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iMEMolRs ol# T}!E FAcuLTy oF SclENcE, KyoTo UNrvERslTy, SERIEs oF BIoLoGy
                Vol. VII, pp. 1-l2, March 1976

            Fifth Repert of the Regular Lircnological

                   Survey ef Lake Biwa (1971)

                       III. Phytoplanktoni)2)

                                   By

                              Syuiti IN,ioRI

               Otsu Hydrobioiogicai Station, Kyoto University

                         (Received November 25, 1973)

    This is the report of the regular limnological survey on the phytoplankton in

Lake Biwa performed in 197I. The methods of collection of plankton samples,
calculation of nurnbeT of each phytoplankter and others follow those of our former

reports (1, 2, 3). The series of reports were edited by the Director of the Station,

Syuiti Mori, and the present part, on the phytoplankton, was arranged especiaily

by Kenichiro Negoro and Masami Nakanishi. The samples were collected by T.
Narita, T. Ueda and A. Kawabata, and other members of the Otsu Kydrobiological
Station have assistecl this survey in many ways.

                   A. List of algae found tftrough this survev;]

    The fbllowing a}gae were {bund in the samples. An abridged name of each
phytoplankton is .cr.lven in parenthesis behind its fuII specific name.

Cyanophyta
     1) Microc2stis aeruginose Kutzing (A(ficr. aerug.)

     2) fufiarocJstis sp. (Micr. sp.)

     3) APhanothece clathrata W. et G. S. West (APh. clath.)

     4) APhanocaPsa elachista W. et G. S. West var. coivflerta W. et G. S. West (APh.

         elach.)

     5) Chroococcus dispersus (Keissler) Lemmermann (Chrooc. dzsP.)

     6) Merismqpedia elegans A. Braun (Merism. eleg.)

 t tt ttttttttt tttttttt ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tt ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt t ttttttttttttttttttttttttttt ttttttttttttttttttt tt t t tttttttttttttttttt

1) Contribution (1'om the Otsu Hydrobio}ogical Station, Kyoto University, No. 217.

2) JIBP-PF Publicat{en, No. 174.
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7)

8)

9)

Oscillatoria tenuis Agardh (Oscil. ten.)

Phormidiztm tenue (Menegh) Gomont (Plzorm.

Anabaena sp. (Anab. sp.)

tell.)

Chrysophyta
    IO) A/felosira sotida Eulenstein (iva/et. sol.)

    1 }) 2VIelosira ?Italica (Ehr.) KGtzing (Mel. 'itat.)

    12) Adielosira granulata (Ehr.) Ralfs (AtleL gran.)

    l3) Melosira sp. (iVfel. sp.)

    l4) SteLPhanodiscers carcortensis Grttnow (StePh. cai-c.)

    15) Atthe)Ja Zachariasi.}. Brun (Atth. Zach.)

    16) Fragilaria crotonensis Kitton (Frag. crot.)

    l7) Asterionellaformosa Hassall (Ast.form.)

    18) S))nedra acus K"tzing (SJ,n. acus)

    19) S]nedra beroliensis Lemmermann (S]n. berol.)

    20) Dinob7ron divergens Imhof (Dinob. div.)

    21) tVfallomonasfastigata Zacharias (Mall.fast.)

    22) Bot7JJococcus Braunii KUtzing (Botr)]. Bi'.)

Pyrrophyta
    23) Ceratiecnz hirundinella (O. F. Mtllier) Schrank (Cer. h

    24) Peridinium sp. (Perid. sp.)

Eug}enophyta
    25) Euglena sp. (Eugl. sp.)

Chiorophyta
lii ,ill,

im.)

Pediastrum Biwae Negoro (Ped. Bzw.)

Pediastrum dmplex Meyen var. cohaereizs Bohlin (Ped. dupt.)
SPhaerecp,stis Schroeteri Chodat (SPhaer. Schr.)

Eudorina elegans Ehr. (Eud. eleg.)

Dict)JosPhaerium pttlchellum Wood (Dict. Pulclt.)

Ooq?Jstis sp. (Oocp,. sp.)

Coelastrum cambricum Archer (Coel. camb.)

Scenedesmus sp. (Scened. sp.)

Hormidiecm sp. (Horm. sp.)

Actinast?-ttm sp. (Actin. sp.)

Staurastrum dorsidenlz:ICTerum W. et G. S. West var. ornatum GrOnbl.

Staurastrum pingue Teiiing (St. Ping.)

