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Abstract: The field survey conducted at Lake Biwa showed that the vegetation area of sub-
merged macrophytes increased by 15% in North Lake in 2002, 73% in South Lake and
36% overall in comparison with that of 1997. During the growth period of the submerged
macrophytes in 2002, the water level of Lake Biwa was 50 cm lower than in 1997, and the
vertical distribution of vegetation area of submerged macropytes also shifted 50 cm deeper.
In South Lake, in addition to the shift of vegetation area, the area size at the same water
level significantly expanded. Increased light availability due to decreased water level
expanded the vegetation area of the submerged macrophytes during the growth period.
There are signs of positive feedback that the clarity of water transparency becomes better
as the number of submerged macrophytes increases.

Key words: Lake Biwa, light, positive feedback, submerged macrophytes, water level fluctua-
tions
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Fig. 1. Location of study sites. O: Site for measuring spatial distribu-
tion of submerged macrophytes zone. @: Site for detailed study on
response to water level changes.
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Fig. 2. Yearly changes in the water level of Lake Biwa from 1997 to 2003.
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Fig. 3. Distribution and coverage of submerged macro-
phytes in 1997. A to F indicate locations where
submerged macrophytes are found in large clusters.
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phytes in 2002. A to F indicate locations where
submerged macrophytes are found in large clusters.
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Table 1. Changes in vegetation area in 1997 and 2002.
Coverage (ha) 2002 Surface area

Year 1997 2002 1997 (ha)
North 3,001 3,461
Lake (4.9)* (5.6) 1.15 61,300
South 1,699 2,936
Lake (29.3) (50.6) 1.73 5,800
Lake 4,700 6,397
Biwa (7.0) (9.5) 1.36 67,100

* Figures in parenthesis shows the percentage in Lake Biwa.
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Fig. 5. Change in area occupied by submerged macro-
phytes. Data was adopted from Hamabata and
Kobayashi (2002) for 2000, Otsuka (2002) for 2001,
and Japan Water Agency for 1997 and 2002.

1,699 ha D7} 4,700 ha, 2002 4£12i24ki# 3,461 ha, FFih
2,936ha®§16,397ha THh o 2. BiH OMERE ¥
58km®) Xkl (#613km™) @ 1,10 12572 % 7S,
KESEEEOERIE, EE T 1 20 Eico
T, HMEED 50% L EE 5D Tz, 2002 £ DB IEE
FEIZ 1997 FE L <5 &, LT 15%, BE#T73%,
BB TI6%BEMLTBY, FICHHTOHEMIEL
v (Table 1).
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(Fig.6). FHICBIT A E A EOSMEFEIZB.S.L.0
~—8mTHY, Kl #BS. L. —2~—6m DFHIC
Hot (Fig.7).
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EEETL, BSL —4.5m~—10.0m DYV - Tit&
TOBESTHEERE ML, 2oL, dbiMlics
T ARKERE L, HREEFEOWINEFv22, 50cm
BETAHANEE L T/ (Fig o).
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(Figs.8 & 9).
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2 T/2AS, 7 F 5 F Elodea nuttallii, . 0N/ & =
> % Potamogeton leptocephalus, * 7 71 5 ¥ & Egeria densa,
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Fig. 6. Area occupied by submerged macrophytes at vari-
ous elevations in North Lake.
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Ottelia alismoides, X F %€ Potamogeton oxyphyllus, /> T

T £ & Cabomba caroliniana X FEEL E N2 { & - 72
(Fig. 8).

BB TIE, HEROES, HBEXKEOE G,
FHHEEDONTIUIBWTd Y = VE, JUE, 44
B FFE, <V F Coratophyllum demersum 738 \ME % R
L7z, & %F 7% EE, bl & FAkCEREROEE
EHBXEOEEIIBVELRTD, FHHE TIHEY
fE% R L7, 2002 1% 1997 42 & b5 & BEE AR DT
L Twa7-%, HRUEOH &L HEXEOE &34
REICE (oo TV A AS, 1997 £ & 5B & 2002 R4
&, v vE (WHEAROEELKR), avF4E
Vallisneria denseserrulata, 21 7 F % €, * U L F
Vallisneria asiantica var biwaensis, > % ¥ 7 & Chara brau-
nit, A/NTE, NITOEED, HRAUKOHE S, HIRX
BEOEE, FHREOWTIICBW TR LTEY,
IEERERINL (-7 (Fig9).
BESRIOHIBERE EREREFOHIRERE

HEMICEE T 2RENL7THE (Rv=VE, Z0%F,

Fig. 7. Area occupied by submerged macrophytes at vari-
ous elevations in South Lake.

