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I INTRODUCTION

There have been many algal studies in Japanese lakes wich

respect to the relationship between water quality and plankton

and its seasonal succession. In contrast with these studies

on planktonic algae, there are few studies in which the plank-

tonic and epilithic or epipelic communities have been followed
),6^fi3q\) 2azA^1a1\

quantitatively at:the same time.

The present work was undertaken to develop methods for
the estimation of planktonic and benthic aLgal communities

in order to analyse population changes for several years at

a number of places in one small lake and also in order to
inVestigate the correlation between Lhree different alga1

types, namely phytoplankton, limnetic benthos and littoral
one. For the purpose of ascertaining the origin of the

limnetic benthos, detailed studies were undertaken at various

collecting stations by distinguishing the live ce11s from the

dead ones, a.method for which is considered to be one of the

characterisEic points in this study.

Culture experiments \rere atternpted to ascertain the

heterotrophic ability Of Fragilar■a pinnata and 二・ pinnata

var.lancettula which were the commonest diatom growing on the

comparatively deeper lake bottom. Less is known of hetero-

trophic capabilities of diatoms, especially the freshwater

forms. Lewin (1953) found that 13 isolates, representing

3 species of the 29 isolates studied, \rere heterotrophic and

she also ascertained that IgJicula pelliculosa can utilize
only glucose as the substrate which supports the growth in the

dark. More recently Lylis and Trainor (I973) determined the
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organic comPounds which support the growth of freshwater

diatoms, and the light conditions under which organic compounds

would support diatom growth.

f,) In the present study, 3o attempE was made to determine

whether F. pinnata and F. pinnata var. lancettula can grow

heterotrophically under dark, utilizing glucose.

The reason for selecting Lake Yunoko as a field of the

algal suudy is that the size of the lake is suitable for
a detailed sEudy and many limnological data are easily
obtained because this lake was selected as a field of I.B.P.

o (1968 LgTz).

●
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II HISTORICAL SKETCHES

llany limnological investigations have been made in Lake

Yunoko. The first paper was written by Miyoshi (1899).

He suggested that Lake Yunoko is rich in plankton and that

the color of its water varies in summer, because a great deal

of Arl"4gr=Jl" gracilljma survive and Cyclotella comta, ,

Syne,dra sp. and IIeloqira sp. are also present.

HaLtori (1899) illustrated a form of Asterionella graci-

llirna which was collected in Lake Yunoko.

Inaba (1932) found fifteen species of plankton in which

7 species of phyEoplankton were contained. The dominant

species are Volticel_la sp., Asterignella gracillima. and

Melosira italica.
UenO (1934)conduCted an investigatiOn of lakes in oku…

Nikko.   In his reports the water color of Lake Yunoko varies

in summer and autumn owing to the appearance of a great deal

of waterbloomo   Main diatom composing the waterbloom iS

Me19sira and a great deal of Aster■ Onelle are alSO present

from 」uly to October.   In his another study(Ueno  1936), he

recognized 18 species of Plankton, 1l species of which are

phytoplankton including 9 species of diatoms, and he insisted

that the waterbloom is formed mainly by Melosira granulata.

In this paper, he also referred to the relationship between

plankton and chemical cOmpOnents of the lakes in Nikko dist―

r1c c.

The standing crop and the distribution of phytoplankton

and of zooplankton in summer season are reported by Furuta
a

(L964) and he observed that the phycoplankron community is

●
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dOminated by Sy■ 91r■ ■qЧ,, 1■a_gilari_. croto■9ns_iS, 単e10Sira

italiCa f. C_■ rva_ta and ,1■ obFy9■ sPo in June 1962 and u,i~

cellula green algae, AsteriO■ 91_1 ,9r■q,■ , SyneO■■ acus, Mel.

italice fo Curvata and Dinobryon spe in August 1962 and the

most abundant biomass is found almost at the central part of

the lake.

Yamaguchi and lchimura (1970)repOrted that the seasonal

changes ■n phytoplankton flora are fa■ rly s■ mple : Aster■ onella

formosa and Fragllar■ a crOtOnensis dominate during the summer,

and Melosira italica in other seasons, and that phytoplankton

is the main primary producer in this lake, being formed in

terms of carbon of several tens of tons per annum, and it is

composed mainly of diatoms accompanied by a sma11 population

of green a1gae.

Aoyama and Kurasawa (1970) investigated the distribution

and the standing crop of phytoplankton and reported that

the number of cells per ml ranged from LO2 to 104 ; the

minimum appears in June and the maximum in December or January.

ilatanabe (197I, 1972) studied the relationship between

the variation of the amount of seston and the rate of depo-

sition. He found that the succession of the dominant phyto-

plankters at surface layer is observed with fluctuation of the

amount of seslon and a sudden reduction of seston afCer phyto-

plankton bloom is caused by sedimentation of seston onto the

lake bottom.

Hashizume (1975) referred Lo the relationship between the

aIgal standing crop and the trophic sLatus of lakes and classi-

fied the phytoplankton in respect to the trophic status of

●
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lakes. He concluded the diatoms are most sensitive Eo

eutrophication. He also pointed out that Lake Yunoko is a

highly eutrophicated lake.
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Itr STUDY AREA AND METHOD

Lake Yunoko is 1478 m above the sea level and situated

aL the eastern base of Mt.Shirane. The surface area is 0.35

o km2 with a maximum depth of I2.5 m and a $/ater volume of 252

x 104 - 272 x 104 m3.

On the north shore of this lake, there are hot spring

hotels which flush the waste of the spa into the lake through

two main drainages and a stream Shiranesar^ra. There are a

sewage work and its drainage at Ehe northwest sorner of the

lake. The westernhalf of the north shore constituLes the

o alluvial fan of the valley between Mt. Maeshirane and Mt.

Konsei. A waterfall, Yudaki, which is the only one outflow

is located at the southernmost tail gf this lake. On the

easL shbre, there is a projection, usagijima. As for the

running-in amount of v/ater as a surface \^Iater, a sma1l stream

Shiranesawa which supplys water only in rainy season and usually

drys upr a few drainages of sewage from Yumoto Town on the

north shore and Lhe Lreated water from the se\4lage works of the
a

town should be considered. The most amount of water (about

90 %) may be taken from the springs distributed on the shore.

The largest spring is located on the northern part of the

west shore. Annual average amounE of outflow is 6.8 x 104. m3

per day and average residence time is considered to be 20

50 days (Tochigi Pref . L97 5) .

Samples for the hori zonLal phytoplankton distribucion

though the sample numbers fluctuated in each season, were

collected at 25 stations and those for the vertical distribution
O

were collected at only one station, st.A (Fig.tr .1 ).

… 6 -
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Samplings for the horizontal distribution were performed in

April, June, August and 0ctober 1976 and in June 1977 whereas

samplings for Ehe vertical distribution \rere carried out in

July, 0ctober and December 1972 and in April, June and August

L976.

Surface water samples of 50 ml or 100 ml were preserved in
formalin. The algae were allowed to settle for more than

2 days before the supernatant preservative was removed by an

aspirator to obtain the proper concentration of a1gal cel1s

and qualitative analyses v/ere made with a microscope.

The studies on the distribution and seasonal succession

of the benthic algae in the limnetic zorle were carried out in
July, October and December 1972 and in April, June, August

and October L976. Samples for the standing crop estimates

r4tere taken along 4 courses A, B, C and D and 4 points E (

9 m deep), F (9.5 m deep), G (8 m deep) and CA where the

observations of the vertical distribution of planktonic and

the benthic aLgal flora were carried out and water analyses

were also carried out. Station CA corresponds to sL.A in

the sampling of phytoplankton. The bottom sediments were

mostly mud (Tab1e Itr.1 ), and,organic sapropel was distributed
widely, but sand also occured, especially in course C.

Chara and Elodea were often observed aL shallow zone above 6 m.

As for the amount of hydrogen sulphide, Matsudaira (1929)

measured 0.08 mg / L at TZ m, while Ueno (Ig34) rep-orteO 0.464'A

mg / L at 11 m. The color of the bottom mud was black to

deep black occasionally with brown or gray thin layer.

The sample numbers of the bottom sediments were occasionally

●
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fluctuated. Nearly intact sediments of 25 "*2 surface area

with approximately 5 mn:thickness were collected with an

Ekman-Berge dredge and were made up to a volume of 400 ml or

less with formalin solution. The diluted sample was shaken

vigorously to disperse the algal cells throughouL the sample.

while the sample was still being mixed,0.1 ml aliquots were

taken and ce11 counts were performed with rnicroscope at a

magnification of 600 x.

The samples in I976 \4rere counted separating dead ce1ls from

live cells judging from their protoplasmic condition and stan-
ding crop was expressed by cell number per 1 rnm2 of surface

of Ehe sediment.

The littoral benthic algae r^rere sampled on 13 differen.t
dates ; March and July L967, March, October and December L968,

September and December 1972, March L973, April, June, August

and October L976 and June 1977. Ordinarily LZ sampling stations
v/ere investigated and at each station.,eamples were collecced

at different distances from the shore in I972, L973 L976 and

1977. The rvater depths of each sanrpling station ranged frorn

6 to 68 cm. A tooth brush was used to scrape 25 "^2 of

attached material from each of 3 separate stones at each

station. The stones were collected at random from the sta-

tion. As for the samples at sL.2 and st.4 epipelic algae

were collected from 25 "^2 of sandy bottom because of the

absence of. the suitable stones except in June L977. The

dislodged algae were washed into a bottle and fixed with formalin

solution. The total number of cells in the sample was

determined by diluting the material in distilled water to

●
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obLain a suitable density for count. The diluted samples

were shaken vigorously and O.{l1iquots were sucked quickly
with a pipette, and the algae r^rere.counued and identified with
microscope. About 500 individuals in each sample were counted

at a magnification of 600 x. In reference to certain filamen-

tous blue-green algae (e.g. Q_sq1l1qtoria and Homoeothrix)

counts were limited to filaments rather than ce1ls.

Ignition loss was also measured in samples of I976.

●
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IV ENVIRONMENTAL FACTORS

Water temperature : The water temperaLure of littoral zone

ranged from 21,6 to about 0'C and the maximum water tempe-

raLure seldom exceeded 20'C throughout a year. As for thal
of the bottom layer, it varied from a low of 2.8'C to a high

of 10.6'C over the studied period. The lake waler showed

stagnation nearly perfectly in June. The thermocline was

found 2 to 3 m below the surface, but its thermal gradient

was not remarkable because of small-sized lake and a great

effluenL of surface water from the Yudaki (Yamaguchi and

Ichimura 1970). The autumnal circulation period perfectly

developed in 0ctober. In winter, the surface froze except

for the hot spring area near st.1 anq other spring welling

portions of the lake (e.g. st.5) and Lhe inverse straLifi-
cation developed under the ice. In early spring there was

a great difference of temperature horizontally, because ther-
mal bar which was the boundary between Lwo different types of

watermass and played the role of a barrier to the horizontal

movement, developed in this season (Horiuchi, et al, 1972).

The vernal circulation period was found at the end of March.

As the horizontal and vertical distributions of temperature

in the lake were strongly affected by valley wind and mountain

bree zes, their differences were quite sma11 except in early

spring.

Transparency : The transparency was measured as 1.4 to 4 m.

