VERE B AR

2
2

Fig.

FRFREOEE

Wik iE 8 1 30D RIERE, FERRLS L 000RIEE
3 Change in dissolved oxygen concentration at bottom of experimental tank.

EE GiomkiE) OF

3

Fig.

Solid line represents the data taken at 8:30 and dashed line does the data

taken at 15:00,
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8§ 23025 9 ABE DD, Kif1 55 9 TOpHEZLFH, 8.1~8.3, 7.2~8.2,
8.4~9.4, 7.3~8.2, 7.3~9.9, 7.3~7.9, 7.0~7.9, 7.2~7.9RU7.0~8.0TH o7,

B4 aRUbic~y FFrrabOiMk, &KERN, RUSKELLOMHAOER, U
RUzoa74n o BEORE&#RT, KENLHEK: THESHET 2 -, BEVEORE
KRETOROEA LN PBEFRERRVEFR) Y BECRELALBLHAShE ST,
8RB, Ny R v 2 ADBIKOHEAEIFED L7272 NOy-N 237 2 mg- /%, NH,-N #
%5 1.5mg+ [, PO-P##10.7Tmg - ["UCEML 7243, #h OB R Fh £ 05mg- I, 0.
Smg+l', RUF02mge /L iZITRER) ORBERE 2L T,

2007 4 g B, £ rRIRDERG I ARE 3 T 30~50mg chLa m=2TH - F Ao Al
TREBEHmE chlemBUTTH o7, E V2RO BB EE~NCLLREIRY 2T
Broa? g e BEREA L, NHA-N BRUNG-N g, £E2EA~0LURnAEI TRELSL
Frds, HEEAVLUAEL L2 THEBRIE TR Tk,

bR AKE4»S 9 T2 NH-N & 02mge I LITF iz U7z, NO-NRKBE 7T TH
oAt 02mg ITFTH o, POLPREEBZERE LS CREL T, 0.03mg- "' 5
0.2mg- [T ORTH 7z,

1.2 bvnBERC4AERRUEY TS0 b e piVERORER
RIKbevOREFREMEEEELYRT, HEERE R, THOEYEELSECLD2RAZED
HLAKIE G T, ERFEEEC OEMEE LRV 9g mA-d 2R L, ZOHEb 9~12gmd %
WL TV 2RO v EFRBEOHBAZRO R AR 7 T, EREMNP 9 gem2d- 1
FOBGMEEEESHBL TV, ZALEHS, YO vEERSVLERARO D LA
B9 TR, MEERERERFABBOIERE, llgm2dltEhrors, FORIEI4I~6g
m2d UWEA L, 20K, BEOBBRE L b YOREERERFAKRIZI I DEES
ANQERG [ EAENCE T

Y OBEREHAKE, TobbHARMRIIELTH LY, §ABECRE, HAROR
LEDSRAR O RV T TIHRENRFTN 46g.m™ 2R ¥ 351g-m‘2b7§.‘9%:u 8 A24ALARIE, M&E
EEEQH L CHERIHEIIL 2o I BT ED S o220 TH 5,

SRR RO L Lk 5 T3, 8 ABAETOMOD L L OMEERER, 3
gem e d LB O EOERR L, Ledio THERD 154g-m 4z LKL 255 72,

7HUH»S 8 AA oYM YW TR, £ OMEERE P, (gem?-d) ESES
% (DIN) & Ly (mgNem™2+d™!) OBMRKAOBEENLD o7

Po=2.7+0.042 L5 (n=15, »=0.92, p<0.05) {5)

L, KELIREHTWEYL, 3 B24A4,5 9 A13R ¥ TORBIC DV T, iz Low b EH

— 168 —




— 601 —
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Fig.

da KEENOERE, JrRUZ7I07 40 BEOEREL (L E3EASA Hi~y P72 2s0FbkERT)

W ey VB BEREERY > O BEFEEHRY > 0V rEEY -
E: 22% FBRREEESE 0 BEETEERERE O EETEERER
(1) PHREHESE % ) EEMEER W FrESTEEE ) sunT i Na

4a Time-specific changes in nitrogen, phosphorus, and chlorophyll @ concentrations in experimental tanks
"L " and "H " indicate inflowing lake water and water in head tank, respectively.
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Time-specific changes in nitrogen, phosphorus,
Symbols and legends are the same as Fig. 4a.

and chlorophyll @ concentrations in outflow water from experimental tanks
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* 1 #&RENOEyOREEFE REAOBINEEUHEELE
‘BIWHER AR BEFEORINE | p SEEEEE
Table 1 Biomass, biomass increment, and daily net production of Trapa natens in experimental tanks during a peried of 51
d from 24 July to 13 September 1984
B : biomass; dB : biomass increment; p,: daily net production. Net production during a given period is shown in parenthesis
(g*m ~%)
Tank 4 Tank 5 Tank 6 Tank 7 Tank 8 Tank 9
Data Interval B dB b B dB b B dB Dn B dB n B dB Pn B dB o
(@ (g/m?) (g/m?) (@/md) (g/m? (g/m?) (g/md) (g/m®) (g/m*) (g/m'd} (g/m*) (g/m?) (g/m*d) (g/m?) (g/m?) {g/md) {g/m*} (g/m?) (g/m’d)
24 Jul. 61 94 233 108 137 149
9 15 3.2 -6 4 04 19.4 52 9.1 26 5.1 75 11.2
2 Aug. 76 88 327 160 163 224
15 16 7.1 33 3.7 97 16.4 155 15.5 92 7.2 28 5.0
17 Aug. 142 121 424 315 255 252
6 29 7.3 16 4.2 22 11.5 36 9.8 38 9.9 15 5.8
23 Aug. 171 137 446 351 293 267
7 34 7.3 17 4.2 25 11.5 41 9.8 44 9.9 18 5.8
30 Aug- 205 154 471 392 337 285
14 4 2.7 -20 4 16 9.4 68 10.4 -3 5.1 11 4.2
13 Sep- 207 134 487 460 334 296
24 Jul.- 30 110 6.0 43 2.8 213 16.3 214 12.4 156 7.1 118 7.0
23 Aug. {180) ( 84) (490) {374} (214) (211}
24 Aug.- 21 36 4.2 -3 1.6 43 10.1 109 10.2 41 7.4 29 4.8
13 Sep. { 89) { 34) (212) (214) (155) (100}
23 Jul.- 51 116 5.3 40 2.3 254 13.8 352 11.5 197 7.2 147 6.1
13 Sep- (269) (218)) (702) (588) (369) (311)
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Table 2 Changes in the phytoplankton biomass in the inflow water and in
experimental tanks
Biomass is expressed as carbon weight for each taxonomical group.