Staurastracnz tohoPekaligense Wolle (St. tohop.)

Closterium aciculare Tuffen West var. subpronum XiNr. et G. S. West

t141ougeotia sp. (fVfou.a. sp.)

Sf)irog),ra sp. (Spir. sp.)

(st.

(Cl.

dors.>

aci,c.)
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              B. <2;uantitative comPosition of p]htoplanlcton commanities

                                                                    '
    Tables l and 2 show the results obtained at the main basin (northern basin)
and at the accessory basin (southern basin), respectively. In the talbes a mar}<

"-"  means no specimen was found.

    :I"able 1. Numbers of phytoplankters per m3 of Iake water at Station Ie-l <northern basin).
 .... .. A unit ofnumber corresponds to ten thousand (IO,OOO).

APla elaelt.

2ifel. sol.

StePh. carc.

Malt.fast.

St. dors.

St. toltop.

Ct. acic.

I'ed. Bitv.

OOC7. SP.

O-2m

 2e
  71

  2e

  10

2-Sm

 48

  l4r

  7

l2January,

 5---lOm

   41

    4
    4•

    l}

1971

Io-2em

  18

   4

   8

20-30m

   6
  35

   2

   2

   4

30-tP)Om

   r)

  8
  2

  3

  2
  2

50-70m

   2

   7

  2

  2

   2

APft. elach.

t14el. sol.

StePh. carc.

SLyn. acus

St. dors.

Ct. acic.

Ped. Biw.

A'fet. sot,

StePh. carc.

Ast..fonn.

St. dars.

Ct. acic.

i141et. sot.

StePlt. carc.

Ast.form.

O-2m

 530

 41

 41
  10

2-n-m

170

 34

  7
 14

IO l?ebruary,

 5-10m
    4
   134

    8
    4
    8
    16
    ,l•

197i

IO-20m
   4•

  71

20-30m

  71

   2

   tl

   2

   2

30-50m
  l
 26
  3

  3

   1

50-70m

  13

  9

  2

   I

e-2m 2-5m
 306 177
  20

  IO tll
  ttl

Omu`.J.m 2-i')in

  xFl ltl•

12 Maych,

5-10m
  9S
   4

   t}

   8

l97I

lo-2em

  22
   2

   2
   ,l,

2e-3om
  26

   2

   2

   4

30--50m

  l8

  -,I•)

  3
  IO

so-7em
  55

  2
  2
   1

  C3

16 t's.pril,

5-10m
   4
   4•

   ,l•

1971

 10-20m
    6
    2
    2

20-30m
   il

   8
   L)

30-50m
  1
  1
  2

r)o -7 om

   1

   l

  3
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SIYtl. SCttS

Dinob. dft,.

Cer. hirn.

Peri.d. sP.

St. dors.

Ct. acic.

l, lg,

{1,

E

2}4el. sol.

StefJlt. carc.

Ast..fbrm.

SL))tl. aalts

Cer. Ititirn.

St. dors.

St. toliop.

Ct. acic.

O--2m

 133

  71

2-5m

  27

  34

12

5-IOm

   4•

  41

   8

May, l97i

lO-20m

   t]

  l8

  l2

20-30m

   2
  l4,

   2

   8

3e--som

   2
 '

   6

50--70m

   2

   l

   l

   il,

  10

Chrooc. disP.

Cer. hirn.

St. dors.

Cl. acic.

Dict. pttlch.

O-2m

 133

 l73

 112

2-5m

 95
 68
  27

14June,

5-10m
   4

  41

  32
  32

l971

  10-20m

    l2

    14
    12

2e-3om

  IO

  12

   4

30-50m

   5

   7

   3

se•-7em

   l

   3

   5

   4

StePh. carc.

Cer. hirn.

St. dors.

Cl. aeic.

Ped. Bizv.

Sf}haer. Sch}'.

OoÅë,. sp.

O-2m

1477

 194
  le

2--5m

  7
503

 68

  20

  l4

13 Juiy,

5-IOm

 539
 le9
   4
  20

l971

1O-20m
   ,l,

 171
  37

20-30m
   6
   6
 149
  49

  12
   4

30-50m
   l

  39

  le

   2

se-7om
   l

   l

  49

  14
   l

   1

   3

APIt. etach

2Vel. ital.

1valel. graii.

Cer. hirn.

St. dors.

Cl. acic.