It declined at the circulation period and reached its maximum

_ at the beginning of the stagnation period in early summer.
o

pH : The pH valuejs at littoral zone ranged from 6,4 to

●
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8.0. Comparatively low values were observed at st.1 where

hot spring containing sulfur flowed. There were no great

seasonal and horizontal differences among littoral 13 stations.

t' As to the vertical distribution, observed at st.CA, a slight

difference was found synchronizing the fluctuation of the

water temperature, but even when the greatest difference was

observed in August 1976, the difference was only 0.9.

Dissolved oxygen : Dissolved oxygen v/as measured by

Winkler's method in Apri1, June, August and October L976 at

littoral zone and vertically measured at st.CA. It fluctuated
o in Ehe ranges of 7.68 (st.l) - 17.04 (st.10) mg / I in April,

7.60 (st.1) - 10.56 (st.11) mg / I in June,7.46 (st.4)

llr.l2 (st.10) mg / L in August and 5.43 (st.1) - 15.73 (st.10)

mg / I in October at littoral zone. As for the vertical

features, marked decreases with depth were found in stagnaEion

period, June and August which was closely related to Ehe

fluctuation of the water temperature, and the dissolved oxygen

o became almost absent near the bottom. In October the dissolve

oxygen was fairly uniformly distributed.at all the depths.

●
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V PHYTOPLANKTON

V.1. Horizontal distribution
V.1.1. Number of taxa (Table V.1.1 )

{t April, 1976 : Only Bacillariophyta and Chlorophyta were

found, 12 and 4 taxa respectively.

June,1976: One taxon of Cryptophyts, 1 taxon of Baci-

llariophyta and 4 taxa of Chlorophyta appeared.

.,.",o1i":,;,:il,.,,T';::.T'J,;il;::,';"::::":, Baci-

llariophyta and 5 taxa of Chlorophyta.
o October, 1976 : One taxon of Cryptophyta and Chrysophyua

and 3 taxa of Bacillariophyta were observed.

c r y p, l r., . . 

t' 
^' n' o' u : : :.' : T, : :, : I : :. il ::' 

" 
: : 

t 

: 
" 

: : : : 

t 

: ; " 1 
d

Chlorophyta appeared.

Among these algae, Bacillariophyta and Chlorophyta con-

tained many taxa in contrast \^7ith other phy1a. Bacillario-

a phyta markedly fluctuated with month, showing minimum in

June L976 (1 taxon) and maximum in April 1976 (L2 taxa).

Comparing the data obtained by Ueno (1934) reporting 11

taxa, by Furuta (1964> reporting 31 taxa including 2 Eaxa

of Cyanophyta and Dinophyta, 1 taxon of Chrysophyta, 17 taxa

of Bacillariophyta and g taxa of Chlorophyta and by Hashizume

(I975) finding 2I taxa including 1 taxon of Cryptophyta and

ChrysophyLa, 8 taxa of Bacillariophyta and 11 taxa of Chloro-

phyta, more abundant taxa composed of 37 taxa including 1

taxon of Cyanophyta, Euglenophyta and Cryptophyta, 2 taxa of
a

Chrysophyta, 18 taxa of Bacillariophyta and 14 taxa of Chlo-

- 12 -



●・

rophyta, were found in Lake Yunoko throughouE the present 5

investigations with 46 samples.

More abundant taxa were found in Bacillariophyta and Chlo-

rophyta, which agreed with che results of Furuta (L964) and

Hashizume (I975) and the same tendencies \^rere observed in
Lake Ikeda, Lake Kakinuma, Unagi-ike Pond (Enviroment'

Agency Nature Conservation Bureau L976), Lake Suwa (Aoyama

et"al. 1973) and Lake Biwa (Negoro 1966).

V.L.2. Seasonal cycle of total cel1 number

April, 1976 : The water from 10 sampling stations were

analysed and the cells in 1 ml of surface water were counted,

which ranged from 4,200 (st.s) to 37,200 (st.A) and high cell
numbers from 241200 to 371200 were found aE 6 stations which

$tere located in the southern half part of the lake or near

the sewage works (Fig.V.1.1 ). t

June, L976 : Cell numbers at only 6 stations locaLed

in the central part of the lake \^/ere lower than those in

April. They fluctuated between 500 (st..A) and 5,100 cells (

st.e) and of these, from 11300 to 3,500 cells were found at

4 stations (Fie.V.1.2 ) .

August, L976 : From 3,200 (st.A) to 22,700 (st.w) ce1ls

were counted at 9 stations. The cell numbgrs from L2r40A

to Lg 1700 were found at 6 station aL northwest corner which

was considerably affected by the inflow of the sewage to south-

east corner, from which the River Yukawa flowed. The stan-

ding crop in this season was high second to that in April (

Fig.v.1.3 ).
October, L976 ; From 1,100 (st.w) to 53,000 (st.r) cells

●
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r'rere observed at 7 stations, among which 3 stations possessed

high cel1 numbers ranging from 31,200 to 53,000 cells. In

contrast with northwest corner, where a conspicuously high

sLanding crop was observed, the standing crop was l-ow at

other stations. The high count in the northwest corner vras

possibly due to the high nutrients from the sewage effluent (

Fie.V.1.4 ).
June,1977 : At 17 stations, from 2,IA0 (st.b) to 10,900

cells (st.v) were counted. The highest standing crop r^ras

recognized at st.v in the northeast part of the lake where

the effluent from a hot spring was discharged and many Cygnus

cygnus inhabited. Low standing crop ranging from 2r100 to

4 r 500 ce11s \^ras observed at 15 stations (Fig. V. 1.5 ) .

Though high populations of phytoplankton generally grow

near the inlet of a lake and in a dammed lake (Whipple L927,

Yoshimura Ig37 and Armitage & Sirnmons Ig75), an inlet in Lake

Yunoko scarcely develops and so high population of phytoplank-

ton appeared near the inf 1or^r of the sewage and that of the

effluent from the hot spring.

Both in June 1g76 and Lg77, remarkable decreases in the

number of phytoplankton rrere observed. Low numbers in June

vrere also reported by Aoyama & Kurasawa (1970). According

to many workers, grazing is of less importance for a phyto-

plankcon gro$/th. Nauwerck (1963), however, has concluded

that phyt.oplankton is of secondary ir,nportance as direct source

of food for zooplankLon. Tf so, zooPlankton develops as the

water becomes warm toward the end of the spring and their

numbers beconie sufficient Lo have an appreciable effect on the

●
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phytoplankcon growth in Lake Yunoko. As to this point, high

standing cEop of zooplankcon in June has been noted by Furuta

(1964) and Aoyama & Kurasawa (1970) in Lake Yunoko. It is

reasonable to assume that the growth of phytoplankton is .-

followed by an increase of zooplankton which decreased the

phytoplankton by grazing.

V.1.3. Seasonal variation of ce11 number

classified by phyla (Tab1e V.1.2 )

During the 5 sampling occasions, 5 phyla of Cyanophyta,

CryptophyEs, ChrysophyLa, Bacillariophyta and Chlorophyta \^Iere

observed.

April, 1976 : Almost all algal communities ri/ere occu-

pied by Bacillariophyta and Chlorophyta by 97.2 and 2.8 7.

respectively.

June , 1976 : Cryptophyta was mosc abundant (71,g 7.)

followed by Chlorophyta (26.9 iL) and BacillariophyLa (1,2 7").

. August, 1976 : The phytoplankton was mainly composed

of Bacillariophyta and Chlorophyta (33.5 %>, and less were

Chrysophyta (16.3 %) and Cryptophyta (3.1 7").

October, L976 : Cryptophyta (28.6 7") was found next to

Chrysophyta (69.4 %) and Bacillariophyta (1.5 %), and Chlo-

rophyta rarely appeared.

June , L976 : The main PhytoPlankton occurred was Baci-

llariophyta (53.3 7.) and Cryptophyta (45.9 7"), and both

Cyanophyta (0.4 %) and Chlorophyta (0.4 %) seldom occurred.

As to Cyanophyta, low population was found only in June 1977.

●
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According to these results, Cryptophyta was inclined to

profusely appear afLer the circulation periods in June and

in October, when the waLer \^ras rich in nutrients. Also,

Chrysophyta was likely to begin to grow in summer and in-
crease profusely in fa11. Bacillariophyta had its high

population in April and August 1976 and June 1977.

Water temperature is considered to be an important environ-

mental factor for diatom growLh. Kojima (L964 No.129)

suggested that diatoms never show their active growth in summer

except early in summer which is considered to be the prolon-

gation of spring growth period. Sakai (Kojima 1964 No.110)

pointed out that high concentrations of diatoms are found

through November to early in April when the water temperature

is belorn' 15"C. In Lake Biwa the diaLom gro\^rth was observed

through winter to spring, and autumn (Kojima 1964 No.48 and

118), i^zhereas in both the shramp Takasuka and Lake Kizaki,
abundant growth of diaLoms was observed throughout winter to

spring (Kojima 1964 No.47 and L36). In the swamp Tatsunuma,

diatom composed the main part of the phytoplankton in spring

and autumn (Adachi et a1. Lg6g) . Round (L960) described that

in some lakes of the English Lake District the major spring

diatom outbursts occurred as the lake water was warmed up;

in Windermere this \^ras before the surface temperature reached

14'C and in Blelham, before 18" C and the spring growth phase

ended during the early weeks of thermal stratification, but

the reason for this was uncertain. He also found that the

high water temperature in July to September coincided with

1ow diatom numbers except two stations, and this exception

●
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suggesEed that high water temperature was not detrimental to

growth.

IL has been stated that temperature is the most important

facLor affecting diatom growth, even more than nutrients,

and thaL phytoplankton abundance varies directly with it (

Patrick & Reimer L966).

On the other hand, it has also been said that the tempera-

ture at which an organism is most abundant does not necessa-

rily correspond to its optimum temperature (Fogg L965) and

that temperature is not so important for the diatom growth

(Pearsa11 Ig23, Daily 1938).

In Lake Yunoko, the diatoms predorninated in August I976

and occupied about 50 % of the total ce1l number. The water

temperature of the surface at that time was L7 .3" C which waa -

not so high temperature as to conflict with the above described

theory that considers the temperature as an important factor

to control diatom population.

It was reported that silicates are essential substances

for the diatom growth (Pearsal1 1923) and diatoms require

silicate in concentrations more than 0.5 mg / L for its growth

(Pearsa11 1932, Lund 1950). Lund (1954) found the develop-

ment of the diatom was restricted when silicate concentration

became less than 0.6 mg / L and J/rgensen (Lg57) also demonst-

rated the limitation of growth of diatoms by silicate concent-

rations of 0.5 mg / l, confirming by both laboratory and field

experiments. Nature Conservation Bureau of the Enviroment

Agency reported that though the concentration of SiO2 in Lake

Yunoko was considerably low (approximately 15 mg / L)in June

●
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l97I caused by the spring outbursL of phyLoplankton, such 1ow

concentration was enough for algal growthr so SiO2 could

not be considered as a limiting facLor in this time.

As to Chlorophyts, it appeared more conspicuously in June

(26.9 7,) and August (33.5 i() 1976 and was rarely found in other

seasons. This result is coincident with a general feature

that planktonic green algae in a lake profusely appear in

summer (Godr+ard 1937) .

V.1.4. Diversity index (Table V.1.3 )

Shannon's index of diversity (Shannon and Weaver 1963)

was adopted to analyze the structure of algal community in

this study. This index can be expressed by the formula i

H(S) = - E Pi Log2Pi, where H(S) is lhe quantity of infor-

mation, Pi is the ratio of individual number in ith species

to total number and S is the number of species. So, H(S)

may express the index of species diversity or stability.
Diversity index of phytoplankton in horizontal distri-

bution is as follows

Apri1, L976 : Diversity index, henceforth referred to

simply as D.I., ranged from 1.06 (st.g) to 2.04 (st.s) and

the difference between the maximum and the minirnum exhibited

a higher value compared with that in other seasons.