Biomass {mgC-m~%

Date Group
Inflow Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8 Tank 9

2 Aug. Cyanobacteria 30 10 10 20 0 10 10 10 10 10
Green algae 10 10 130 80 10 0 10 10 10 20
Diatoms 19 10 10 150 10 1 10 10 0 0
Flagellates 10 20 130 620 20 30 470 10 10 40
Total B0 30 280 870 40 40 500 40 30 70
9 Aug. Cyanobacteria 420 0 10 50 20 10 10 100 0 10
Green algae 40 0 10 80 30 0 10 10 0 10
Diatoms 30 0 10 50 ¢ 0 10 10 10 10
Flagellates 10 10 0 20 10 10 10 30 10 60
Total 500 10 30 200 60 20 40 150 20 %0
17 Aug. {yanobacteria 299 20 10 18 10 16 40 30 0 0
Green algae 30 19 10 180 0 0 ] 10 0 0
Diatoms 20 10 10 19 0 0 20 10 10 30
Flagellates 10 10 0 60 ] 10 10 20 10 0
Total 350 50 30 260 10 20 70 70 20 30
23 Aug. Cyanobacteria 0 10 40 0 10 20 20 0 40
Green algae 0 10 200 10 10 10 10 0 10
Diatoms 10 10 90 W 10 10 10 0 40
Flagellates 40 170 850 10 100 30 40 20 160
Total 50 200 1180 120 130 70 80 20 250
30 Aug. Cyancbacteria 610 140 50 60 10 70 90 90 30 70
Green algae 20 19 20 50 0 30 19 240 10 10
Diatoms 30 50 10 40 10 50 10 10 10 30
Flagellates 10 60 30 780 490 270 50 30 10 80
Total 670 260 160 930 540 420 160 150 60 150
6 Sep. Cyanobacteria 170 30 90 100 30 ‘160 40 40 30 50
Green algae 10 0 0 10 i0 20 10 0 0 10
Diatoms 110 10 20 10 10 30 10 10 10 0
Flagellates 0 0 0 10 20 80 0 1] 0 0
Total 290 40 110 130 70 290 60 50 40 60
13 Sep.  Cyanobacteria 460 10 110 70 210 380 10 30 40 0
Green algae 70 10 10 20 50 40 10 0 10 0
Diatoms 360 20 40 50 160 180 10 50 40 40
Flagellates 30 20 80 370 310 280 140 30 10 190
Total 920 60 240 510 670 89 170 110 100 230
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BEulFEsBehtgroiz,

K27 I 7 P OMEHEOBRGERFRERL L TRT, B 7T 2 b OERTL
ETAKEAKEATE L BE o, ThbbiiAkdg (=#AKF) T, Microcystis spp. BV
Aphanizomenon flos-aquae #h e T35 BENEEL, Y77 7 F 2O RER,
300~900mgC - m D KIB0% A SH T i, I HEOKERNTEY ThyEb L, Kbbdic
Chlamydomonas spp. %l & T2 FERESEH L, FoAE3 TRESREHOREFENS
Higgw 800mgCom 32 L 2. TDE 4, KIE 2 B3 T Dictyosphaerium  puichellum,

# 3 BAERNOEM I + OREZOEINE
AKERD 7 207 4 AaDRINE, 7 007 4 Ao, R 0o 7 4 Ladil
HREHABROEDGE L VETEL:, FIAREEROHETELTT,

Table 3 Biomass increment of phytoplankton in experimental tanks during a
period of 51 d from 24 June to 13 September 1984
Increment was the sum of chlorophyll a amounts of the change in standing crop
in tank, sedimentation, and the difference between outflow and inflow.
Carbon values estimated by multiplying by carbon: chlorophyll a ratio of 47.7
are shown in parentheses {gC m=%) .

Chlorophyll @ amount (mg m-2)
Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8 Tank 9

24 Jun.-23 Aug. (30 d)
Change in standing

stock in tank -2 1 19 11 —6 6 —12 —4 —14
Sedimentation 94 57 219 105 192 201 169 148 83
Outflow—Inflow 17 —10 47 —14 —27 4% —22 —-12 —22
Biomass increment 109 48 285 102 159 248 135 132 57

(5.2) (2.3 (13.6) (4.8) (7.6) (11.8) (6.4) (6.3 (2.7
24 Aug.-13 Sep. 21 &)
Change in standing

stock in tank -5 3 -6 3 25 —24 10 2 5
Sedimentation 84 67 225 120 68 297 211 233 167
Qutflow —Inflow —107 —146 -11 —90 —40  —107 —-93 -—118 —96
Biomass increment —28 —76 208 33 53 166 128 117 76

(—=1.3) (=3.8) (9.9 (1.6 (25 (7.9 (61 (56 (3.6

24 Jun.-13 Sep. (51 d)
Change in standing

stock in tank -7 4 13 14 19 —18 2 -2 1
Sedimentation ] 178 124 444 225 260 498 380 381 250
Qutflow —Inflow —-90 —156 36 —104 —67 —-66 —115 —130 —118
Biomass increment 8l —28 493 135 212 414 263 249 133

(3.9 (—1.3) (23.5) (6.4 (10.1) (i9.7) (2.5 {11.9) (6.3
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Scenedesmus spp. MU' Actinastriom spp. 2 ¥ OFEREH 100mgCem= DIl cinT s 2 b
Hot,

RICEM7 707+ OBREROEMEL T, JOBEIMEEROEERL 2555, X
LawAiS3 TROE<, THUE,»5 8 H23H & COMMIC DT 0.45gC-m™2-d"", 8§ H24
B 0 H13H £ TOMMIIZ 2w T 047gCm2-d 1T & o 7r,,

EYEMALAE L~ I TCRAEEOMNBR e v OEEZ - HELMELRL T, 20
BB B RO 70074 L g BENKRE(FELTWIOT, EHO 7007 4 L a B0
BOBHIE Y ORBRETHS LfEEEN, KBOEW 77027 b v OMEERE ZORDE L
D OEVbDEELILRD,

K8 3 5 91id Cladophora spp. EORRBEFSHBL, BRHFME AR - 7205, KEE~0
LA IRV 2CREBEL o702 (F4), AMEIRUS CREAITHL *0HERE, 1
FTREET Mg m 2R U T3g-m 2 EL 72, KESIem OAKENOHES 77 > 7 b wBaitont?