Ped. Bizv.

e-2m
  51

  IO

  IO

  20

3516

 l63

  92

2-5m
 20

 619

   7

  27

l6

5-IOm
   l6

  620

   16

August, 19. 7!

10-20m
    8

    2

    2

  302

    2

    2

20-30m
   6
   2

 169

  47
   `2

30-50m
   2

   1

  68

   1

50-70m
   4

   1

  84

   6
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Coel. camb.
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'g

(i9. 71) I.II

t 2

Mici'. aentg.

Mel. sol.

Mel. ital.

ivalel. .gran.

Steph. carc.

Botry. Br.

Cer, liirn.

St. dox,.

Ct. acic.

Ped. Biiv.

Jt/'ttd. ete.g.

Coet. cantb.

O-2m
  io

  10

  20

  20
8887

 907
  61

  IO
  io

2-5m

2978

 401

  48

16 September,

5-IOm

   4

l713

  178

  32
   2

 l971

IO-20m

   ,l,

 434•

  47
  24
   2

20BOm

 442

  41

  16

30-50m

 110

  l3

   6

SO-70m

   9

   2

   2

  4•3

  24
   2

Apli. elach.

tVIicr. aeri.ig.

i141el. sol.

fufeL itat.

iVfel. gran.

StePlt. c(trc.

Cer. Itirn.

St, dors.

Cl. acic.

Ped. Biw.

E,td. elag.

 O-2m

  2e4
   61

   20

2768e

 2e38
   82

 2-5m

   l4
   l4
   41

24895

  693
  109

l5 October, i971

 5-10m 10-20m

              4

   41 41
              4
    8
   32
             12
l7353 ltl,933

  502 334
   73 41
    8

20-30m
   4

  20

   8
   8
4838
 l51

  29

30-50m

  io

   2

 836

  49
   il-

50-70m

   6

 358

  28

   4

fufel. sot.

iYfel. ital.

iVteg. ,gran•

StePh. carc.

Cer. Itirn.

St. dors.

St. Pin,.a. .

Cl. acic.

Ped. Biw.

OOay. 5P.

  O-2m
    41

    41

    82

l{l•3l83

  8847

   l22

    41

 2-5m
   27

   27

   27

37906

 2012
   27

17 November.

5-10m

23137

  648
   6r>

 1971

IO-20m

    8

12031

   8
  383

   l(l

20-30m
   8

   8
9129

 220

   8

3e-som

   `i'

2177

 159

   4

50 --70m

   8

   Ll•

2iOO

 l59

  l2

5
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.i iph. etach.

ildlel. sol.

A,lel. ital.

StePlt. cat'c'.

Cer. hirn.

St. dors.

Cl. acic.

Ped. I3itv.

Coel. camb.

Ooc),. sp.

 O-2m

   41
  20{1,

   41
   82
,1055i2

 8l54
   41

 2-i m

  27
  54
  ...)4

28552
 1958

  27

  Svttiti l ,{eiki
   i

l6 December, ]971

5-]Om

  32

998l

 697
  16

lO--2Om

   8

g7ee
 644

20-30m

  l6
   8
5831

 375

30-50m

  8

1807

 142

  ,l,

50-70m
  4

  zl'

  4

i762

 90

?rable L). Numbers efphytoplankters per m3 of'lake water at Stations Nb-2, Nb-5 and rs4Ta-8
(southern basin). A unlt ofnumber correspends to ten thousand (10,eOe).

flph. etttclt.

k}xfel. sol.

Adel. ital.

Atlet. s/).

StePlt. ca rc.

.,ist.for'm.

S),n. acus

DinDb. div.

St. dors.

Ct. acic.

Mtottg. sp.

13 January, 1971

Nb-2 Nb-5

  31

  8
  79
  5f)

  8

IsiTa-3

  8

 47

 31
 24

 3I

l
i   12 February,

Nb-2 Nb-5

l-

l971

Na-3

  8
  8
 71

 47
 24•

l   1.5 ltlarch,

Nb-2 Nb-5

  31 ---

   8

  318

  71 l18

1971

Nia-- 3

 31

 31
24S

1)ltortn. ten.

Adel. ital.

tVIel. gi'an.

Ast. fbi'm.

StePh. carc.

Syn. acus

Attli. Zacli.

Fra.g. erot.

Dineb. div.

Cer. Itirn.

St, dors.

Cl. sacic.