Phytoplankton at st.g where showed the minimum D.I. value

was mainly cons is ted of S.te.p-h,a_nodiscus sp. ( 1) and Synedra

acus and these two species occupied 98 % of the total cel1

number, whereas st.s showing the maximun D.I. value \^tas domi-

nated by the above described two species but they occupied

●
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o October, L976 : D.I. ranged from 0.80 (st.u) to L.24

(st.f). There were no marked fluctuation through seven

I stations.

June.1977 : D.I. ranged from only 0.90 (st.b) to L.29

(sE.r), although many stations (L7 stations) were investigated.

The dominant species were composed of 2 Laxa both ln

October L976 and June 1977. At each station the ratio of

these 2 taxa to the total cell number was similar in both

seasons, hence difference in D.I. among each stations lvas

probably smal1.

●

smallest parts (70 7,) comparing wich other stations.

June, L976 : D.I. ranged from 0.23 (st.w) to 1.10 (

st.d). SL.d showed the highest value in this time and was

dominated by Chlorel1a ellipsoldeq and Cryptormonas sp. both

of which occupied large part of the total cell number.

In the case of st.e, almost the same part of the biomass as

st.d was occupied by the above two species but one of these

species surpassed the other, so this pr.esumably led this station

not to show the highest value as st.d.

August, L976: D.I. ranged from 1.50 (st.u) to 2.L3

(st.w). At this time, the fluctuation of D.I. was sma1l

and each station showed similar values presumably beeause

each dominant species almost equally appeared in each st?-

tion. Compared with other seasons, D.I. took higher values

in this time. This is supposed to be due to the more

numerous taxa of dominant species (3 taxa) than those in

other seasons.

●
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V.1.5. Dominant species

Through there are many methods to estimate dominanL species,

I adopted the count of cell number. This method regards
^.a.l such species that appear more often than the average frequency

as dominant.

April, irg76 : The dominant species found at ten stations
and the number of stations where certain species predominated

were described as follows (Fig.V.1.1 ).
Stephanodiscus sp. (1) : Among all ten sLations this spe-

cies appeared as dominant and the frequency of appearance
o

exceeded more than 50 7. except st.s.
Syne{Ia acus : This species predominated at eight stations

excepL st.A and st.r. Following Stephanodiscus sp. (1),

this species held the second rank, while this one ranked first
at st.s

Synedra acus var. radians : This species dominated at 6

of the 10 stations. At 2 stations the frequency of occur-

o rence vras the second in rank and at 4 stations, the third
in rank

a Chlamydomonas. sp. : This species appeared at only st.r
where this dominated second.

. SySedra ulnq var. danica : This species was observed pre-

dominantly at st.A where it ranked third.

,,rnu, Ig76 : The following 2 species \^/ere observed as

dominant (Fig.V.1.2 ).
Cryptomonll sp. : This species predominated at 5 stations

except st.w, among which at 4 stations this one appeared
o

? frequently more than 50 7" of the total biomass.
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Ch16re_1_la。_111_inSpi`p■  : This species predominated at 3

stat■ ons and exceeded 50 % in ■ts frequency of appearance

at stow and sted.

August, 1976 : The dominant species were composed of

follo市ing 4 species at 9 stations among which only stou had

remarkably different dominant species (Fig.V。 1.3 )。

Stephanodiscus sp.(s) : At al1 9 stations this speCies

was growing most abundantly ano further more at 6 stations it

predom■ nated first.

chlamydomonas sP・  : Throughout all stat■ ons, this spe―

cies was commonly dominant.   Among these stations, at 3

stat■ ons ■t appeared first, at 4 stat■ ons second, and at 2

stations, third。

Dinobryon bavar■ cum : This spec■ es predom■ nated at 8

stations among which it appeared third at 6 stations and

second at 2 stat■ ons.

Cryptomonas sP. : ThiS Species appeared and was ranked

third at only l station, st.u.

October, 1976 : The dominants were composed of 2 spe-

a cies both of which were observed at all 7 stations (Fig.V.

r.4 ).
' Ochromonas appeared 50 Z or more at 4 stations.

species appeared 50 7, or more atCrvotomonas

2 stations.

June , 1977 : Two dominant species were found in this

season (Fie. V. 1 .5 ) .

Aslgrigrella gracillima : This species appeared 50 7. or

more at 13 stations among 16 stations. Many workers have

●
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noEed that Asterione}Ja usually occurs earliest
Pearsall .( 1932) believes Ehis is due to the fac

nutritive requirement

in the spring.

t that

than theAsEerionella has a higher
a' succeeding species. On the other hand, in Lake Yunoko,

this species occurred not in June 1976 but only in June L977.

Cryptomonas sp. : At st.A and st.r, this species occupied

50 7. or more.

Thus in summary, phytoplankton at each station consisted

of less than 4 dominant species and as to the composition of

the dominant species, at the same time, oo difference was

recognized through the stations and so the same dominanE

species were distributed throughout Lhe lake. The chara-

cteristics of the location affecting the occurrence of the

dominant species seem to influence the percentage in their
appearance. The most remakable features of dominant species

were found at st.r where wa8er was affected by Lhe sewage

disposal and at the stations near the inflow of the waste
o

vrater from hot spring.

As for the succession of the dominant species there seems
o

to be no regular tendency since the mumber of the dominanL

greatl-y varied f rom season to season.

If t.he investigation had been carried out at short inter-

vals over a long period of time, certain tendencies might

have been found.

V.1.6. lleasuring similarity between communities

a Though there are many methods, which treat the similarity

betr,reen comrnunities, I used the similarity index of the Cr,

●
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developed by Morishita (1959) to compare the composition

of the phytoplankton communities. He proposed the index

Cr for measuring the degree of overlap of component species

between two communities. This index is written as

2'xl x2

where

(λ l+λ 2)Nl N2

S xl(xl-1)

Cλ

λl =

Nl(Nl - 1),

鶴 X2(X2~ 1)

Nr =!*r,

●

λ2=
Nz

and xr is the number

species occurred-in

in the sample 2,

(Nz 1) , Nz = 2x2,

of individuals of a component

the sample 1 and xz thaE

●

This meLhod has the advantage that it is almost indepen-

dent of sample size. The values of the index distribute

from 0 to 1. The closer the value approaches 1, the more

the communities are similar. The results in each season

except st.A are shown in Fig.V.1.5. 10, in which I estimate

the values from 1.00 to 0.80 as showing high similarity, from

0.79 to 0.70 as slight one, from 0.69 to 0 as low one.

April, I976 : Similarity matrix of the Crin Fig.V.1.6

shows high similarity except st.s where the first dominant

species was SynedTa acus and the second, @ sP.

(1). Owing to the reversed sequence.of the dominant spe-

cies between st.s and another stations, the Cr- took low

va1ue.

June, L976 : High similarity was found among st.e,q

and x where Cryptomonas sp. commonly appeared as the first

23
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dominant species. The similarity between st. d and st.\^rrq

and x where Cryptgmonas sp. commonly appeared as the first

dominant species. The similarity between st.d and st.e, q

and w was slight because the first dominant species was

different between st.d and st.e, q and the ratio of the first

dominant species to the total biomass $tas dissimilar at st.d

and st.w, where both the first and the second dominant species

devided almost Lhe same part to the total at st.d while at

st.w the second dominant species was not recognized neverthe-

less both stations had the same first dominanE one. To com-

pare st.w with other stations except st.d, Cr shows low simi-

larity. This is attributed to the dissirnilarity of the

first dominant species that occupied large part of the total

biomass (Fig.V.1.7 ) .

August, Lg76 : Although the first dominant species were

different between st.c, f, w and other five stations, all

stations represent high sirnilarity. At st.c, f and w the

first dominant species was Chlamydojnonas sp. and the second,

Stephanojliscus sp. (s). The frequency of occurrence in

these two species, however, was so similar that Cr. showed

high similarity with other 5 stations where Slephaggdis-cus

sp. (s) predominated first (Fig.V.1.8 ).
October, L976 : A11 stations other than st.u represented

high similarity. The reason for this among st.c, q, r and s

was considered to be the appearance of the same first and second

dominant species , Oc,luoqongs_ sp. and Cryp_tgmonas sp. resPectively.

Although at st.f and w where the same first and second diminant

species occurred, the sequence of the dominant species was

●
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reverse to those at the stations described above, there was no

remarkable difference in their percentages and therefore Ca. of

these 6 stations took high values. On the other hand, sL.u

showed low similarity to st.c, q, r and s owing to the reverse

sequence of the dominant species. and the difference in their
percentages. The similarity was, however, high between st.u

and st.w and between st.u and st.f because these stations

have the same first dominant species regardless of a little
difference in their percentages (Fig.V.1.9 ).

June, 1977 : A11 stations took high value, hence the

communities of phytoplankton were very sirnilar throughout

all stations. The reason for this is that the first arid

second dominant species among all stations were composed of

Asterionella gracillirna which predominaLed first at L2 sta-

tions and CrypEomonas sp. that predominated at 5 stations.

Also a great difference in the percentage was scarcely recog-

nlzed beLween 2 species in addition (FiS.V.1.10 ),

Cz. has the close relation with the dominant species.

In the present study high sirnilarity was observed in the

following situations.

The communities at two stations are comp.osed of the same

dominant species and when. the dominant species occuPy a large

part of the total biomass, their sequence is an important

factor. Furthermore, when the percentage of the common

species has a negligible difference between Ewo stations even

if their sequence is different, Ca. is inclined to take high

value.

●
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Characteristic community occasionally developed in the

vicinity of inf low bf the ser^rage disposal or of that of waste

water from the hot spring

V .2. Vertical distribution

V,2.L. Vertical distribution of total ce11

number (Fig .V.2.larb. )

July, tg72: The cel1 numbers ranged from 12,800 (1 m

deep) to 632,L00 cells (3 m deep) and the average was 255,200

cells which was the highest value throughout the period of

investigations, The maximum algal density was observed in

the layer more or less below the surface. Such a situation
was also reported by Talling (1955).

October , lg72 : Five layers r^rere' studied where ce11

numbers of 6,800 (9 m) 2561600 (1 m) were counted and the

average r^/as 93r200 cells. The rapid decrease with depth was

observed below 5 m deep although it was the autumnal full
circulation period. The optimal light intensity of the

dominant species may be responsible for this fact.

December, L972 z Among 8 layers comparatively high cell
numbers following October 1972 \^rere observed from the bottom

to the surface and the average was 1281200 cells. As to

the high density of phytoplankton in winter .Fogg (1965) stated

that light and temperature in winter are low, but the inten-

sity and duration of light are sufficient to supporE some

algal growth and abundant development of phytoplankton can

frequently occur at t.emperatures approaching zero. An abrupt

increase in number appeared at a depth of 9 m although Synedra

which has been recognized as the characteristic species appearing

●
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in the upper layers in Lake Yunoko (Ueno 1934, Furuta 1964)

was dominant. This reason is uncertain.

April, L976 : The cell numbers fluctuated from 9r500

(10 m) to 37,200 (0 m) among 6 layers and the average \4ras

19r500 cells which was the highest value among 3 seasons in

I976. In this season water stagnation commenced to develop

weakly and more abundanE phytoplankton was observed at a

depth of less than 4 m.