#* 4 HARBAORINEHECREROEINR
ADELD Iz LR fce *ENRZ QBB DIR) 2 Th&d > 2 L 2R,

Table 4 Biomass increment of filamentous algae in experimental tanks during a
period of 51 d from 24 June to 13 September 1984
Increments were estimated by the harvest method. An asterisc indicates that no
harvest was dene during the interval.

Biomass increment (g m™?)

Date Interval{d)

Tank 3 Tank4 Tank5 Tank6 Tank?7 Tank 8 Tank?$9
o 9 * 7.4 15.3 4.8 25.8 * %
s 7 * * * % % 16.6 13.9
e 8 . 54.0 3.9 72.5 3.9 18.6 * *
7 A 6 _ * * * * * 8.6 16.8
e 7 6.4 1.2 34.9 1 2 5.4 10.8
0 due 14 11.5 2.5 58.9 7 1.6 .3 27.9
13 Sep.
2: i:?g- 30 55.6 11.6 96.5 8.7 44.5 25.2 30.7
i; IS\:E‘- 21 16.3 3.4 85.1 8 1.8 5.7 38.7
i; él:pli_ 51 71.9 15.0 181.6 9.5 46.3 30.9 69.4
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EHFMOE -z X 3HK» S OFREERE DO EBEHIE

2 05gC-m™2, BEERTH] gmP*THIOAZ LR 5hERVETRTE S, L ¥ &M
ZEAREA S 0T, EVSEFETCE AR RABHEONERERE 2 2EENIAS

iz,

3.3 BERUY ONK

ES e v RULREEEOERELTY »0E8BFEE2TT, tYOHENTIE, EFLIRDER
SERNBE L, 1.6~3.1%Thok, V VEEXREFLOREMABOERSE LA
0.16~0.56% TH »7r, RRBEOEERVY L SERILIEHOERE ¥ bIE R o7,
EEBEIWT R SO FARIVHEL, FREBEIMEREAMEOENETRZBEL

*

5

Table 5

EVRURREREPOBER ) VOEEE (HEIUNTSRETEY)
Nitrogen and phosphorus concentraions in Trapa wnatans and in
filamentous algae (% of dry weight)

Date

Organ

Nitrogen concentraion (%} Phosphorus concentration (%)

Tank number Tank number

2&3 4 5 § 7 8 4 2&3 4 5 6 7 8 4

Trapa natans

23 Jul.

Z Aug.

30 Aug.

13 Sep.

Lamina
Peticle
Stem
Water root
Root

Seed

Lamina
Petiole

Lamina
Petiole

Lamina
Petiole
Stem
Water root
Root

Seed

Filamentous algae

24 Jul.

2 Aug.
17 Aug.
23 Aug.
30 Aug.
13 Sep.

1.8 .20

1.3 .24
1.1 .19
1.7 .19
2.0 .29
1.4 .29
2.2 1.6 2.7 24 2.1 16 21 .4 21 23 .23 20
1.6 1.3 1.4 1.5 1.4 1.1 .24 16 3 .24 .22 .23
23 18 2.2 31 2.3 1.4 .23 .21 .29 .3 .28 22
1.3 9 1.1 1.5 1.1 34 .25 45 .56 .43 .38
2.5 2.2 23 44
1.0 8 .23 41
.6 .6 .14 28
2.9 1.7 22 44
1.7 2.6 5433
1.5 1.1 343

1.4 2.4 1.8 20 29 26 2.7 .24 .25 .26 .22 .53 .30 .27
2.2 2.1 32 3.7 3.2 20 232 .17 .30 400 .30 .25
3.0 3.2 2.6 4.2 4.2 340 41 57 .36 BT
38 25 52 .3
52 41 2.9 48 52 4.6 3.7 .51 .84 .55 .38 .57 .51 .38
48 56 53 53 56 5.6
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HHEECK - R B ET

FREFAE, REEBEGKEATYE x40, HOOXBEBEIELCTHLIELLETAT
H2, BEORBHEBEICIAELEERTHoLT(E4a, b), FEBHNTOHERERER
HETFNTIEEAEROMAONE P oD, JITRBEOEFLOEROHZKEDVTET,
B5i8H23A TONBRMORARUVMILOBERR LV v %2 R7T, PON idAl 3 °H
HEWRARLIOEL, KENTEESNTEN T 707 britkdbnrErLohd, ook
BTk, AiE 6 LAS Tk PON WHREENE L B o T, DON @ Fh oK Ty R 2R
D, KERTHEEK X 2BFEETBYORNEMNERTHH 2t #T7HR L T iz, DIN i
HENHARINZZ20IEL, By 2 ALK TEECH 72, DIN O AR & fHE
YOE, TRbEAERATEZ y FENZBRFARCEIL TEL 2> Tnts, EEL 7kiE
1 U2 Tk T % DIN bk L 0 5 -7,

Y2 TLBEREAZEO I EHBWZ 25, DIN CH~T PO,-P AUENRIC B A 120, 7

500

inflow autflow
Nitrogen
flov 400 | B
(mgN/m2-d)

inflaw
7 b \\\7
Phosphorus £ 3

flow
(mgP/m2-d)

40
gutflaow

5 TH22B»SB3ANBEETOMMICBY2EKETOY > - EXROH YL NH
ARRUHHE
(2R IO Y

Fig. 5 Inflow and outflow of nitrogen and phosphorus for each tank during a period of
30 d from 24 July to 23 August 1984
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EHFMO b T & A#Km o OREER O EBRRITE

