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Abstract : In summer of 1997, submerged macrophytes were investigated in 6,354
quadrats {10 mX2 m) along 104 transects covering the whole littoral zone of Lake
Biwa by SCUBA diving to obtain a quantitative view of species composition and
horizontal and vertical distributions of respective species. Twenty three species were
found in this survey. The species with a high frequency were Potamogeton maackianus,
Hydrilla verticillala and Elodea nuttallii. The vegetation was classified into four types
by cluster analysis using values of similarity index among all transects. Four types

_ were as follows : west and north (N1}, north-east {N2), south-east (N3) in Northern

Basin, and Southern-Basin (S}. N2 type had the largest vegetational cover, cover
layer, number of species and diversity index, and N1 type the smallest number of

_ species. Applying the principal component analysis for Northern and Southern Basins,

the richness of vegetation could be reasonably ordinated by the first principal compo-
nent. The groups of species growing in different environmental conditions (wave

energy, water depth, transparency and grain size) were also 1nte1 preted by the second

and third principal components.

Scatter diagrams for water depth and grain size of submerged macrophyte species
showed the characteristic of habitat conditions in each basin, indicating higher habitat
diversity in Northern Basin than in Southern Basin. Differences in vertical distubution
patterns of some species between the basins were discussed in relation to the growth
form, interspecific competition and environmental change (eutrophication, etc.).
Influence of water level fluctuation on submerged macrophyte species was also discus-

~sed in the context of a possible low-water level {B.S. L —1.5m) in the Lake Biwa

Development Project.

Key words : fluctuation of lake water level, habitat condition, Lake Biwa, submerged
macrophyte, vegetation type
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Fig.1. Location of study area 1-105 (93 absent for the shore protection works), bathymetric map and wind rose
in Lake Biwa.. Each bar on the shore 'shqw a transect line for the vegetation survey.
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Fig. 2. Seasonal -changes in the daily mean precipita-
tion in Lake Biwa Basin and water level in Lake
Biwa (B.S.L.) from 19%4 to 1997.

To) RIEMECHR U @R HERE CL (=Za/V) &
U, SEMEOSEREOEL L. L, %
HE L X IED/YT Y FRKE R DT, BHIE0
%R OWTOBRREL, 0%BM TR E LR,

R

AR O HREE
AFECHRIBEERR L 2. ORI
HIRKER R U EEOME S OFEf Y Fig. 3 R,
INGREBOBERERT HOTHY, L OERER
RS AREREHEL Tw2 EFELONDH, 4T
5k EONRERRERY — 7 pRE I, &
LEERERERECHL-OBIFML I EFLS
ha, flEsor, =Tk 7 oEed104fEG, 103
PR TR SN, KoTRY*/ 79E, a4 5%,
AAHFSE (Bgeria densa), 23 Y 9T (P
anguillanus), 3PV E, ©VE, $HNE, Eun/ ¥
v=vE (P. leplocephalus), 39 H A% (Vallisneria
densesérmlat{q) OB {, Ths i EoRRT



10 | HAAERETS 1(1), 1998

" Frequency/transects (%)

Frequency/quadrats (%)

Total coverage (¥) .

0 20 40 60 80 100 0 2 40 60 80 100 0 10 20 10 4
T T T U T T T T T T T T

Pma 1103 Pma 1 ]
Hv 1103 o = I ,

Y ——— | Ms i — = <Y ——

7] e——— En Pa[— .

Ed 171 [} e—| vd (3

Pa ] Pa [ Ed (3

)] —— Ed [ Pm [0

[ ] e—] | — Cd [}

Pm 63 P1 Wi -

Pl —————15% vd [—1 Pp ]

VP — " 152 Fo [ PI O]

43 Pm 3 Hs

Pl — 41 Vb 7] N[O

Pe— 125 Pb ] Pl

Pb 14 Ce G

Co 110 Pc Nh

cth )8 No No

No 05 Nh b

Nh 05 Cb P .
sl 04 Pes Pec ()
ox 3 F G
Eoc %3' (a) Pox ()] Fox

0afl2 0Oa Da

Fig.3. Sequence of species in descending order of % frequency, in (a) number of transects (n=104), (b
number of quadrats (#=>5,754) and (c) total coverage. The codes correspond to species in Table 3.
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Fig.4. Distribution of submerged macrophyte species in Lake Biwa.
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B.S.L. ~5m), wave energy (H*T where H, wave height ; T, period), transparency (T¥), vegetation
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‘ Tablel. Dominant species of each vegetation type. Mean of percentagé
| ' occurrence in the quadrats along each transect are shown.