June, L976 : Throughout the 5 layers investigated,

the cel1 numbers ranged from 20 (10.5 m) to 900 (1 m) and

the average was 400 which was considerably 1ow comparing

with other seasons. This reason has already shown in the

former section (V.1.2 ) .

August, Lg76 : Comparatively 1ow density of 200 (4 rn)

61000 (1 and 2 m) was recorded at 6 layers and the average

was 3 1200 cells. Since the thermocline was developed at

a depth of 2 - 3 m, more abundant population was observed

at the upper layers of it. Such a tendency was common in the

former two seasons.

In general appreciable growth occurred at the depths

above 5 m exc.ept in December L972, though obvious stagnation

hardly developed in Lake Yunoko.

V .2.2. Seasonal variation of ce11 number

classified by phyla (Table V.2 . 1 . )

July , tg72 : No differences in the composition of the

community were observed at each depEh because Chlorophyta
o occupied 97 100 7, of the total cell number at all depths

●
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(0, 1, 3 and 6 rn).

October , L972 : Cyanophyta predominated a! 1 m (about

90 %) and 9 m (about 50 7,> deep, whereas at another depLhs

it appeared from 19 to 36 7. and Chlorophyta occupied large

part of the total biomass instead

December , L972 : At all depths from 0 to 12 m, Bacillario-
phyta occurred from 99,5 !o 100 7, and so the distribution
of the phytoplankton seemed to be horizontally uniform.

April, L976 z Bacillariophyta had a frequency of more

than 95 % through all depths; the remaining part consisting

of Chlorophyta. This feature resembled that in December L972.

June, L976 z At upper three layers (0, 1 and 2 n)

Chrysophyta appeared over 95 7" and the remaining part was com-

posed of Chlorophyta, whereas at a depth of 8 m Chrysophyta

decreased to about 41 7" and Chlorophyta increased to about

56 7" instead and Bacillariophyta occurred about 3 7.. At a

deepest layer (10.5 m), Chrysophyta occurred about 69 % and

o almost 31 7. consisted of Bacillariophyta.

August, L976: At depths of 0 and 1 m, Bacillariophyta

' appeared from about 57 to 64 7,, Chrysophyta from 29 to 33 7"

and Chlorophyta from 7 to 10 7., Bacillariophyta occupied

similar percentage of the total cell number at the depths of

2 and 4 m but Chrysophyta decreased to about 4 to 7 % and

Chlorophyta increased from 34 to 49 %. At deeper layers,

8 and 9.5 m, almost all part (96 to 99.5 7.) was occupied by

Cyanophyta.

a
The composition of phytoplankton were vertically uniform

July, October and December L972 and in April and June 1976
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which season green algae abundantly occurred only at a depth

of 8 m. This is considered to be due to the contamination of
attached algae from the standing tree in the water in the

neighborhood. The causes for this uniformity are consi,dered

as follows.

Since spring half stagnation period prolonged to July in L972,

the phytoplankton composition was nearly uniform though deeper

layers were not investigated. october L972 was the autumnal

ful1 circulation period showing a 1itt1e difference of water

temperature (1.3"C) between the surface and deeper layer, so

the dominanL species were composed of essentially the same

ones. In December L972r 4s water temperatures of the surface

and deeper Layer (11.5 m) were 2.5'C and 3.2" C respectively

and its difference was only 0.7" C, it may be reasonable to

regard this season as the circulation period. One of the

reasons why the lake water was circulated despite that this
season l^las originally the winEer half-sEagnation period, was

supposed that Lake Yunoko was inclined to be strongly affected

by wind action because it is a shallow lake and the lake water

Lherefore, completely :circulated.

The differences of water temperature between the surface

and deeper layer in April and June 1976 r^/ere f .f C and 5.6'C

respectively. So each season was considered as vernal half-
stagnation period. Water of this lake, however, seemed to

circulate quite moderately and this probably caused the uni-
formi ty .

In August 1976, remarkable difference in the dominant species

$ras recognized between 0 4 m and 8 9.5 m owing to the

●
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stagnation period in which the water temperature at the sur-

face and a depth of g,5 m was L7.3" C and 10.6'C respectively.

V .2.3. Diversity index (Tab1e V .2.2.)
July, L972 : D.I. showed a narrow range from 0.01 to

0.24 because of the exclusive dorninance :of Chlamygorngnag-

sp. (A) .

October , L972 : D.I. rangd from 0.77 to 1.83 and its
dif ference r^/as 1.06. Though the percentage of the f irst do-

minant species showed low values as the depth increased excepE

2 m Iayer, D.I. took high values as the depth increased also

except 2 m layer
●

December, L972 : D.I. fluctuaLed

to 2.02) because of high domination of

M. icalica f. curvata and Synedra acus

with smal1 range (L.67

Melosira distans+l

●

with total average value

gL.6 7".

Apri1, L976 : D.I. ranged from L.25 to L.7I with sma11

f luctuation of 0.46 probably because there \^rere no remarka-

ble differences in the number of taxa composing dominant

species and in their percentages between the depths.

June, L976: D.I. ranged from 0.11 Lo 1.35 with diffe-

rence of L.24. Although this range seems to be generally not

so large , it is the highest value in this .study due to the

r,ride range of the distribution of the f irs E dominant species

(g8.7 37 .5 7.) .

August, L976 : D.I. ranged from 0.07 to L.46 with the

difference of 1.39. Deeper layers showed comparatively 1ow

values as 0.35 at a depth of 8 m and 0.07 at that of 9.5 m

because only one taxon Aphanothece. sp. occupied large part

●
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of the total biomass.

Throughout the investigations, the minimum and maximum

values of D.I. I,rrere 0.01 and 2,02 resPectively showing small

differences. The reason for this is considered to be that -

only a few dominant species occurred in high percenLage at

almost. all depths.

The relations beLween the depth of water and D.I. hrere summa-

lized as fo1lows.

1. D.I. took approximately constant values irrespective

of the depth of water: July Lg72, December Ig72, April 1976.

2. D.I. Eook higher values as a depth increased : October

L972, June L976.

3. D.I. took high values at the upper layers and low

values at the deeper ones : August 1976.

Thus D.I. \^las strongly af fected mainly by the percentage of

the first dominant species.

V .2.4. Dorninant species (Fig .V .2.La, b)

The method to determine Ehe dominant species is the same

as that in horizontal distribution of phytoplankton.

July, L972 : At all depths, although the investigation

was carried out only to a depch of 6 m, only Chlamydo-mgnas.

sp. (A) appeared.

October , 1972 : Aphgro_gap.ga elashig-ta var. planktgnlga

predominated at a depth of 1 m, whereas Chlamyd_omgnas- sP. (B)

and Aphalocapsa. elqchista var. planktonica appeared in order

at the depth of 2, 4 and 6 m, and above-described ,trwo species

appeared in reverse sequence at a depth of 9 m.

●
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December, 1972 : At the surface M.el.osira d_istans pre-

dominated first and Svned.rg acus second, while at all other:

depths the first and the second dominant species appeared

)o in reverse sequence except a depth of 6 m where Melosira

italica f. curvata occurred as the second dominant one instead

of Melosira distans which appeared as the third dominant spe-

cies. Melosira italica f. curvata occurred third at the depth

of l, 3, 4, 9 and 12 m.

April, 1976 : Stephanodiscus sP, distributed as the fir6t

dOminait species equally through all depths.   Furthermore

Synedra acus and 旦・ acus vare rad■ans was the second and‐ the third

dOminant respectively except foF the surface layer where the

second and the third dominants were reversed.

Ju■e, 1976 : Only 6ne taxon, cryptomonaS Sp。 , Commonly

predominated through all depths except 8 m layer where

Mougeqt!e sp. appeared f irs t and Cryplolnonas_ sp. did second.

August, 1976 : StePhangdisc_us sP.(1) predominated f irst

o and Dinoblyon bavaricug, second at upper layers (0, 1 and 2

m deep). At a depth of 4 m thlamydgmor,rgs sp.(A) appeared as

a the f irst dominant species and S-tephanodisc_us sp. ( 1) did as

the secOnd. Aphangthgge sp. exclusively occupie-d a large

part of the total biomass at the de'pths of 8 and 9.5 m.

Thus, ir summary there were no significant differences in

the vertical composition of the dominant species except in

August L976 in which dominant species showed great differences

between upper layers and lowe ones .olving to the comPlete

stagnation period. On the other hand, the order of the
o

dominant species sometimes changed. As the dominant species

●

- 32 -



D.

of phytoplankton was composed of only one to three taxa and

they occupied considerably large part, the composition of the

community in Lake Yunoko was considered to be simple.

V.2.5. Measuring similarity between communities

July, L972 : High similarity was observed between 4

layers because the first dominant species was common aL 4

layers and their percentages were considerably high showing

the values from 96.9 Lo 100 T.(FLg,V.2,2 ).
October, 1972 : As Fig.V.2.3 shows, Ehe community at a

depth of 1 m was different from the communities of other:deptbs

because the communiLy at this depth was composed of only one taxon,

Aphngcapgg e_lachist? var. planktonig which was the second

dominant species at the depth of 2, 4 and 6 m, and it showed

hi.gh percentage (87.2 7,). High similarity was found among 2,

4 and 6 m layers where the same dominant species appeared in

the same order.

December, L972 z Fig.V.2.4 shows high similarity
throughout all depths. Even though the order of the domi-

nant species was different there was no great difference in

their percentages. The dominant species \^rere of course

composed of the same ones

high s imi lar i ty .

These facts presumably lead the

April, I976 : This season also represented high sirni-

larity except the layers between 0 m and 10 m where the second

and the third dominant species were different and in addition

the first dominant one occupied different percentage (Fig.V.2.

5 ).
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June, 1976 : High similarity was observed between all depths

except for the 8 m layer where represented dissimilar communities

by the sudden appearance of Mougeotia sp. (Fig .V.2.5 ).
:' August, 1976: High similarity was observed between upper

3 layers (0 - T - 2 m) and between deeper 2 ones (B - 9.5 m).

The signif icant dissirnilarity bet\^reen the upper and deeper layers

was due to the difference of the dominant species, while aE a

depth of 4 m, as the first dominanL species differed from that
in the uPPer and deeper layers though the second one at this
depth was the same as the first one in the upper layer,

a this layer showed greater dissimilarity to the deeper layers

than the upper layers (Fig ,V,2,7 ) .
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VI.   BENTHIC ALCAE IN THE LIMNETIC ZONE

し

'

VI.1. Live cell
VI.1. 1. Seasonal cycle of total ce11 number

July , 1972 : Samples were collected at 12 stations.
Ce11 numbers pu, **2 of the sediment surface range from 11800

(10 m) to 33I,500 cel1s (1 m). Marked decrease in number

appeared between 4 and 5 m (Fig.VI.1 ).
0ctober, L972 z From 300 (course CrI2 m deep, henceforth

simply expressed as C L2) to 2IL 1400 cel1s (C 1) were counted

among 28 stations and the rapid decrease lras observed between

1 and 2 m (Fie .VT.2 ).
December, !972 : The maximum count, 876,800 cells were

found aE A 1.5 and the minimum one, 6,700 cells at A I0 among

27 samples. The cell numbers decreased markedly at 2 m in

course A and increased again at 3 m. Such trend was also

observed in l^Iindermere by Round (1961) who showed that Lhe

mean population at 2 m seems always to be less than at 1 m,

and also less than that aL some depth greater than 2 m.

He furthermore stated Lhat the flora rapidly declines below

6m. It, however, occurred below 4 m in Lake Yunoko.