93 PO, PEIEEN -7 (B5b),

#6 CHAT S DIN RUPO,-POEZ%ETY, 7TH2UES,S 8 H23A 2 TOMBME 2V TH,
EV AL AKIE A~ 9 TIRHAT S DIN @5 584~BRUIAERTHZ v Fah T, K
5 2kE, b7y FANROD B0~10%EE vORERICEEL Tl LTk s, K
5T AREEABEL Twi, by ORFEOMIEE dby (mgN-m2-d™') RUHEH 77 >~
7 by, %REEEVEYDL2TO—REEZTOHREFRILEE dbroa (mgN+m~2+d™') & DIN
BWER Loy (mgNem~-d) OMCRBRERLXERIE i

déy =26.6+0.41 L0y (n=196, r=0.96, p<0.05) (6)
Abroas =47.3+0.65L51n {(n=16, r=0.95 p<0.05) (N

Thbbb v RRES: ol BEFEERAGR, XBEOSESThA T EELON
5, KEEHRT Iy 73 HADIN R Cheo—REERFOHEEWNR THYEE NI, (6)
RAFAAFES H5mgNem -4 UT TR e v ORGFEMMEAESRAGRE S LB, =
DI LRAFEOBEVESRE Y EhLLTAREERY S FEELRINL THFRCELL D
ZIEERBLTwE, £7:06), (DRAREFRSEMNT 3y, —REEECELT 28E
PETT2ZEbRDLTWS, KEITRFADIN @5 590%0 b 7 v 784, b7y 7Eh
RROCUYHEH T T 7 by EARBREOBAERENBTHETE:, HEE~LLXEL
RU2 TRHEAED D b0%LI LM AERTE Sy 7E3RTED, @777 Y ORERED
MM THETE20E 209 bO6~26%TH o7z BEWOMERRIHELIT> TV
M, TORTHLEYOHILHBERITEY, FLEEBL TR EEI NS, EBRETROE
WHOERSHRIZ, Kl 106 9 TERER, 0.45%, 0.46%, 0.53%, 0.44%, 0.45%,
0.59%, 0.50%, 0.42% K T0.45% TH -1z,

4 # I

KERE % B 2 K E R BT B HIRR, B8 ) VBEOB S IRAEKBEOKC D
WT, RF 4 T4 (Eichhornia crassipes) O IFERY (Wolverton & McDonald, 1979; Reddy,
1983) %, 4 /48 (Scirpus spp.) kU3 ¥ (Phragmites spp.) % ¥ ORiAEH (De Jong, 1976;
Spangler 5, 1976; Zauke &, 1982) ZHLTHEL a3 T3, BTFNLDOFETHHN%E
WEBREFESRON TS,

ZFR ) VRES L VECERKET, REERZC DL TOHRFR T (ELA - FHHE,
1978; Vincent & Downs, 1980; Howard-Williams &, 1982}, Zi o D#RTE, ROFHEHNED
BECIERHREE - W ST8NHS, E Y ERAUSAFREBFT LA V55T ¥
(MMWMmq&mwﬁ®$§T%@MT@tﬁﬁﬂﬁwgmq@témLMQ%m*@”@%?
PRIRL, ZoBEAE)kpseE%5ES LES L5 (Howard-Williams &, 1982),
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# 6a WABFEERER DIN) ORERNDOIE
RPN & BROFANGE EERERIINT 2 REETT,

Table 6a Fate of the dissolved inorganic nitrogen (DIN) flown into the
experimental tanks
Percentage of each component to inflowing DIN is shown in parenthesis.

Nitrogen flux (mgN +m=2-d™Y)

Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank § Tank 7 Tank 8 Tank 9

24 Jul.-23 Aug.

DIN mow 175 120 173 67 160 266 284 125 109
(00)  {100)  (100) (100) (100) (100} (100) (2000 (160}

DIN guerion 65 46 17 5 4 22 " 7 3
(37 (36 (100 (D (D (8 (18 (& (3

DIN triow = DINoussion 110 83 156 62 156 244 240 118 106
(63 (60 (90) (93 (98 (92 (80 (o4 (97

Increace in 29 13 7% 27 43 67 36 35 15
phytoplankton biomass ¢ 17y (10y (44 (41 (2n (25 (13 (28 (14
Increase in the biomass 0 ] 56 10 81 11 58 28 23
of filamentous algae gy (o) (31 (15 (50) (4 (20 (23 (20
Increase in 0 o 0 63 21 132 150 88 53
Trapa natans blomass (o) (@) (@) (94 (13 (500 (53 (700 (49
Increase in the biomass 29 13 132 100 145 200 245 152 92
of primary producers 17y (105 (77 (1500 (91 (79 (86 (121) (84
Net production of 0 0 0 102 42 301 23t 120 45
Trapa natans Co (0 (0 (154 (2 (113) (8 (9% (8D

24 Aug.-13 Sep.

DIN arow 200 399 19 311 230 216 138 183 192
{100} (100} {100} (1000 (100} (100) (100} (100) {100)

DINGuiriow 73 174 44 57 13 10 12 10 17
(36) (40 (29 (18 (5 (5 (9 (5 (9

DIN inaiow — DINoutriow 128 226 148 255 217 206 125 173 175
(64) (560 (77 (82y (95) (95 (91 (95 (9D

[ncrease in -11 -29 80 13 20 64 49 45 29
phytoplankton biomass gy (_5y (4 (4 (9 (29 (36 (25 (15
Interease in the hiomass )] D 35 8 193 2 4 10 88
of filamentous algae gy ¢ @ (18 (2 (80 (1 (3 (5 (46
Increase in 0 0 0 31 -7 28 81 32 20
Trapa natans biomass ¢ oy (0 ¢ 0) (100 (-3 (13 (59 (18 (10
Increase in the biomass 11 -29 114 52 207 94 134 87 137
of primary producers ¢ 5y ( -7y (60) (17 (90) (44 (98 (47 (71}
Net production of 0 0 0 77 25 142 155 110 73
Trapa nalans C0 (0 (0 (2 (1D (& (112 (60 {38
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& 6b HRAY XEEEY > (PO,-P) DAEADIN

EHEBFOL 2 L BHAKS 5 ORI EDEBRIGTHE

FUNEEERORAY »BEY v T 3% HERT,

Table 6b Fate of the phosphate phosphorus (PO,-P) flown into the experimental

tanks
Percentage of each component to inflowing PO,-P is shown in parenthesis.