Iy HAE, A4 HFITE, YR E Potamogeton
biwaensis, % V&, Y /3NE Potamogeton malaianus)
DEBERZHBBANY -V EEERNENOHIREE +,
2002 FICER L AL OREHR TR LA (Fig 10).
HEAEEHOE &, HEXKEOZHEGEDIIHEVE =V
Ly uElR, EEFOLBEE, KENEROBIHE
L, EHEXEOMBEE LRKEOSHERL T
BY, LAKEHIFEE L TWAeRHICblzo T/ L
TWwWAZ EHDbH» 2% (Mann-Whitney U test P>0.01).
FRUSH L T HFFEE, KEPROBITCRE 72
A (P<0.01), AV LVEREESWIR-> 0%/ (P
<0.01) #RL72. 7, AVLELIVHTLELYH
SNEFERABIC (P<0.01), ¥R Y BREKBUE
7254 (P<0.01) %/RL7-.
KEEZEINDITE ‘
1999~2003 £ D4 11 AL E D 3 fll# (No.
41, 47, 60) TEMLAFEHERICD ETX, hkiEY
BEORERFAES EHAEH I TO 2 » ABOFHKEL
EDOBRE B L (Fig 11). TKEYEE L, HIER
FESMEIZBWT, MECHERIZES &S MM O%EH
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Fig. 8. Dominance of species occurring in North Lake. The spe-
cles is arranged in descending order of the proportion of
occurring quadrat in Lake Biwa (2002).

H. v.: Hydrilla verticillata, P ma.: Potamogeton maackianus,

M. s.:. Myriovphyllum spicatum, N. m.. Najas mavina,

P p.: Potamogeton perfoliatus, P a.. Potamogeton anguillanus,

E. n.: Elodea nuttallii, C. d.: Ceratophyllum demersum,

V. a.: Vallisneria asiantica, P L: Potamogeton leptocephalus,

V. d.: Vallisneria denseserrulata, P ml.: Potamogeton malaianus,
B b: Potamogeton biwaensis, E. d: Egeria densa,

N h.: Nitella hyalina, C. b.: Chara braunii, N. o.. Najas oguraensis,
P oc.: Potamogeton octandrus, S. L: Schoenoplectus lineolatus,

C. co.: Chara covallina, N, r.: Nitella rigida, N. g: Nitella gracillima,
P c.: Potamogeton crispus, O. a.: Ottelia alismoides,

P ox.: Potamogeton oxyphyllus, C. ca.: Cabomba caroliniana.

PEENHLHHTE ENLEANTD SN, EBAK i, LBTOEE Y -V, BEEBEIEAENLT
RI3FEL RV, ABEBFTTO2 7 AEOFEKR AIEHEEBHLPIIEZ o TWALIEERL TV,
W& RIGEFOHET L (Spearman’s correlation coefficient
by rank test) DH B EILRD SN D o 7207 (rs=0. 38, = =
Z=1.41, P=0.16), REB I TD 2 » A B OFHKIAL .

DEENH HRBEMIE L 2R EEREEOBELR(LIFE KB EFEERR

B BNz, FRIC 2003 4RI 2002 2 HART, BRERRE WKESORRIIEEL G2 2REERIEATH S
B ER L CTw5 (Mann-Whitney U test P<0.05) 2 & A, KA, FEARKIETEMERICE S 725 BiEies, Bk
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Fig.9. Dominance of species occurring in South Lake. The species
is arranged in descending order of the proportion of occurring

quadrat in Lake Biwa (2002).

abbreviations.
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See Fig. 8 for species name
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ETD2 » AHOFHKMOEENIICE L T, EFRE
EEdlETICBEI LT, L2 o, dbiloitkiE
YIBEE DSRED AL, KEBOREL ) FTEMLL
bDEEZLNS.

—7%, B OBrSELZLNLLUEI, 20
HERBEISEML TV, 20 L) RBERREENO 2
B AL, WFTO3ODERSEZ NS,

ELICAFTHMOEETH L. BEMOKMIIENS
$, KHBEDOZVWEIIHEAM L 20, BEICX 5 EF
LR VEEZR L EKITEERMIZRES Z ED% W, &
DIz, KREAMET 5 & ERBERDIRANEY O R
D BRI N EIEPEL 25, LKEYORKEGFE
i, EFHEOES IZHHFIT S (Gafny & Gasith 1999)
728, HEIZ2002 i, ARAETICE S %) EFHBOE
ROVBEABROBMCIES Lb0LEILNS.

212, BEMNLKMOKTALAKER D 20— &K
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Fig. 10. Frequency distribution of each species by elevation and grain size of bottom sediment in North
Lake in 2002. See Fig. 8 for species name abbreviations. N: Number of quadrat. 1~5: Cover degree

of quadrat.
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Table 2. Average coverage of each species found in new
sites in 2002. Number of quadrat: North Lake 345,
South Lake 329.
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Lower growth limit

Average water level during
the growth period (B.S.L.m)

1999 2000 2001 2002 2003
Year

Fig. 11. Relation between the lower elevation limit of dis-
tribution of submerged macrophytes and the average
water level during the growth period (early September
to early November).

Abhb.