On the contrary, the maximum count was observed at 2 and 2.3 m

in course C and the numbers sharply reduced below 7 m (Fig.VI.

3 ).
Apri1, 1976: The ce11 numbers ranged frorn 5,700 (C fl)

to 331,300 (A 1.3). Little growth occurred below 1.8 m and

the great difference in algal growth among the stations below

o 1.8 m was hardly found both in course A and C, whereas rapid

decrease in number was observed at depths greater than 6 m in
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course C which is in agreement with the data of Round (1961)

(Fie.vI.4 ).
June, 1976 : The cell number fluctuated between 41900

(CA 11) and 181,700 cells (A 5) among 2L samples. As Round

(1951) showed, Ehe cel1 numbers rapidly dropped at 6 m in

course A, while in course C litt1e growth was observed at

9 m and 11 m (cA) (Fig.VI.5 ).
August, Lg76 : The maximum number of cells 218r500,

r^/as found at 2 m (course A) and the minimum 81200 cells at

11 m (course C) among 18 stations. The marked decrease in

numbers occurred below 4 m but a 1itt1e recovery was observed

at g and 10 m in cours€ A, while in course C appreciable in-

crease in numbers occurred aE 5 m and above, buL few were

observed at 11 m (C 11 and CA 11) (Fig.VI.6 ).
October, I976 : The greatest number(2621300 cel1s) was

found at 1.5 m (course C) and the least 8,400 ce11s aL 10 m

(course A). Though a little increase occurred at I m, the

cell number decreased from 4.5 m in cours€ A, whereas the

standing crop showed a steady decrease from shallow to deep

water in course C (Fig.VI.7 ).

In general, the maximum numbers were frequently found at

shallower stations and the minimum at the deepest or its

adjacenl stations in Lake Yunoko though there ttas some vari-

ation of the depth where a sharp reduction was observed, from

season to season and from course to course. Fig.VI.B shows

the vertical distribution of the number of live cells per
a1 mm', averaging those at different stations with almost the:

same depths.
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The cell numbers showed a tendency to decrease as the depth

increased except in June. Round (1961) pointed out that the

mosL favorable depth in some lakes of the English Lake DistricF
is 3 m in regard to the optimal photosynthesis of the diatoms

whereas shallower depths appear to be somewhat. less favorable

because of a partial inhibition of photosynthesis (Ta11ing

L957 a, b) and little growth occur below 6 m. In Lake Yunoko

the maxi'mum growth was rarely observed at 3 m and the sig-
nificant decrease at 6 m was found only in April (course C),

June (course A) and October (course A) L976. One of the main

reasons for these disagreements with Round's data may be the

difference of species composition between Lake Yunoko and

lakes in the English Lake District. Gruendling (1971) reported

from his study on the epipelic algae in the shallow Marion

Lake where the mean depth is 2.4 m that the maximum standing

crop is usually found at 2 m and the decrease is found at

0.5, 1.0,3.0 and 4.0 m. He pointed out that the reduction

of light is probably responsible for the decrease in the

standing crop at 3.0 and 4.0 m while other factors such as

grazLng by animals and light inhibition of photosynthesis are

acting Eo reduce it at 0.5 and 1.0 m. The maximum standing

crop lras observed at 2 m only in December L972 and August 1976

in Lake Yunoko. Since the optimal light intensity of the

a1gal growth is different in each algal species and the light
penetraEion is influenced by the amount of suspended particles,
it is difficult to find out general feature of the standing

crop in relation to the water depth. Moreover, the characte-

ristics of physical and chemicaL facLors such as wave action
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and the nature of sediment are different in each lake, so thaE

they may induce complexities of the depth distribution.

Vl 1.2. Seasonal variation of cell number

classified by phyla

Table VI.l-a,b shows seasonal variation of the live cell

numbers classified by phyla. It is clear that the diatoms

significantly predominated, percentages of which varied from

a 1ow of 87.5 and to a high of L00 7", The frequency of

occurrence of Lhe algae other than diatoms vras less Ehan I 7"

at almost all stations and so the benthic algae in Lake Yunoko

almost entirely consisted of the diatoms.

Round (Lg64) repaEed Ehat blue-green algae in Windermere

range deeper than diatoms and sugges,ted thaL they are less

sensitive to light. Hutchinson (1967 ) pointed out that the

usual members of the deepest littoriprofundal algae taxocene

are blue-green algae, with a few special members of other

groups such as the red alga Hildenbrandia, and that the

blue-green algae found in tbe deep zone ofcen show some chro-

rnatic adapEaLion, producing pink forms. On the other hand,

it is suggested that lhe types of lake sediments and the

overlying hraters have strong controlling influences on the

types of epipelic flora that will develop and on the size of

the standing crop of each species. In this point, Round (

1957) has shown that for many of the English lakes the diatoms

and the green algae favor high organic sediments. From this

suggestion, it might be expected that the high organic sediments

in Lake Yunoko was resPonsible f,or the dominance of diatoms

in Ehe benthic algal flora.
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Gruendling (1971) observed that temperature and light quan-

tity appear to be the most important variable influencing the

blue-green alga1 standing crop and their growth did not begin

until the water temperature approached 20.0"C.

It was noled by Hashizume (1g75) that the blue-green algae

have never appeared in Lake Yunoko in the sunmer season because

of low water temperature, although it is strongly eutrophicated

lake. Actually the water temperature seldom exceeded 20" C

throughout a yearr so that the low water temperature might be

responsible for the low growth of blue-green algae in Lake

Yunoko.

VI.1.3. Dominant species

Ju1y, 1972 : The most significant species as a dominant

was Egllgrig pinnata followed by Fragilaria spp. which

appeared at the deeper zones (Fig.VI.1 ).
October, L972 : The main dominant species were Fragilarijr

pingata, Frag_ilariq spp. and F. pinnata var. Lancettula (Fig.

vr.2 )

December, L975 : Fragilaria pinnata, F. pingata var.

lancettula and F. capucinq var. mesolqpta were the main domi-

nant members of the flora (Fig.VI.3 ).
April,. L97 6 : Fragila-{iq pjnnata appeared mos t f requently

as the first dominant species and the other species such as

Mefgsira distgns, F. gonstruens, E. consLruens var. binodis

and Stephanodisc-us sp. were also dominant (Fig.VI.4 ).
June, L976 : At many zones, Fragi.ljl:ia pinnatq predomi-

nated first whereas Melosira distans which often appeared at

deeper zOnes ,二 。 cOnstruens and Fo construens var. binodis were
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important dominanL species (Fig. VI.5. ) .

August, I976 : The distribution of the first dominant

species f'ragilaria pinnata was limited at 7 stations among

17 in this season. Fo construens often predom■ nated first

at 5 stations.  Other species such as Melosira distans, E.

crotonens■ s, 二。 cOnstruens var. binodis,  nd 二。 Pinnata var.

lancettula were found as the first dominanL species at a few

stations (FigovI.6 )。

October, 1976 : Fragilaria pinnata predominating first

at 7 stations among 17 was followed closely by F. .construens.

● Fo construens var. binodis and Melosira distans also pre―

dominated first at several stations (Fig. VI.7 . ) .

From these investigations it was elear that Fragilaria
pinn.ata, predominated f irst at almost all zones, though the

extent of dominance by this species \^/as more limited in L976

than in lg72 and the other species especially Melosliq dis,tans

also predominated at comparatively deeper zones.

Regarding the compensation depth as about 1 % of relative

light intensity, it is approximately 6 m during Ehe circulation
period and to the bottom during the stagnation period and thus

the euphotic zone is considered to be 6 m, more or less through-

out a year in Lake Yunoko (Yamaguchi & Ichimura 1970). So

it is clear from this investigation that algal production was

found below the euphotic zone in Lake Yunoko. A similar phe-

nomenon was observed in Lake Biwa where Stephan9disc● s carco―

nensis and Melosira solida grew on profoundal lake sedimenl

(TSuda 1965)。

Hutchinson (1967)Pointed Out that the benthic algal commu―
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nities are in general confined Eo the euphotic zone and there

flsyr however, be species present in Ehe feebly illuminated

transitional littoriprofundal zone that are at least partially

heterotrophic. Lund (L954) reported from the inspection of

diatom periodicity that diatoms are possessed of ability to

remain alive on and in the deposits in the dark and under

anaerobic conditions. Fogg (L965) noted that many algal

species are capable of growth in the dark if given a suitable

organic substrate. Rodhe (1955) found indications of growth

of nannoplankton in a sub-arctic lake during the winter ,'.

under circumstances in which virtually no light could have

been available and he supposed chemotrophic growth. The

chemo-trophic growth was also suggested by Bernard (1963) who

observed that nannoplankton algae are often as numerous in.'

samples taken from considerable depth in the sea as they are

in the photic layer. Fischer (1977) stated that the ability
to grow heterotrophically as mixotrophy is obviously a common

feature in diatoms.

Although a large number of taxa appeared as phytoplankton

and benthos, the live cells on the bottom at the limnetic

zane \i/ere conf ined to several species.

Stockner and Armstrong (1971) found that Fragilaria pinna-ta

which was one of the main dominant taxa in Lake Yunoko, occurs

more abundantLy at deeper stations because its optimal light

intensity for growth is low. In addition, as to Fragilaria,

they \^/ere not considered to derive from plankton since through-

out the studied period they had never composed main part of the

phytoplankton.
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As to Melosi,ra distans which of ten appeared as dominant

species in Lake Yunoko, Gruendling (1971) found the largesE

standing crop of this species consistently at the deeper sta-

tt Eions (2 .0, 3.0 and 4,0 m) . Lund (1954) reported that Melo-

sira italica sub4rcLic4 passed to the deposits in sunmer and

there remains alive forming resting stage in the dark anaero-

bic conditions. It may be possible to assume that generally

Melosira is able to survive in such conditions by forming

resting stage.

These observations may suggest that some of the prevailing

benthos appearing at the deeper zone in Lake Yunoko would have

an ability of growing or living at low light intensity or dark

and further living heterotrophically.

VI. I .4. Measuring similarity between communities

The similarity index of the C.r" designed by Morishita (

L959) was used to compare the composition of the communities

in benthic aLgae at Ewo di.f ferent sEaEions.

(A) In the case of two neighboring stations in the

same course (Fig.VI.9a,b)

Ju1y, 1972 : High similaricy was found between shallower

zones above 6 rn deep and between 12 m zones where the first

dominant species were common.

October, 1972 :In course B, almost all stations above

6 m deep showed high similarity, while 1ow one was recognl-zed

in deeper stations.

In the case of course C, the similarity between stations

above 10 m showed a high value because of the commonness of

the first (Fragilaria ginna_la) and frequently the second
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dominant specres.
December, L972 : The algal composition at all stations

represented high similarity. The first dominant species

was occupied by Fragilaria piJEa.ta at many stations whereas

at some stations F. pinry*_g var. lancettula and F. pinnata

dominated first and second respectively without significant
difference in their percentages. A strong resemblance was

observed between shallower stations above 4 m deep and it
was hardly observed between deeper stations below 4 m because

of the difference of the first dominant species in course B.

In course C, Crr. values showed high similaricy from 1 to

11 m (st.C 11a), because of the common appearance of the

first dominant species or that of the first or the second

dorninanE one with similar percentages. The composition of

the main species at st.11.5 m was dissimilar to neighboring

stations.