Phosphorus flux (mgP - m™2+d™"}

Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Tank 7 Tank 8 Tank 9

24 Jul.-23 Aug.
PO{'P"ﬂIﬂW

POl_POUlf]OW
PO4'P1nr|ow - PO!'Pnuttluw
Increase in

phytoplankton biomass

Increase in the biomass
of filamentous algae

Increase in
Trapa natans biomass

Increase in the biomass
of primary producers

Net production of
Trapa nalans

24 Aug.-13 Sep.
PO4'P1nf!0v~'

PO¢'PuuUluw
POA'PInrlow - POrPouulow

Increase in )
phytoplankton biomass

Increase in the biomass
of filamentous algae

Increase in .
Trapa natans biomass

Increase in the biomass
of primary producers

Net production of
Trapa natans

28.8
(100)
9.6
{33
19.2
( 67
3.6
{ 13)
0.0
[}
0.0
)
3.6
{13}
0.0
o

331
(100)

17.0
{ 51)

16.1
(49

21.3
(100)
6.6
(3
14.7
( 69)
1.6
8
0.0
()
0.0
0
1.6
(8
0.0
0

66.0
(109)

44.3
)]

21.7

29.3 11.5
(100} (100
9.4 2.1
(32 (18
19.8 9.4
(68 (82
9.5 3.4
(32) (30
6.0 1.4
{200 (12
0.0 8.8
o (1M
15.5 13.6
(58 (18
0.¢ 14.4
¢ o (125

34.0  49.7
(1000 (100
214 31.8
{63 {64
12.6  18.0
(30 (38
9.9 1.6
(2, (3
4.0 1.4
(12 (3
0.0 4.8
0 (1
13.9 7.8
{41)  ( 16)
0.0 111
(0 (22)

26.5
(100)

3.9
( 15

22.6
( 85)

37.3
(100)

28.7
(10

{23)
2.5
(7
t22.2
( 59)
-0.4
{-p
24.3
{ 65)
3.6
{ 10

4.8
(100
10.7
{ 24)
34.1
( 76)
8.3
( 18)
0.9

39.1
(100}
15.3
{39
23.9
( 61}
7.9
{ 20}
0.1
{0
7.4
(19
15.5
{40
38.1
(97}

48.4
{100)
15.9
( 33)
32.5
{ 67)
4.5
9
7.1
( 15)
22.3
( 46)
33.8
(70}
34.6
(71}

21.8
Y]
28.4
(113)
42.2
(169)

20.9
(100)
3.5
(17
17.4
(83)
4.4
(21
3.2
{ 15)
13.5
{ 65)
21.1
(101

32.6
(100}
13.1
{ 40)
18.5
{ 60)
5.6
(17
1.4
( 4)
7.2
{22)
14.1
{ 43)
27.2
( 84)

18.8
(100}
2.7
(14)
16.1
{ 86)
1.9
(10
3.1
16)
9.0
( 48)
14.9
(74
16.3
{ 86)

—

33.3
(100}
12.9
{39
20.4
{ 61)
3.6
{11)
7.0
{21
3.8
(12
14.5
{ 44)
12.5
(37
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ERERGE LB ES

FHRETR, EvOEFTOC— 27 (TB24E~8 H23H) 2, AT ARE- ) 2 093%it

EYBERGETARITNS v Fah, W% ERE YRl LT 3~ EEDBERCELL
T (%6, KE4~9), TOIEARES 2HBWTIE, B ErE v ORTFEERMETH -
oo EEHOL VOEERINASHRBCEEL T/, ERPEGOLARED I 5, BHRE
DV TEB0~150%33, U DL TiRT0~125% A E Y DEBCBITL T, £y OERRIN
ENSIREERNS TH 150mgN-m~?-d", MiEEHE TH 300mgN-m2.d'ThH o7, —7F,
2o OKE 3 TR AREEER E08% S, MUK 1 RU2 TEI~64% T T v
FERTW,

$FHOC— 7 2 @AX¥ s (8HUBE~IHIZH), b v O4ECBITT 2HEREDL 22,
FNTHLEZROHABRMBONSE 5 v AL T (£, KiE4~9),

6~ 8 ADEEARBLED St. 1 2B 3 KRBERBKEIE NO,-N, NH-N, PO-PTrazh
0.5~15mg+I~", 0.5~15mg+l"", 0.01~0.03mg+/"'TH 5 (LEHFHE 71— 7, 1984), HEA
TOELIEET 5, FHROBERVATREZRIC DL THIEVY, ) XKDV TREVD
TY DLW TOEASRBETIRKROLLLTHE S D, BEARES~NO 6 ~8 HDAH
Ei3 DIN, PO,-P T###h87~100gN-m%d"!, 7 mgP-m~2-d-'CH 3 (A5, 1981), (6)
Rickhif, BEABEORABFEOT TR, Y iERBMSNLBFRAATEEREKEL
T2 eEIONE,

FEMYPEBEERCERTEEESS, THHLEREENS LI 25, KRAERERICHT
ZEFEELDA VN7 bR swEEL SN T WL (Brock 5, 19831 14, 1983), ABHETI
SERBEORECKE 6 TEOMEEFESRLE L, 7H4EH»5 9 A138 & TOFIfEL 8.8g-
md ' Thol, EVOER, RIFCBRACRELVF -y S L3 L, JEBETEER
0% LLF AT 2 (14, 1982), ChoDMEPI77 v 7 b ViR, BEEERY &R
% (Godshalk * Wetzel, 1976).,- {R i BB DB AHHI10% & + 4 &, KiE6 Tk 134mgN-
m2d 'O DON BER S TR I3 (BEFER1. TR LTHRELL, #H2H), L
2L DON it, KA THRAKFORELD b HL (K4 a), MHERAARETR- T
7z (E5), '