IS, Al

Nb-2

  16

   8

 102

  16

  i6
  71

)riE,

Nbrm..r)

  31

  16

  8
  24

 212

l971

Na-B

  8

  8

 24

 24•

 16
 S5

I
   13 May, 1971

Nb--2 N'b-5 Na--3

  31 31 39
  l68
  39 47 24

   8318

  -8  31 l6 31
 236 I26 157

i

i IS June, l971

Nb-2
  31

  63
 353
  16

   8
   8
  81

  31

  24
 369.

Nb-- :-}

  8

  6S

 141

A'a--3

 .55

 24

 31

 16
 55
220
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Met{g. ,ssp.

Eud. eteg.

Ped. Biw.

Ped. dupl.

Horm. sp.

Dict. Pulcli .

Nb-2

  24

Nb-•5 iNa-3

   8
l

l

l
l

Nb-2 Nbrmjr       -1   :N

ilPh. etaclt.

APh. clath.

Merism. el,eg.

tVfier. aerttg.

.ldicr. sp.

Anab. sp.

.tldlel. ital.

tVel. ,gi'an.

A.vt..17ortn.

SJvl. acu"•

Fra.g. e?'ot.

Cet'. Itint.

Ett,gl. sp.

St. ders.

St. Ping.

Ci. acic.

2}do u,g. . sp.

S)bir. sp.

I'ed. Bitg.

Eud. ele..cr.

Ped. duPl.

Sl)haer. Scltr.

Seened. sp.

Ooc)]. sp.

.,{ctilt. SI)•

Dicl. Pttlclt.

Coel. camb.

17gtiSl

'l

618

li

2

         24ii12

   nt11' N

-
,k'

z

lk

/ijg

August,
bti5N

s'

bu

li
i!

l--

1971

ai,,

Li

l,4

l

I
l

Nb-2
  63

  68
  24
   8

iLFI b-5

   8

  16

  39

3IzN

i

i

]

I

l

im,l N

gg

;
 1

ii

i
 2

l' 7

1971

Oscil. ten.

Phornt. ten.

2VIel. .sol.

  14 October,

Nb-2 Nb-5
  Sl

l971

  Na-3
  l8 IN4Tovember,

Nb-2 Nb-5
  94•

 911 lil•76

1971

 Na-3

  816

if1

,k,

]
 4

94I

t

  l7 Decernber,

Nb-2 Nb-5

 157 68

l971

 .TNiTa"'3

   31

   Sl
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iVfel. ital.

IVfet. grall.

StePlt. carc.

,gvn. aclts

Syn. berol.

Fra.g. crot.

St. dors.

St. tolloP.

Ct. acic.

Ped. Biw.

OOCJ,. SP`

E',td. ele.a.

Nb-2
 565
1099

21886

l570

691

Nb-5
 220

 424

  16

23268

19. 31

L) 15

 63
  16

     'i
Na-3 1
     I
 79 ,
 722

   i
-1

36189

l994,

769

 79
l
l

Nb-2
IS82

 345

  63
   31

  126

25246

   31

  628

  126

   3!

NTb-6

 283

 314

  63
47665

2198

 283

  63

  31

Na-3
 l26

 188

i

l

r

2097b-

l319

 126

i
l

Nrb-2

31

  31
I0488

Nb-5
 220

  31
29704

1507 2386

31

Na--3

31

36707

ii23

Fig.

o9

8

7
o

 l

6
o

 1

iii'

).
 'f

gt  .

//

".
 .t

 ir
'A

t

•7}g,hlS

:

i'

tt

,

tt

tsltJli

j

'

- -' L

1y -..'ms

v-

                    4                   lo                      j F M A M J J A S O N D
                               IS71
l. Seasonal change of' the total cell and colony, nurnbers of
   clifferent stations in Lake Biwa.
   --Lt,in : Sta. Ie-1 <iR total ",ater column>
   •4•tx•+i: Sta. Ie-l (in surface layer)

   -o-: Sta. Nb-2 (in surface x•srater>
   --o-: Sta. Nb-5 (in sttrface watet')
   --e-: Sta. Na-3 (in surface water)

pianktonic algae at
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             C. Change in number of cell and colonr of Plv,toPlankton

                         tvith progress of the season

    Change in total numbers of cel}s and colonies of phytoplankton in both total
layer and surface layer (O-5 m depth) of water at Ie--l and in surface water at Nb-2,

Nb-5 and Na-3 are shown in Fig. I. The pattern of seasonal change was princi-
pally similar with each other, that is, the number was maintained aÅí relatively low

leve} (}051m3) during the first half of the year (until May or June), but afterwards

it increased remarkab}y and attained to the level of as high as 108fm3. This great

increase from autumn to winter was caused by the outbreak of primarily, Staurast-

rum dorsidenti:f;erum and secondarily, Closterium aciculare. It has usually been observed

that the number of ceils and co}onies of phytoplankton in Lake Biwa is maintained
at the level of I051m3, so that the propagation rnentioned above is an extraordinary

one. The similar phenornenon was once recortled in l965-66 by NTegoro (1), ancl

Fig. 2.