April, 1976 : The six stations from 1.3 to 5 m were

investigated in course A and high similarity was observed

throughout all stations, owing to the same first dominant

species Fragi.laria. p}Jrnara. High similarity was recognized

at upper 6 stations above 8 m in course C. I. Pinnata

dominated first from 1.8 to 5 m, while apart from their order,

the first Lo the third dominant species were composed of the

same ones without significant difference in their percentages

at 5 and 6 m. The first dominant species was common at 6

and 8 m. The dissimilarity below 8 m was supposed that each

station had a different first dominant species, which occupied

o large part of the community.
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June, L976 : Among 10 stations in course A, upper sta-

tions above 8 m with the same first dominant species showed

high sirnilarity. The similarity between 8 and 9 m was low

due to their different firsE dominanE species.

In course C, the stations above 8 m shorved high similarity

because Fragilaria pinnata pt",r"iled commonly as the first or

the second dominant species, and moreover a great difference

on Ehe percentage between the first and the second was hardly

appreciated. Though the first dominant one was different at

7 and 8 m, Cr. value showed comparatively high because of the

appearance of the common second dominant one with similar

percentage Eo the first one.

August, Ig76 : In course A, high similarity was observed

only at upper 4 scations where 4ragilaria cslnstruens appeared

as the first or the second dominant species and in this case

the first and the second ones represented similar percentage.

Fragilar.i3 construense appeared as the first dominant one

at 4 and 5 m, and their similarity, however, was 1ow presumably

because of the difference in the second and the third dominant

species. There appeared low similarity below 5 m owing to

the difference in the first and the second dominant ones.

In course C, comparatively 1ow similarity was obtained

between 2 - 3 m, 5 11 m (st.CA 11) and st.C 11 CA 11.

The first dorninant species at 2 and 3 m were common but their

percentages were different. The 1ow similarity between the

other s tations \Atas presumably attributed to the dif f erence

in the first and the second dominant species.

October, 1976 : In course A, high similarity \^ras found
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onlybetween2-3mr3

common appearance of the first dominant species except 4,5

5.8 m where the dominant species consisted of three taxa, of

which two taxa occupying almos t 50 7, Eogether \^rere common

though the first dominant one which occupied less than 5A %

was different. Except for Lhe similarity between 5 and 10

m (st.CA 10) where the first to the third dominant species

r^rere entirely dif ferent, the similarity highly resembled in

course C where Fragilaria construence and F. pinnata commonly

appeared as the first or the second dominant.

On a general survey from Ehese data, high similarity

between two neighboring stations was observed up to 4 m or at

10 m in course A, while in course C it was observed up to 5 m

or 11 m. At the same sarnpling time high similarity appeared

up to deeper zones in course C than in course A.

The relation between depth limitation and seasonal vari-

ation in the similarity of algal communities has not been

c lear .

Considering high similarity as 0.80 and above in Cl value,

the following situation may be the cause for it.

(1) The two communities have the same first dominant

species which occupied a large Part of the total biomass.

In this case, higher values are obtained when the first

dominant holds almost 50 "l (e.g. st.D 4.5 D 6 in July L972)

but there seems to be exception when a great disparity in

their percentages is recognized (e.g. st.C 2 - C 3 in August

L97 6) .

(2) The order of the firsL and the second dominant species
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in two communities coincides with each other and their totals
attain almost 50 7".

(3) The totals of the firsE and the second dominants exceed

50 % in two communities even when the order of them inversely

arranged (e.g. st.A 4 - A 5, st.A 6a - A 6b, st.C I - C 2,5

in December 1972, st.C 6 - C 8 in April 1976 and st.C 2 - C 3,

sL.C 3 C 4, st.C 4 C 5 in June 1976).

(4) The total frequency of occurrence of the first , the

second and the third dominants exceeds 50 "l when the members

of them in two communities are common even though their
orders are different (e.g. st.C 3.5 C 5, st.C 5 - C 6, st.C

6 - C I in April 1976 and sE.C 3 C 3.8 in Ocuober 1976).

(B) In the case of two stations with similar

depth in the different course or station (Fig.VI.

10a, b)

October , 1972 : The similariLy ,.oas low betwben st. B 2 .

C 2.5, st.C 5 - B 5b, st.B 7 - C 7, st.CA 10.5 B 10 and

st.CA.10.5 C 10, and slight between st.B 1 - C lb. But

high similarity \^las frequently found in 13 intervals among 19.

December, L972 : High similarity was found in 12 inter-

vals among L7.

Apri1, I976 : Low similarity is hardly recogntzed although

2 intervals between st.A 1.3 C 1.8 and st.A 6 - C 6 showed

slight similarity.

June, L976 : Five of 9 intervals showed high similarity

and the rest represented 1ow one.

August, Lg76 : fn{cnis season, Cr values were considerably

low except for one of 8 intervals.
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October, 1"976 : High similarity was observed in only

2 of 8 intervals. Of the other 6 intervals 4 showed low

similarity and 2 slight one.

Throughout the seasonal obsevations described above, high

similarity was frequently found in 4 occasions October and

December Lg72 and April and June Lg75, but in Lwo occasions,

August and October L976, low similarity was obtained in many

intervals because of the discrepancy of the first dominant

species.

According to the analyses of the similariLy on the basis

of Lhe water depth, shallower zones above 3 m often exhibited

low similarity. This is presumably due to the difference of

the first dominant species or to that of their percentages

when the first ones were common at two stations. It is

assumed thaL these differences resulted from the enviromental

complexities such as heterogeneous spatial distribution of

aquatic higher plants which were composed of Elodea, flouri-

shing in shallower parts of the lake, and the difference of

the sediment between course A and C, where the sediment was

mixed with gravels.

vT.2 Dead ce11

VI.2.1. Seasonal cycle of total ce11 number

Apri1, Lg76 : The ce11 .,.r*b"t" varied, f rom a low of 123,000

at a depth of 4.5 m to a high of 449,000 at 3 m in course A.

There was no significant correlation between the ce11 density

and the water depth.
t Comparing the composition of the dead cells with that of
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the live ce1ls in course A, the former surpassed the latter

except at 1.3 m

In course C, the very low cell numberr 241000, $/as obtained

aL 2 m and the high one, 8311000, was obtained at 10 m. The

dead cells showed larger numbers than Ehe live cell at 6 sta-

tions except at 1.8 m, 2 m and 11 m (st.CA 11).

June, L976: The cell numbers were from 951000 at 7 m

to 401r000 at .4- m in course A, while comparatively higher

cell density, from 2991000 at 9 m to 110001000 at 2 m, vtas

observed in course C. The number of the dead cells htas

larger than that of the live cells at all stations both in

course A and C.

AugusL, Lg76 : The ce11 numbers fluctuated from 152r000

aE 8 m to 585,000 at 9 m in course A and from 129,000 at 11 m

to 442,000'at 3 m in course C. At all stations the dead

cel1s surpassed the live cells in their density.

October, L976 : The cell numbers ranged from 154,000

at 2 m to 6191000 at 4 m in course A and from 322rOOO at 12

m Lo 1,060,000 at 2.5 m in course C. Higher cell density

\^/as observed in the dead cells than in the live cells at all

stations. A vast number of Lhe frustules of dead diatoms

were found on the bottom surface of the lake. Generally the

dead cells were more abundant than the live ones and a great

difference was found in the species comPositions between the

live and dead cells.

There vrere 1ittle correlations between the cell density

and the water depth or season.
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VI.2.2. Seasonal variation of cel1 number

classified by phyla

No benthic algae other than Bacillariophyta were found

a as the dead cells on the sediment of the lake bottom. A1-

though it is generally possible to detect the cell wall of

Scenedesmus, Pediastru口  and many taxa belonging to Chrysophyta

from the sediment of the lake bottom, the cel1 wall of such

species r4/as hardly observed perhaps owing to the sparse occu-

rrence of such species as plankters in Lake Yunoko.

VI.2.3. Dominant species

April , L97 6 : (Fig.VI .4. )

Course A --- Melosira distans was the first domi-

and FragilariananL species at all stations excepl 1.3 m

capucina var. mesolepta,, Stepha-nodiscus sp. r U. italica f .

curvqtg, E. pinnata and Synedra acus commonly appeared as the

dominant although Eheir rianks varied according to the water

depth.

Course C Such

Melosira italica t. curvata

species took the first rank as

at 4 stations, M. distans at 3

and Fragilariq pinnata at 2.

the second were composed of

The main species ranking under

Asterionella formosa, Stephano-

discus sP。 , Synedra acus and the first ranked species described

above.

There were no great differences in the dominanE species

between Lwo courses, but the first dominant species was more

stable in course A Ehan in course C.

June, L976 : (Fie.VI.5.)
Course A --- Melosira disLans contributed as the
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first dominant species except at 9 m and the other dominant

species were the same as those in April. :

Course C The first dominant species were com-

posed of Melosira distans at 5 sEations, Iul.

at.3, Fragilaria pinnata, Stephanodiscus sp

formosa at 1. The other dominant species were almost the

same as those in April.

The dominant species other than Lhe first one in course

A were analogous to those in course C, whereas the first

dominant species in course C were more complex than those

in course A, showing the same tendency as the case in April.

August, L97 6 : (Fig.VI .6. )

Course A --- The firs t dominant

of the 10 s

SPeC■ es were com―

posed of Melosira di.stans at 6

t. curvata and Stephanodiscus

The dominant species under the

as those in April and June.

tations, U. i!"1l-S9

Course C ………At 5 of the 7 stations, Melos■ ra d■ s―

tans appeared as the first dominant species and at another

stations, Fragila.ria pinnala and M. italica.

dominated first, whereas the dominant ones

r^/ere almost the same as those in April and

of species than in the preceding two seasons

f. curvata pre-

●

italica t. curvata

. and Asterionella

sp. at 2 stations respectively.

second were almost the same

●

under the second

June with less numbers

Comparing the dominant species in this season with those

in April or June, the first dominant species were comparatively

o stable in this season and also the dominant ones under the

second \^/ere composed of less numbers of species. It would be
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unreasonable Lo assume that these differences resulted from

the marked changes in Ehe species composition of the dead cells
during a short period. So, the slight difference of the

sampling stations probably caused such differences.

October, L976 : (Fie.vI.7.)
Course A --- PIelosira distans predominated first at 7

of the 10 stations and Stephangdiscus sp. did first at 2

stations, and another 1 station was predominated by Fragilaria
pinnata. The dominant species under the second were similar
Eo those in Apri1, June and August.

Course C --- Melosira distans held the highest rank al
5 stations among 7 and Stephanodiscus sp. and llegiklig
piggjrta predominated firs! at I station.

The dominant species other than the first were similar to

those in the preceding 3 seasons. Both in April and June,

the first dominant species differed between course A, where M.

diqtans took the first rank at almost all stations, and course

C, where it predominated first at limited few staEions. In

August and October M. distans took the first rank with similar
frequency at both courses So, the first dominant species

closely resembled beEween April and June and between August

and October. The component species of the dominant under

the second presented high resemblance, regardless of their
ranks at any season.

VT.2.4. Measuring similarity between communities

(A) In the case of two neighboring stations in the

same course (Fig.VI.9b)
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April, I976 :

Course A --- High similarity was observed at almost

all intervals except 1.3 2 m.

Course C The half of the all intervals repre-

sented high similarity.
June, L976 :

A11 inEervals from 2 to 10 m showedCourse A ---
high similarity.

Course C

stigated , among which

o 6 7mand7- 8mand

August, L976 :

Ten intervals from 2 to 12 m r^rere inve-

high similariEy was observed between

slight one between 4 and 5 m.