By R DERLZVLIRERGE L VIERT 2BEEERE, RNOBEMEC L OFHIATY
eFEzond, Gyl T, MR VETORADOEERRME L Y LBV mIcE s
ZZENFISRTVWS (M, 1981), ARETCRHEOERSThkp o8, L YOREFREOR
v, Lo THEEEENOLHBEDZ L ABEI L BFHRBESETLTw LI E» s (B
3), ThoOKETRMEC L3 ABIEAVBR T L EZ on b, fiAED 2R L -8k
MBS AFATEAY 2 —AEMATHEOEE2ES S LEE - U > OAEIRLAIEC L
BT 5 L RESNTED (Gersberg &, 1983), ME4BL TOEHE Y v OBEHOEF S
BORELEA5,
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EFWO 2 L Lk S OEFIERE O RS

#= 7T EBRTE (9AL13H) DB EIEER, ERVRO VR

Table 7 Biomasses, nitrogen standing stocks, and phosphorus standing stocks of
various organs of Trapa natans at the end of the experiment (13
September 1984)

Dry weight (g + m™?) Nitrogen (gN m~?) Phosphorus {gP * m~?)
Tank number i Tank number Tank number
Organ 4 5 6 7 8 9 4 5 6 7 8 9 4 5 6 7 8 9

Lamina 52 25 86 112 67 42 1.29 .62 1.89 2.45 1.47 1.04 .12 .06 .27 .35 .21 .10
Petiole 24 8 67103 45 25 .25 08 .52 .79 .35 .26 .06 .02 .28 .43 .19 .06

Stem 44 40 99 71 76 83 .25 .23 .58 .41 .44 .48 06 .06 .27 20 .21 .12
Water root 24 12 80 50 60 46 .42 .22 1.33 .83 .99 .79 .05 .03 .35 .22 .26 .10
Root 14 18 7 22 2 18 .42 .54 .17 .59 .65 .54 .08 .10 .02 07 .0R .10
Seed 39 18 92 98 59 78 B8 .27 1.05 1.12 .67 1.1§ .13 .06 .33 .35 .21 .26

Total 197 122 431 456 332 293 3.21 1.96 5.53 6.19 4.57 4.28 .50 .32 1.52 1.61 1.16 .73
(9% of dry
weight) (1.6} (1.6) (1.3) (1.4) {1.4) (1.5) (.25) (.26) (.35} (.35) (.35) (.25)

FREFERLD, cvoEBFHcEwTH, MRSV OO, FFENZO ETIREH R
mIshwlsgholk, 2hevOEEOBOKENTIRERERENHAKTOBE LD
BEMIZEL, BRARUVERT 2 XBERECHICEERTEES N T W, LT, by
DEEMTHIERHCE, byl T 2EBRAKBEO 7 v 72T, LMY T T~
S rORGREEESEMEL TV E LS,

KERTRHOC vy ORBEHOREES, &HE, EF, V20 TRTETRT, HAERNOE
Y ORFIRIZAPIR L IROBRERMNOT% # 50 Tz, BREROB VLA TOARBREZ IR
HERIDE, Bk 6 CRkPREZMREROI2MIGEL TH 0, KHRAEFERNC
BOWTHEBLRBRHERLLTWL ZEE2REBL Tni,

ERRBIC L 2 &, £ YORMUAHROFEERMEFEIHEAGOTROBESHERALNT,
WUGHEE X NH,-N 2 NO;-N £ 0 3~ 4 &<, FREHR Ve b 15mg ' HOBEE Tk
AT EARA IS R E AT 5 (Tsuchiva & Iwaki, 1979), SEAEOER1I~5em O
flef & kth D NH,-N #@%&2 5~ 6 mge /™!, NO, -+ NO,-N #%i:0.2~05mg- 1", PO,-P i85
0.2~03mg-I""TH % (MR - Z#k, 1984), AARTE, BT kboBFR - V- BEOERE
bk poteS, BEATOEZEECT 2, NH-N k2w TEERD, NOy-N & PO,-P 2
DLTRARORBEDFS SR & LB S 1D,

REOBAE L bz, tyodD) v EERIERRUVERL L ERL, MARNE k2 E
YEEENRALS L0 IEASAS NS, BRTREFOBERBEL T, 27(FE), K7
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BEERE - LHES

AT A4 DED Bkph o FEESRNT 2FERDOSE L, BhETogEE. Vo 08F
HEKPOEE YV VBECKEL TEAE TS (- Fill, 1982), U rORGBEL T, #X
7 ETRFEAREDY SEICRET 2EEAEL I ARG AR TS (Carignan, 1981),
SEFRORMCEAL THFHEL S,

HEACLYDEREEFITE»S IHOME, EHT2.7%, BRTLA%THS (£,
RHER), FER T 8 RO2KBOTISENEST2.2% (#=12), BHTR1.3% (n=11) T
(£5), BERATUHDL2BIREALVEr-7, ioBRAEMOKEXREHOEESHEEIR, £
FvEN Ty DEFTLE%, YK T2.9~5.3% (Whangamata JIl, Howard-Williams &,
1982), 74 ORET1.8% (Bemmelse Strang #l, Brock &, 1983}, &7 4 74 4 £mMIET
3.1% (UR8H, T, 1981) £72431.5~2.1% (SiEA, EITAEWERF, 1984) TH2, B
HORFELYLOMTE, CyOBEEFEIRT AT ACERTEE0L D, K6 k¥
TTHEYORHFERR 480g-m2ic b E LY (K1), BAMB TR E v BRRBERITH 300g-
m~? (B¢d:, 1981; Tsuchiva & Iwaki, 1983; Ravera 5, 1984) T& %, 300g-m2ORERDIE
&, EE ) COBRFRITATA42em™, 08gm T (BEEEENEFNLAY, 0.25% LT 3)
b, IOEE, BEORERASORABNE (FHFS, 1981 2B 5L, £FHE
ERHBOANDEC L2 Y YREOHBRIREWI EBHFa N2,

g0, BTPOLEERIRL, AFROVNABEEHTHIL(ERT), BTHOBERVL) »5F
BEZFAPNEEDCL MUY EU0.35%T, BIEROBWAHE 6 LT TOBTFREEEhE2FER
P YBEFRFR LlmgN -m 2R U 0.34mgP-m* Th -7 (R 7)) BFORKBT R FTHEL IS
Wizh, EYEBUIRVEFEERIIEREEOBE LI RL o RFMLE2 b0 TH D,