8312, WAKESEMOIED 7 14— K5y 7 (Stein-
man et al. 2002) ER LIZ Lo 2T iETH 5. BEH
DKME T, KFAEORMLLATHEROLERE b7-
5L, IWKEYORRDIEES XL CEF U2 BHTO®
EOMWME B CTAKEYWOREEZEMS S, bk
WHEEOREL, EKRPOSOBBRTOEE L) %
HEIL T, AFEME L KEICHIFT 5 (James ef al.
2001; Scheffer ef al. 2001; #E35% 2003) & & 12, A
BT AR TRSOLEYRESES. /2, 7TLoxs
PEHO B AtEWE A ER L2 (hFHIEH, 1998 ;
Nakai ef al. 1999) FFEELFEETH2 LT, Y77~
P UOMBERIHT AL L, BEZNATLRIRE
DEERIZD DD, EHICHAKERIAE L TWBENY
T T OEEYOSR, WILRSEREE LT, 2B
N2 URERTHYHEICEN ST TEORRERET
(e 2003). 2O L) ICILAKEMOEE L L UEWH

HEMERZE L TREEFIHES&GCHEFSINDL L),

WAKEMIEIINDED 7 1 — KNy 7 EE LD Tw»
A2b0LEZOLND,
EHORREEREEICHZAED Y TIZL ) RIEIZ 25
TW35, B.S L —2m BLNRICZ S L0 A B
W oTnhlD, TOXIBAHZALILEEHE
DEFD, KB OEBTHE L KIEICHEMEE-b0
LEZOLNS,

KEETFTTHEML -8

AR T, SNFTHITFICE EDdh o 2 fiE
BELTOBHONRFHELED, HlztEsTHbE L
Fa., COEIICLTEREINTH L RBICETLT
WhELREE, suE, BV VE, AFABFIE, <

—&— Traverse line 41 Species Coverage ( % )

—&— Traverse line 47

—&— Traverse line 60 North Lake South Lake
Hydrilla verticillata 6.8 24.4
Potamogeton maackianus 7.6 19.9
Egeria densa 0.1 12.3
Ceratophyllum demersum 0 11.3
Najas marina 3.5 0
Elodea nuttallii 2.4 0

VE, AINTFTELRETHo72 (Table2).
trovEEZUERE, EHIEBNRAROREER
EETALETHY, BAKBTORAKIETHEET S

(Fig. 10). W h o b ILENELE TH EOHTRE
RERT (SRFEE) 2o, BRABEEoMmEIZW
LR o CCHEIMEEL2bDEEZLNE,

FAAhF YR, BRTIIERSZTLIPEFT L2 WA
DYNBIZL > THRENISAEILARLTEY (AF
1994), BEIREDATE V. =V T, BE L 2 VwEESE
KW T H7-0BFOHHPNSVETHL, £z,
WTFNDEFRENICBRAETHEI LPALNTVES
(F4EF 1994 ; Lougheed ef al. 2001). # O X 9 )
WEOEE L L CTRPEET 2l TOWMEDOHEIMICE
SL7bnbkEZOND,

ANTEZ T EEDRKEDTH L. 1 FEEDEDS
i, FrABTHRICERLPICBALTCEET 584
FZTTHY, ANTEDEMIED L) ZERYRE
WEabDeEZONE., BEBHMICATT 5 1EEEY
%, 4 NZ EDIEPITE A M) 7 E Najas oguraensis ° X
R FANahd b, FF MYF TR, 1835 EELFERIC
EMARD SN LD, IXFANTIIZONTE, bed
EOBFEEINSVIDEIIAETH S (Figs. 8 & 9).
KREET TR L L5

WAKES I AKRPTEET 2720, HERITELL, 7
F 7 IO FEL 2\ EREYREEAIKHISEIE LT
ELLTWD (BEF 1994). ZO-OKMKTOEEL
& AEBER LML HEE T A VEF— DA, dhkiE
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b %) WETHELRBL VPR INEL, aAF5E
(A, ®#h), =€ (G, m#), 2T LE (FE#H) <
Hotz. AVLEEEEY MIORAKERTHY, EIC
KBTI L Z2EEOREVEKIZICEET S, EilT
i3, KR TREOBEREIANVF—OBAICLIEEALR
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LEEBILIY, BT AERNIFRS N Fig9). L
L, AV UEERL &) CEKBEIFLT VRIS,
BAERBRO LN L o7 (Figs. 8 &9). FiLid, 4
INEDS, KR TG U CTEARIIC 220 BHELZ L T
5 (Kadono 1984) Z EAFEHELTWAEEZLNLA,
B, BHTRMMERRASNI AT LVER, Tk
SEMHESETHEMLTBY (Figs), &f& LTIRE
ZLHAOFEIRO LN,

AT, BATCE o Tl HFAAEOm L2 LT,
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PHIFTN T AR, BEEFICBVTD LATRRNI
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& 21%, EIRTAIEE (KB 1966) LEY—2
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7 1965 ; Kunii 1984 ; &5 1996) 1%, T &2 2%
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(Figs.8 & 9) 12 5.
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