Vegetation type: NI N2 N3 S
Northern Basin Southern
Main region: WSt North-  South- Basin
Dominant species North  east gast
Potamogeton maackianus 23.1 17,2 - 27.2% 25.1*
Hydrilla verticillata 19.1 19.1* 27.0 15.9
Elodea nuttallii 23.9* 4.9 11.0
Myriophylium spicatum 11.0- 10.3 9.1 13.6
Ceratophyllum demersum , ‘ 19.8
Potamogeton anguillanus 7.2 10.3 5.6
Najas maring ) 6.2
Potamogeton leptocephalus 7.3
Vallisneria denseserrilata 4.4
Potamogeton perfoliatus 6.8
Vallisneria biwaensis 5.3 - 3.8
| ‘No. of transects 21 20 41 16

Species amounted to 80% accumulated frequency are shown. 3, the

first

occurrence ; underline, species amounted to 50% accumulated frequency.
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® b i b b E c
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= b ‘E -8
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Vegetation type Vegetation type Vegetation type Vegetation type
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. b ’
8 . . { ¢ of _T a { ©a ,
N =15k A w0 { { -5 { P
{ : { ; 5
. 5 v
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N1 - N2 N3 ‘S N1 - N2 N3 S5 N1 N2 N3 - 8 © . Nt N2 N3 ]
Vegetation type Vegetation type Vegetation iype Vegetation type

Fig.8. Mean=+SD of land form (L/h), wave energy (H*T), transparency (7¥), vegetation depth
(hras), grain size (¢.), percentage of vegetational cover (V), cover layer (CL), number of species
(85) and diversity index (2"") in each vegetation type. Different letters indicate significant at »=0.05.
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(X)) B3P VEOHERELEL, KNOABIC ¢

Table 2. Effectiveness of the 1st to 4th components
in the principal component analysis of the correla-
tion matrix for 20(ND and 24(S) factors in 3,803
(ND-and 1,951 (8) quadrats.

Principal ~ Eigen - Proportion Cumulat‘lve
proportion
component  value (%) %)
0
Northers Basin (N) :
PC1 4.069 14.0 14.0
PC2 1.999 6.9 20.9
PC3 1.805 6.2 27.1
PC4 1.548 5.3 32.5.
Southern Basin (S) :
PC1 3.107 . 12.9 12.9
PC2 - 2.140 8.9 21.9
PC3 1.663 6.9 28.8
PC4 1.476 6.2 34.9
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Fig.9. Scatter diagram for 29 (Northern Basin) and 24 ‘(Southern Basin) factors ordinated by the 1st - 4th
components obtained by the principal component analysis. g, relative light intensity Clog)}; %=, shields
- number (log) ; ¢, grain size; V, vegetational cover: CL, cover layer ; S, number of species; other codes, -
_species in Table 3. The codes with factor loading from —0.3 to 0.3 are blanked. .

JEHE RO AN S 1 2 LR RBL TO B,

E B
SEKEAOTIR L B

FEPETRIFERED LR 28, ETED 7 B21E0R
2358 % FEZE L 72 (Table 3) . 19864E~19894E D FE T iy
(19912, b) WF20WERERELTH Y, FFEFZREM
%, 25RI00EMEMERECHREESRZINY TV E
(Cemtophy!!z-am demersum var. quadrispinum) (5
#43) BB L, BEBEWTCERL TV 5 HkiEY
HosEErFERX NS, JOFE, yrRrE, AVV

TOEBYEEREL, 2y 75T, FAHFFE, NS

DEE, AFTVEOHREOEEATD, &2, T
AYTVERBESEESATeS (BT 1994), 268
D5 BEFETE, Fhick kg4 BEML, v

SIEEAPATTIRAAREMELS, YFFEXE

vovE (E), TAUSYE, AL THE (M

 brasiliense) D 3TBIITER T 2 L e 5T o7, A

7H ROV TREERRAFMNPH SR S»wI k
Me, AOLRCHATEREErofe ZEN—HEF LS
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Ihi CERBEHTRES Wi KR IETET, £
D> H1IESISSELBEERANTB LT, F¥yEZ
(P. denta;zté), 74 /43 es i (P malainoides |
HEEY) BT TCIERBLEEELOSR TS (XIB
197D, INV =Y EL BB CRE L EELShTY
Tedt (EIE 1971), R &S wHEERasKE, 356K
REWMEEHO 3 YVEPY VIV E, ThitEDN/
ITEERESROEAC DS L SR T w3 (BEik 1991
a), &7, 1960RLBIza b5, T4HTFE,
NTuEEDNKREIBHEFTMb B %L,
1960~19704E% 2 B R O E LS 6N b, Lo L,

19804F AR BARE DY ARIBAE i A & B EAbAS <, BRH
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Table 3. List of submerged macrophytes in Lake Biwa. Renewed the list of Hamabata (1991a). The
numbered species indicate estimated present fauna of Lake Biwa.