●
Course A --- Low similarity was found between 1 -

and2 3mand8 9 m,slighLonebetween2- 3mr5-

, 7 8 m and 9 10 m, and high one between 4 - 5 m and

7m.

Course C --- A11 stations showed high similarity in

this season.

October, 1976 :

Course A --- The g intervals from 2 to 10 m \rere

examined among which 2 intervals, 2 3 m and 9 10 rn, took

low similarity,l interval slight, and 6 intervals high.

Course C Low similarity v/as found in 2 tntervals,

1.5 2.5 m and 5 - 9 m, and slight one in I interval 9 11 m,

and the other 3 intervals took high one.

No definite tendency was recognized in the relation between

the water depth and similarity, although low similarity \,/as
O

of ten f ound at shallor'rer zones. On the other hand, the simi-
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larity of the,live ce1ls at shallower zones represented high.

It is assumed that the benthic flora of the dead cel1s at

the deep zone v/as apt to be affected directty by phytoplankton

association which comparatively uniforrnly distributed in the

lake, while that at shallor^rer zone was markedly different

from location Eo location. So, it is conceivably possible

that Cr. between two neighboring stations at shallower zones

took the lower value than that at deeper ones.

(B) In the case of two stations with similar depth

in the different qourse (Fig.VI.10a,b)

April, I976 : Among 5 intervals, the similarity was

low in 3 intervals and slight in 1 interval.

June, t976: Low similarity was found at st.A 2 - C 2,

st.A 5 - C 5 and st.A 9 C 9, slight one at st.A 4 - C 4,

andhighoneatst.A3 C3,sL.A6 C6, st.A7- C7,

st.A8 C8andst.Al0 C10.

August, 1976: The 4 intervals, st.A 2 - C 2, st.A 3 -

C 3, st.C lla 1lb and sE.C lla CA 11, showed low similarity

and 3 intervals, st.A 4 C 4, st.A 5 - C 5 and st.CA 11 C

1lb, showed high similarity.

October , lg76 : Low similarity r^ras recognized in 2 in-

tervals between st.A 2 - C 2,5 and st.C 1.5 C 2.5, while

high one vras frequently observed in 8 intervals between

st.A 2 - C 1.5, st.A 3 C 2.5, st.A 3.5 C 3, st.A 3 C

3, st.A 3 - C 3.5, st.A 4 C 3.8, st.A 4.5 C 5 and st.A 10

cA 10.

Though shallower zones such as 2 m and 3 m were inclined to
o

show low similarity, the definite tendency was hardly ob-
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served between vrater depth and ca- values. rn the case of

the live ce1ls, the intervals which showed low similarity
reached 56 % of the Eotal intervals.

(c) compari.son between the live and the dead celld
in Ehe same station

As Fig.VI.11 showes, high similarity was found at only 1

station among totaf 36 stations in course A, and also 1

station among total 34 stations in course C. So it is clear
that the significant difference was found in Ehe composition

of the community between the live and the dead cel1s.

The reasonfor this is considered as follows. The community

of the live cells \ras composed of actually growing species,

planktonic species which deposited on the lake bottorn with
signigicant amount, and accidental species derived from the

littoral periphyton which probably less affected the compo-

sicion of the community in benthic flora because of their
smal1 quantities.

Though there are very few detailed reports which refer to

the survival of the phytoplankton deposited on the lake

sediment, Lund (1954) pointed out Lhe possibility of the

existence of the planktonic species in forming a resting
stage on the sediment for a considerably long period.

It is said that the prerequisite of motility for t.he

epipelic flora means that few planktonic species could sur-

vive on the sediment (Round 1964), So, the live cell on

the sediment, derived from the plankton, might undergo

severe selection and only several planktonic species and

benthic one, which can grow in reduced light intensity or

●
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someEimes in the dark with anaerobic condition, can survive

on the sediment.

In the case of the dead cells, they mainly originaLe from

the decomposition of the benthic living algae and planktonic

species which have accumulated for a long term since the

commencement of lake formation. Although Merilainen (1969)

pointed out the occurrence of the resolution in the diatom

frustule in cerEain cases, the loss resulted from such pheno-

menon is considered to be negligible. On the other hand,

the deposition of the dead cells is occasionally mixed up

● by the movement of Chironomus spp. and this rnight cause the

vertically uniform distribution of !he alga1 communities,

while the living cells could grov/ for a comperatively short

time and rnight never compose thicker layer than the dead

cells and the influence of Chironomus spp. was negligible.
Because of the abovementioned features, the fLora might

be different beLween the dead the the live cells.

VI.3. Comparison between phytoplankton and

benthic algae

VI.3.1. Limnetic zone

Considering Ehat phytoplankton assemblage consisted of a

total of 22 species, of which 8 belonged to the diatoms, the

dominant species other than the diatoms frequently appeared

throughout the investigation, while the dominant benthic

community in the limnetic zone \^/as composed of a tatal of

10 species, all of which \^/ere belonged to the diatoms,

especially Frgrilar-ia pinna.la. So, there was a recogni2ed:

significant difference in the composition of'the dominant
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species between phytoplankton and benthic algal community.

As to the benthic community of the dead cells, the first
dominant species was Melosi_g_a, d_i-g.t_ans followed by Asterionella
formosa, Fragilaria capucina. var. mesolepta, F. construens

var. binodis, F. crotgnensis, F. pinnata var. lancettula,

U. italica f . curvjlta, Stephanodiscus sp. and Synedra gg5,
all of which are considered to be the planktonic species.

A large part of the dead community might be derived from

plankton because such species that occupied a large part of

the dead benthos \4rere hardly detected from the dominanE

species of the living benthos except a few species and cbuld

be found as the main plankter, 8s observed by many workers

until that tirne (Fig.VI.12).

The living dominant species were significanLly differenr
from the dead ones and mainly composed of Fragilaria, occa-

Eionary accompanied by Melosira distans. Concerning several

species of Fragilaria, they can groir both as planktonic and

benthic, but I have never recognized that they grew profusely

as a plankter throughout the period of observation and

never found any reports that they appeared as the dominant

plankter except Fragilaria grotonensis in Lake Yunoko.

So, the main living benthic community, Fr.agilari-a, is considered

to proliferate on the sediment of the lake bottom. trn regard

to Melosira distans, which ofcen predominated as plankton,

ic is generally tolerant of severe enviromenc and Round

(1957) found this species in the dystrophic water. Fukushima

& Ko-Bayashi (1978) observed that it profusely flourishes

as plankton in strongly acidic water, containing abundant
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ferric substances. Considering from the high tolerance of

this.species, it would be reasonable for this species to grow

on the bottom sediment in take Yunoko.although it rarely
appeared as Ehe living dominant species. The high density

of this species as benthic dead cells $las assumed to derive

from the plankton. Hashizume (L974) reported an outbursE,

of this species as plankton in November 1973

VT,3,2. Littoral zone close to shore line.

The samples of phytoplankton and benthic algae were

taken from the littoral zor.e close to the shore line at

st.2 and st.4 in June 1977 and examinatiors were attempted.

The benthic samples were separately collected from two diffe-

rent substrates, stone and sandr st the distances of 1 m (10

cm deep), 3 m (26 cm deep), 5 m (36 cm deep) at st.2 and 1 m

(10 cm)r 2 m (20 cm) and 3 m (36 cm) at st.4 from the shore,

while the samples for the estimation of phytoplankton htere

collected from Ehe surface water and from the water imme-

diately above the substrates except at the shallowest places

at both stations.
(A) Number of taxa (Fig.VI.13)

Benthic algae : The numbers of'taxa on the stone ranged

16: 18 at st.2 and 24 36 at st.4, while that on the sand

ranged 6 10 at st.2 and 11 L6 at st.4. So, the composi-

tion of the community nas more simple aL st.2 than at st.4,

and on sand than on stone. As it is generally observed

that the epipelic algae in a lake are mainly composed of

motile species (Round L953, 1964) , it is reasonable that

the flora of the sand lacks variety.
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Phytoplankton : The numbers of taxa at the upper layers

were 12 and 17 at st.2 and 15 - 27 at ste4 and those in the

lower layers  were 12 and 18 at st.2 and 27 and 31 at st.4.

The communities at st.4 were more variable than those at

st。 2 in the same manner as the benthos, and those in the 10wer

layers at st.4 showed morё  diversity than those in the upper

layers, but marked difference in the standing croP waS hardly

observed between two layers.

(B)  Standing croP (FigoVI。 13)

Benthic algae : The standing crop of algae on the ,tone

expreSsed by cell numbers  per   mm2 ranged 7 x 103 _ 19 x

103 at st.2 and 10 x 103 _ 22 x 103 at st.4, whereas that

on the sand ranged 43 x 103 _ 283 x 103 at st.2 and 109 x

l。
3 _ 238 x 103 at st.4 (FigoVI.13).  Creat differences in

the standing crop were not observed between st.2 and st.4

and the density of algal cells on the sand was several times

higher than that on the stone.   On the contrary, Moore (1979)

referred to the quantitative relation among epilithic, epipelic,

epiPhytic and epiPsamic algae and Pointed out the minority

of the epipeamOn  with respect to the number of tatta and

standing crop.   More study is needed to explain this diS―

crepancy.

Phytoplankton : The cell numbers in the surface water

were 2.6 x 103 _ 15,9 x 103 at st。 2 and 3.4 x 103 _ 5。 2 x

103 at st.4 and those at near― bottom layers ranged 4.O x 103

- 12.4 x 103 at st.2 and 2.6 x 103 _ 2.7 x 103 at st。 4.

(C)  Dominant species

Benthic algae (FigoVI.14) : Fragilaria linnata predominated
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first on the sand and stone at both stations, especially at

st.2 where it occupied the major portion of the total bio-
mass, and it had a tendency Eo occupy more highly the sand

than the sLone. Fragil_aria pinnata var. lancg-ttula frequently

appeared as the second dominant species in 9 of 12 samples.

There were no significant differences of the dominant

species between the stone and the sand. The composition

of the communities on the stone was more complicated than

that on the sand with respect to the number of the dominant

species. Furthermore, more diversified communities $rere

found at st.4 probably because st.2 was close to the boat

house and the turbulence:,by boats simplify the algal f lora

at st.2. Round (L964) pointed out that the epipelic is
essentiaLLy a subcommunity of motile forms since motility is

necessary to enable the algal cells Lo move to the surface

after disEurbance of the sediment and furthermore he showed

that the exceptions to this "role of motility" are reEx:Ig
varians, Fragilaria intermedie, I. virescens and other rarer

FragiLarta species among the diatoms. Round's observaEions

are coincident with the appearance of diatoms in Lake Yunoko.

In addition, the dominant species of the epipelic both at

littoral and limnetic zones were commonly composed of Fragi-

Larta species.

Phytoplankton (Tab1e VI.2) : The first dorninant species

at iEhe surface layer was Asterionella gracillima followed by

Fragi_laria sp. or Cryptomonas sp. The other member of the

dominant was F. pingata. In the case of more distant stations
such as st.2-5m and st.4-3m, the dominant species consisted
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of the same species as those in limnetic zone, namely A. Ara-

ci11i-m31 and Cryp-to-molras sp. without Fr-agilarig. In this

context, -Ilmavirta g!-gl . (llg77> reported that phytoplankton

in the pelagic and littoral zones have a similar species

composition ac all seasons. 0n Ehe other hand, the first

dominant species, just above the bottom sediment, were A.

gracillirnq or I. piTrnata (st.2-3m) f ollowed by Cryptomonas

sp. or A. grac!.llim? (st.2-3rn). It is clear that comparing

the communities near the bottom layer with those at the sur-

face one the benthic species had larger proportion in the

bottom layer community if Fragilaria species and lssnedesmus

species r^rere considered to derive from benthic f lora.