EVRB~AC AT L O RESER A LLTL, BEHO 7 Vv EEO TV - LHCE
BEAEELTBILT, HOoBRELEIMEIL TV VRS, BEANHOEERTIE
e TS RS R Y, FHCREkhomEERY, FHCEERESDLZTOY
BREBHEETHES LR s AT 5 (ZIF- A8, 1981 &5, 1984), BIRERRCE
VT, ty@%%ﬁ@&wﬁﬁzowf,EW¢@M%¢%§®&%T@%%EW§%%%@
KT 5 ENSHROBED-2TH S,

SEIOEBR TR AENOW KO BERFEIZ0.6~2.58ThH - 2. BEEEN L Y ELEE TR
FREBRRBEEQETHSECY, ER»SO7 VETHEEEH LV Y L OBENEEI NI T
MM H L, 77, EVFUREFLSAERLL 7 v EEOFRIC LY, HEOETERERD
ETHb7-08N588 1 FHKS, 1979), ERS S OREERE &mﬁﬁénéﬁﬁﬁm
B, heOEAERLLERIMFELLETSHS I,

5 &9
BHOEFHEO vHENMAKOFBRESBC LRI TEErEMIT IO, 9EDFRP
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EWEO L 212 X Bk S OREIEE £ O FEIFE

AERCE AL OERLLEY CERE ARBAZHIFELT, TRUE»59A138 T
M, RL22%- V) Y ARBO T TORBIENT L EWEE B~ . #AKI I PO,-P,
NO;-N, NH,-N #, B#E#AZheEn02mg-1", 05mg /™, 05mg ¥ 207 2 X 3EmML
Foo 3EDKMA S EEREBHAI L RS TREL, S5CT03 50 2 EOARITELL
oo MVOAMICREL2FEETEYRELL,

KEAC—REEERE Y, BN7 77 by RUAREBETH - 2. RIRESREE L 12K
FELADCT N TIHBL, B R TCHREESED -, P77 7 t v ORFERIER-
b '

EVDEEFEOE 78 (TH4H~8B23R) I, RATAISRE- UV r03%Er2dulr
TAHRRIZMI v ah, W%UEREY2RLE T3 - REEFORERICERML T, £
WEOMML 7 1 EOAIE RO TR, 5E0ARE b50%L LS v ORERMMBETH - 72,
EFHOE vOLEFRIEIBAAFRICKEL Tz, XRIMBPOLEFEDH b, BERIZOWV
THBO~150%28, V) D0 THT0~125% 4 Y OEFIHITL Tz, v OERRINEEN
WEERENS TH 150mgNem=2-d~!, MEEHETH 00mgN m3-d ' Tholzs —H, b ¥
@&DK%Tﬂ%ﬁﬁﬁ%%<t%%ﬁ,ﬁ%ka%@K%T@%wm%ﬁbﬁwféﬂfw
ch

EEHOr—2s72@E2 L (8 HUA~9ALIA), v DAEBECEBITT 2ESIEL L2,
FRTLERDHAEHEDN S * 7 v 7L TV,

Ly OMERRE, ©yORTFROMINER, RUET~To—REEFOHFEOHMMERE -
DIN AHEOMIZ 3 EELRBRSE sz, $2 DIN AFRUT TR ey 2L ET 3 RIBE
FroREELWRLCHEERCEELI B2, FnLETREY2hLETEREITAFER
WEFREFRCERM T2, RUAREIENT 2106y, —REEFCERET2EHE8ET T
3T ENmAn,

b DEEFEREDOHEGCKETIREORIEEE LH, 7H24H»S IHI3E £ TOEEHE R
88g-m~*ed ' TH ol L VORFEROF Y, L > THETFESYOLEREDS LA E LEF
MEREVMETL RS, IRLHDKETIIMEIC X 2 MERMNERTH o b
AR, Y EDERROLREERL DEET 2BEERYE, RNOREREC LY FE
EhTwibt#E21607:, DON i3, COKEATLRAKPOBELD bHALL, BRHERR
MAREZTE-> Tz,

EYOEREEEREST2.2%, EWTLI%TH-7:, 2EYMETOER ) v OEEERR
FNENLAY%, 0.25%TH 7z, BrATHEZINTVS g m 2 OEEFROES, €%+ Y
YOREREETAZN 428 m 2, 08gm 2k o, EBEHE BT -EOMOIY L5 VB
LZOBRUEAZ L H 2 o, BTFOLERIB, RERONN%EED TV, HFHO
BRRV) yERBRAINFAEEDL. W% RU0.35% T, BEFROBLEVABROBFIZE
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HHERCK - T HES

EEANTERZRY) »BEZ2hZH LImgN-m 2R ¥ 0.34mgP-m—32TH > 72,
BEAREORABHEDO T TR, LyEMINIBERIRATIERCIRKELTSED, £

VIEK~E e SR I D RBERERI A L LTY, B0 7 S BREO TV — ARICHRER

FEIELTHC LT, BOERREENETAREFER LTI EEZ LN,

5 B X &

HL B BT -AmEHER DIFETE (198D - HAKRB B3 2 KEEGH K74 74 4
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1I—7 By BPESoAELTE & 7 F 0 ESNEER CHESN
Spawning Migration and Ovulation of Crucian Carp (Carassius spp.)
and Water Temperature Fluctuation in the Littoral Zone of

Lake Kasumigaura

BHE
Seiichi KASUGA!
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HEOHE + i BH 27 F0RBERSOERE LT, BAAKRITOETEY, B
THECIOH > TR I kB S, 21T, MO, #BESTOAEOERE R
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Abstract

In recent years, yearly fisheries’ catch of crucian carp (Carassius spp.) has become
only one-third of the highest fish catch in Lake Kasumigaura. The spawning migration
called “Nokkomi” of a large number of fish had occurred in the littoral zone or in small
ditches around the lake every spring, But, in recent years, the “Nokkomi” phenomena
is rarely observed in the lake. And in summer time, fish with matured large eggs in the
ovary were frequently detectable. These facts suggest that the fish have been inhibited
as to normal spawning in the lake in recent times.