  't'
100

g o 1

 o
  't'
100

Chrysephytd- :XN
Od

STA' te-1 xt: STA' Nb- 2

Ms
At

ttttu 'Sd/1
ttt

Mg
A f ttt

tt

---"Dif:
Chretephyla- ---li

Ca xxx:
xxt xxxx

rrxxx
:xr

xx::
xxxx

Sd

j F M A M J j A S ON D J F M A Mj j A S O N D

8 o 1

'l/' ixx

ixll,

 xxx

STA, Nb- 5

I
rxxx
 Ex
xxxx

   o     j FM A MJ J A S O N b J F M A M JJ A S O N D
                          1971
Seasonal change in the composition (percentage ef the total gell and colony numbers)
of planktonic algae in surface water or water column at different stations in Lake
Biwa.
Chrysophyta, Ms: Adelosira solida, "'Ig: A4elesira gramttata, "(i: tl(telosira italica, Msp:
2Vfelesira sp., Af:Asterioneitct .formosa, Sa: Svnedra acus, Sc:Stef)ltanodisctts careotiensis, Dd:

DinDbiLJ,on divergens

Chlorophyta, Sd: Staurastrum dorsidettttfenmt, Ca: Ctosteriutn acicutare, Dp: Dictpto-
sPltaeriani pttlcfietlttm, PB:Pediastrum Bitvae, .Msp: Mougeotia sp., Hsp: hormidium sp.

ltttt
ttt.

ttt

STA, Na-3
xxx
xxx
x:x

XXtK
;:xx t//

rxxx
xxx

tttt

tt/t

tt /tt

xxx:
:xr

s' xxx
xxx

x:

.EP,'
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the cause of these outbreal<s is remained unsolved.

    Seasonal changes of composing ratios (percentages) of dominant species in
phytoplankton communities are shown in Fig. 2. It was commonly observed at
all stations that the species belongiBg to Chrysophyta occupied higher percentages

of composition during January to iMarch, but as the season marched, with the in-

crease of Staurastrum dorsidentiferum and Closterium acicutare, the relative abundance

of Chlorophyta was enhanced instead of Chrysophyta. Especiaily after October
S. dorsidentzferum occupied more than 80 O/, at all statioRs. Dominant species of

Chrysophyta at the northern station (Ie-}) was Atfelosira solida, whereas at the south-

ern stations (NTb-2, Nb-5, Na-3) they were composed of many species- S-?nedra actts,

/lsterionella formosa, A4elosira granulala and Dinobrp)on divergens.

    Further examination of seasonal change in number of cells and colonies was

tried with each phylum, which is shown in Fig. 3.
    CyaRophyta: Frequency of appearance was smal} at all stations, but in N,o-
        vember the increase of Phorn?.idium tenue and Oscilatoria tenuis was notice-

        able at the southern three stations.

sooxio5

400

oo3

oo2

g9

o5

iii

-Chtofophyta

va

lxG/e

-.

'k

iii,

20

10

  6XIO

Cyanophyte

Fig. 3.

25

o

 x20

laewaswh

10

06

Chrysophyta

J

  J F M A M J J A S O N D
           IS71
Seasonal change of' the cell ancl co}ony numbers
Cyanophyta, Chrysophyta and Chlorophyta at
Symbols in the figure are the same as in Fig. 1.

FM A MJ j A S
       IS71

of p!anktonic algae
different stations in

OND
belong{ng to
Lake Biwa.
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  Chrysophyta: Seasonal change at Ie-1 was small, whereas it was remarkable
      in the southem stations because of increase of Melosira granulata and A4.

      italica.

  Chlorophyta: Closterium aciculare occupied the major part of the community
      during the first half of the year, but an abnormal increase of Staurastrttm

      dorsidentzferum was observed in the laÅíter half of the year.

  Pyrrophyta: Ceratinni hirundinella was found, though in small number, at all

      statlons.
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