Reference number 1) 2) 3) 4 5 & 7 8 9 100 1

—

e i

: Year s '62 82 '86
No,  Jepanese Species (code) of oo~ W o~ M o~ ~ '8 % % o
. ‘ survey . 43 65 83 87 :
No.of sites - - 108 67 39 48 18 48 & - 104
'CHARQPHYTA ' '
Characeae
1 22 E Chara brausnii (Cw O
vy P r R Chara sp. O
2 FtATFTARAE Nitella hyalina (Nh). O
RS Nitella sp. O O
SPERMATOPHYTA
. Potamogetonaceae
Bl AYE Potamogeton distinctus O
TAapbia Potamogeton malainoides o .
e Potamogeton nipponicis @] @]
3 RvAiXexz Potamogeton octandrus (Poc) ‘ e . 'O
4 epra~s=tE Potamogeton perfoliatus (Pp) O O O O © o O O @]
S HvrEY Potamogeton dentatus O .
5 W4lx Potamoggton malaianus (Pm) O O O O O O O 0O O
6 =% Potamogeton crispus oy . O O O O O O O O © O .
7 vH¥E Potamogeion oxyphyllns (pox2 O | O . O
§ wv=veE Potamogeton maackianus (Pma) O O 0. O 0 O O O O
9 vFFexwevave P owphyllusX P maackionus : ’ o.'0 ’
W e~/ =vE Potamogeton leptocephalus (P C. 0 O @]
11 v+vahve Potamogeton biwaensis *(Pb) o O O 0 O O O
12 A ¥ H=tE Potamogeton anguillanus 65)) o : o O O O
Na jadaceae
13 4-47= Najas marina (Nm) O O 0O © o O O O
4 A4 yye Najas oguraensis (No) : o - O
I ‘Nujas minor 0O 0 O
oy A : Najas graminea O O
Hydrocharitaceae ’
TFE¥AT 2 Blyxa japonica O
A7F Blyxa ceratosperna O . ] .
15 avHFs=E Vallisneria denseserrilata vd). O O 0O O 0 0 O 0 O
ke UE Vallisneria asiatica O @] O
16 AT LE Vallisneria bitvaensis *(Vb) O 0O O 0 0O ©C O O O
17 7mt Hydrilla verticillata H» O O O O O O O O O . O
18 an+&=E Elodea nuitallii .~ Hk(En) o o0 0o O O O
19 dA4HhrFe Egeria densa #+(Ed) © O O O O O
20 I XAAa Oftelia alismoides Ca) O ' @]
_ Nymphaeaceae
2l nTEEE Cabomba caroliniana #k(Cc) o O O @] O
- Ceratophyllaceae B
22 v Ceratophylium demersum (@) c © O O O @]
23 I~V evE C. demersum var. quadrispium @] O
' Ranunculaceae
A hE ) Renunculus nipponicus var. majr
Haloragaceae _
T E o Myviophyllum verticillatim o ©
24 hY¥EF THE Mysiophylhum spicatum (Ms) o O O © O O O O @]
26 A A THE Myriophyllum brasiliense Hok O @]
Cyperaceae :
26 AR AA Schoenoplectus lineolatus (sD ' ‘ O
Total number of species (37) 6 21 17.13 17 6 20 17 17 - 23

DMaeda 1910 ; 2)Yamaguchi 1943 ; 3)Ikusima ef al. 1962 ; £Ikusima 1966 ; 5)Nagai 1975; 6)Kunii of al 1985; ) Hamabata
1991a ; 8)Hamabata 1991b ; 9)Shiga Pref. Fish, Exp. Stn, 1998 ; 10)Hamabata, unpublished ; 11)this survey. %, Endemic species;
** Exotic species. . "
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Fig.10. Submerged macrophyte species plotted
against water depth (4) and grain size (du).
Each value shows the weighted average with
coverage. @, rosette type; A, erect (broad-leaf)
type; O, erect (linear-leaf) type ; X, Charophyta.
The codes correspond to species in Table 3.
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