To detect the inhibition of spawning of the crucian carp, collections of the fish by a
trap net set up in the littoral zone of the lake were carried out for two months, in May
to June, 1984. Water temperature at the littoral and pelagic zone of the lake was
recorded by thermographs. Migration of a large number of fish did not detect by the
trap net in the experimental period. Fluctuation of water temperature in the littoral

1. ENTAEwser SoEREE 7300 kSR AEITSHEE/NEF16% 2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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zone was larger than in pelagic zone. And the largest diurnal fluctuation of water
temperature was 8.3°C at the littoral zone.

It has been known that ovulation of the goldfish {Carassius auratus) was stimulated
by water temperature elevation from 13°C to 20°C (Yamamoto ef al., 1966} . In this
study, the effects of water temperature fluctuation on the ovulation of the gynogenetic
crucian carp (Carassius auratus langsdorfi) were clarified. The ovulation of the fish was
completely inhibited by rearing under constant water temperature of 12°C and was
induced by water temperature elevation of more than 6°C from 12°C.

In recent years, concrete banks were constructed almost all around the lake, and
shoals and small ditches have disappeared. And spacial and chronological water
temperature distributions may become too small for the crucian carps to migrate into
spawning beds and to induce ovulation in Lake Kasumigaura.
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fEoAA~EBESR TV 2 S EREATEL (B, 1981 &H, 1984), LaL, HIRNO
SRAEECETCEROATE, £ 0ERSEHECHELHED THL W I L 2%,
BrHOREOAERERCEL» S A EBRBERLD I b, B 7 FHREZORDI #E
L<HZ3, CoRPERZEN TN -T, RO OREARR L BHEFELBITHS
iz [F-iAs (BIED) ] Baonltoizlt, T~8ATLRERERFOMEMEEN LI
Liaehsd 2k (E, B8 ¥, BIRTO7 FOoBERTEHCRENEL T2 TSN E
Z e, S
—}, 7TOEROLEDICEC 2rOFERLETHEH, F & a2flion EBEENER
o, RINCEARBOZLERZHE e LARTER» ORIV E v HESBETH D Z EHHHS
mzERTEY (LES, 1966) sEFEOB y HHAEEC LI 2ERIBE L 2HRAKESRD
Zefeas, 7 @EBEREENRSEL Y OTHCEERSZ T3 HEEERE L O THRE
T2,

2 BWEE

2.1 HAOKEBESHARE

1984 4 H28R X AE 6 HISA T, BrHEGICE2BEEHOBAKMKL, St. 1), X
BEREEEBN LR L D WS 150m i H 2 B SRR RS ACE (B 1, St.
2), RUBHEBHZRI ] km tBECRBah i/ UEBRER OoFFER(EL, St.3)
D3IBFETA T HBREDRERGHPE S, KBOBERIE T B/, SHADKER St. 1 43
76 m, St. 2 55% 1.om, St. 347 0.3m TH o7, ERLEBEEIE S 1 LTSt 2 2KET# 0.

— 128 —




B Wi s 0KRES L 7 F OEIREE R U R

B 1 BrEOHE
St. 1, 2, 3 CAROEFERENTONA, £7:5t. 3CRER L 2BESBEVTL
iz,

Fig. 1 A map of Lake Kasumigaura,
Water temperatures were recorded at St. 1, 2, 3, and the Hariami trap net
was set in the littoral zone, St. 3.
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Fig. 2 Diurnal water temperature fluctuation in the pelagic (St. 1 and 2) and
littoral (St. 3) zone of Lake Kasumigaura
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Fig. 3 Distribution of diurnal variation of water temperature at the pelagic (St. 1
and 2) and the littoral (St. 3) zone of Lake Kasumigaura
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Fig. 5 Relations of daily maximum and minimum water temperature between St,
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Fig. 6 Correlations between the diurnal variations of water temperature in the
littoral zone (St. 3, Tpox— Tmin) and the differences in the maximum water
temperatures between the littoral and pelagic zone (5t. 3 Thax—5t. 1 Thax)
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Fig. 7 Diurnal fluctuation of the maximum and the minimum water temperatre,
diurnal differences of water temperature, daily catch of crucian carp by the
Hariami trap net in the littoral zone (St. 3), and the gonadsomatic indices
(GSI) of the female crucian carps
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Fig. 8 Distribution of the condition factors of the crucian carps
examined with the treatment of water temperature elevation
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Fig. 10 Comparison of the annual fluctuation of the crucian carp catch
per unit area between Lakes Kasumigaura and Kitaura
Data originating from Ibaraki agriculture, forestry and fisheries
statistics,
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Fluctuation and Sedimental Buffering of the pH 4.8 Alkalinity

in Lake Kasumigaura

AEEm - mIES - Al B!
Takayoshi KAWAI' Masataka NISHIKAWA! and Akira OTSUKI
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Bizmlilkc L 3HFRTHFs A T3, FHC LD TRERRL D LEVERRS A,
fil, ERZEETERANLHEBOHRTH S Z LaVRANS, EREEICNT 5 ENR
FRfcRiBrArEFELEVWEITH S,

Abstract .
Fluctuation of the pH 4.8 alkalinity was estimated and analyzed for 3 years in a
limnological survey of Lake Kasumigaura in Japan. Discrepancy in the ion balance of
cations and anions measured were thought to be approximated to the pH 4.8
alkalinity. The maximum alkalinity of all sampling points in Lake Kasumigaura were
1.1to 1.2 meq/{, where chlorinity varied from 0.25 meq/! near the river mouth to 1.8
meq/ ! near the exit of the lake. The minimum values in the lake showed a good lincar
relation to the clolinity. These suggested that maximum alkalinity is determined by
sedimental buffering and the minimum by diluti on with river water. Lowered
deviation of some measured alkalinity out of the minimum dilution line was observed,
which was larger near the river mouth. It was attributed to acidification by generated
nitric acid in the lake or basin. Phytoplankton blooming or high témperature did not

1. EAEHRAT SHEEME 7305 XA EE S MBI 1165 2
Chemistry and Physics Devision, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 303, Japan.
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