As to the communities at the surface layers, the proportion

of the planktonic species to the total biomass increased as

the distance from the shore.increased. So, the littoral

phytoplankton was more or less influenced by the benthic flora,

especially aL shallower zone or at immediately above the

bottom in Lake Yunoko.

(D) Measuring similarity between communities by means

of Cr.

(a) lleasuring similarity according to Ehe distance

from the shore

Benthic algae : As Fig.VI.l5b shows' excePt for the 
",'.

samples on the s tone be tween s t . 4-1m and s t .4-3m there r^/ere

no real differences between two communities growing at

different distances from the shore both on the sand and on

the stone because of the similar species comPosition.
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Phytoplankton : As Fig.VI.l5d shows, significant diffe-

rences were not recognized in the case of the surface communi-

ties both at st.2 and st.4, while low or slighu similarity
\^ras occasionally found only at st.2 probably because of the

unstable condition of the botLom sedimant caused by human

activities.
(b) Measuring similarity of the benthos according

to the different substrata, stone and sand

Ca. values (Fig.VI.15a) showed high similarity at st.2 in

each depth, but slight or high simiLarity was observed at

st.4. So, the differences of alga1 communities resulced

from the substrata on which they grew were observed at st.4,

but not at st.2 presumably owing to the turbulence by boats.

There are many reports on the relationship between alga1

communities living on different kinds of substrata and there

is a divergence of conclusiton for this problem. Some workers

reported from their glass plate results that the glass is

not selective as far as diatoms are concerned (Patrick et al.

1954) or that the attached material on glass plates is quite

similar to that on the rock substraLa except several epilithic

species belonging to the green algae (i.e., Ulothrix aequalis

and lj9glgg fracta) (Castenholz 196O).

Stockner & Armstrong (1971) found the greater relative abun-

dance of C-y_c_bte1la. stglligefg and Synedra de.ligatlssima on

the glass slides than on the natural rock substrata.

They also stated that the diatom taxa on glass slides are

basically similar to those observed on the natural rock

substrata. It is supposed that the difference of the algal
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v communities due to the substraLa is caused by the environmental

factors and time factor, how long the substrata are exposed

to the circumstances.

to 
(c) Measuring similarity of phytoplankton, living

, two different layers
'As Fig.VI.l5c shows, there were no great dif ferences of

the phytoplankton communities between two layers. The

phytoplankton in the littoral zone showed vertically uniform

distribution.
(d) Measuring similarity between benthos and

o PhYtoPlankton

Cr. showed tgry low values both at st.2 and st.4 except

a at st.2-3m where Fragilaria L-innata appeared in large pro-

porLions both in benthos and plankton (Fig.VI.15e). This

is due to the differences of the dominant species between

two samples. Ilmavirta et pl. (L977) compared the species

compositions of littoral and pelagic plankton communities

and pointed out less than 20 7, of the littoral plankton
o species are the same as occurred in epipelic communities.

It seems that the littoral plankton was composed of the algae
o

and that the proportion of epipelic algae hras greaLest at

shallow parts of the littoral region where wave action caused

water currents and turbulence (Kairesalo Ig77). The same

Phenomenon hTas observed in Lake Yunoko but no sPecies, consi-

dered to derive from phytoplanktonr was observed as dominant

benthic species. So, the species composition between benthos

o and phytoplankton has a little correlation in Lake Yunoko.
I
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Vtr . BENTHIC ALGAE IN THE LITTORAL ZONE

Vtr .1. Environmenlal features of the sampling

s ta t ions

Station 1 : This station was at the northeastern corner

of Ehe lake and the pump shed of Chuzenzi spa source was situ-
ated near this station. The water ternperature \^ras always

high because the spa was flowing out, and it,was a sunny place.

In June Lg76 Elodea sp. and Spirogyra sp. vrere found, and

decayed Elodea sp. was found in October L976,

Station 2 : This station was situated at the edge of
o the lake on the line that connected the southern corner of

Namma Hotel and the Usagijima peninsula. It was a sunny place
a and at ics western side a little stream was flowing into Lhe

lake. Because of the accumulating sand which was carried . " \:

by the stream, the lake near this station was shallow to

some distance from the shore. The surface of the lake was

covered with snow in March Lg73. Its Ehickness was about

? ^- ct st.2-2 and 15 cm at st.2-5 (the number following
a 

, l-t[ crL >v.L L aLLv

station number means the distance from the shore, expressed

by meters). Elodea sp. was growing at the distance of 6 m ino
August and 8 m in October L975 from the shore.

Station 3 : This station was in front of the mountain

cottage and at its eastern side the waste of the spa was

flowing into the lake. This station was sunny. In March

Lg73, the ice of 5 mm thick covered the lake and, moreover'

snow lay on it 15 cn deep at st.3-4. In August L976'

Elodea sp. r^/as floating around this station.

Station 4 : It seemed that water near this station was一
●
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polluted by the organic substances, because at the side of

this station Lhere was sewage works and the treaLed water

entered the lake. This sLaLion was quite sunny. The

sediment there was domposed of sand. Chironomos sp. was

occasionally found. In March 1973, snord lay 9 cflr 10 cm and

15 cm deep at st.4-1, 4-2 and 4-3 respectively, and especially

at st.4-3 ice of 1 cm thick 1ay below the snow. Elodea.- sp . and

sometimes Spirogyra sp. (June L976) abundantly grew a little far
from st.4 in t976 and L977.

Station 5 : This station was situated at the north-

wesEern corner of the 1ake, and as the trees (mosLly Tsuga

a:vgglfgliq) were very chick, it was not a sunny place.

It seemed thaL spring gushed from near this station.

Batrachospermum sp. was fcnrrtd- at st.5-3 in March 1973. In

June 1976, a mass of Spilogyra sp. and Elodea sP. attached by

Sphasrotilus sp. was found.

flourished in August I976.

A great amount of Elodea sP.

a Station 6 : This station was situated in the depths

of the cove which was on the opposite side of the southern

a corner of the Usagij ima peninsula and this station was not

sunny because of the chick Lrees. Water froze at a thick-

ness of 2,5 cm and Spirogyra sp. was found in December 1968.

In March L973, snow lay 8 cm deep and its surface froze at

st.6-1 and it Lay 12 cm deep at st.6-2. Elodea sp. and Spiro-

gyra sp. were found in June 1976 and Ephydatia sP. was also found

at st.6-2. In August. L976, Elojl-ea sp. grev/ abundantly in the

region 1 m distant from the shore and Acellus sp. v/as occasionally

found
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Station 7 : This staLion was almost at the middle

between st.6 and the southwestern corner of the 1ake.

As the trees (e.g. Tsuga diversifolia) were also thick there,
it was not a sunny place. In December 1968, water froze

2.5 cm thick and &gg sp. \^ras found. Ephydatia sp. lived
at st.7-2 in September L972. In March 1973, lrater froze

at a depth of 17 cm or less.

Station 8 : The location of this station was the

southwestern corner of the lake. The trees (composed of

Betula sp. and Pterocarya rhoifolia) were thick and it was

' a shady place. Water froze 2 cm thick in December Lg68 and

2.5 cm in December 1972. Ice of 14,20 and 38 cm thick was

l?' found with comparatively deep snow cover (95, 60 and 37 cm

deep at st.8-1, 8-3 and 8-5 respectively) in March Ig73.

Nostoc sp. I^ras found in October 1958 and in August and October

●

L976.

Station 9 :

^ of the lake and int
water froze 2.5 cm

and October L976.

Station 10:
corner of the lake

This station was the southeastern corner

the shade of the trees. In December 1972

thicko Elodea sP.greW abundantly in August

number of Chara sp.

This station was near the southeastern

and was sunny. In July 1967, a great

dashed on the shore were found.

Water froze 1 and 2 cm thick at st.10-4 and st.10-7 respec-

cively in December 1972 and snow 1ay 60, 55, 54.5 and 7L cm

deep at sL.10b-1, 10b-2, 10b-4 and 10b-7 respectively in

March L973. As a spring gushed from near st.10a in March

Lg73 water was open, while st.10b was a little disLant frorn一
一
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st.10a and water temperature was lower than that at st.10a

and thick snor^r lay. Nostoc sp. was frequently observed in

October and December L968 and in June, Augusl and October 1976.

0°

1972 and October 1976。    BatrachOspermum sPo was found in

December 1972 and at st.10b-4 in March L973. A small amount

of Elodea sp. were observed at sC.10-1 in September L976.

Station ll :   This station was located nearly at the

middle between the southeastern corner of the lake and the

base of the Usag■」■ma peninsula and near the head of a little

projidcting lan4.   As this station was in the shade of Tsuga

diversifolia, it was not so sunny. The surroundings of

Lhis place froze and many Asellus sp. was found in December L972.

In March 1973, water froze 2l cm deep.

observed in October and December 1968 and

Nostoc sp. was often

in Apri1, June,

August and October I976. Asellus sp. appeared in December 1972.

and in June L976. In October L976, lp!:gggg sp.\^ras atso

observed
o

Station 12 : This station was at the southern side

^ of the base of the Usagij ima peninsula and a sunny place.
o

A spring flowed near this station, so there were no ice

and snow in March 1968 and 1973, and in December L972.

A great amount of Elodea sp. floated in April and June L976 and

it decreased in August L976. Decayed Elodea sp. and SP■ logyra sp.

were found in 0ctober L976,

Station 13 : This station

side of Lhe Usagijima peninsula

Chara sp. occasionally appeared at st.10-7 in September

●
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VII .2. Seasonal cycles of total cell number

FiS.VII .2.1 VT. .2.6 shows the total ce1l counLs per

1 mm2 of the surface of substrate in each station.

When the stations are arranged in cell numbers the follow-

ing order is obtained, st.2 > st.4 > st.l > st.l2 > st.3 >

st.5 > st.5 > st.9 > st.7 > st.8 > st.10 > st.11. The first

5 stations showed considerably high standing crops, more Lhan

20 x 103 cells / **2. Comparatively low standing crops,

less than 10 x 103 cel1s / **2 r".u observed at the rest of

the stations. Except for st.12 the sLations which showed

high standing crop were located at the northwest side of

the lake where vras considerably affected by inflow of the

sewage from Yumoto Town or the treated water from the sevrage

works. It was reported that the springs in Lake Yunoko

contains high concenLration of NOJ.-N (Tochigi Pref . I975).

The high standing crop at st.12 rnight be due to this feature.

The inflorv of the treated water from the sewage works and

nutrient rich water from springs,were responsible for the

comparatively high standing crop at.St.5. It was reported

that average standing crops of benthic algae in Japanese

rivers are ordinarily 2 x 103 5 x 103 cells / **2 (Fuku-

shima and Ko-Bayashi 1971). Comparing Lhe standing crops

in Lake Yunoko with Lhose in the rivers, it appears that the

value in Lake Yunoko was so 1arge. 0n1y two stations, st.10

and st. 11 , showed smaller values. Fig.Vn ,2.7 shows the

average and t,he range of ce1l numbers in each season. This

figure reveals a great difference between the maximurn and the

minirnum ce11 numbers, because the standing crop sharply
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fluctuated from sLation to station and lhe stations in the

northern half of the lake showed higher cel1 numbers Ehan

those in the southern half.

When seasons are arranged in cel1 numbers, the following

order is obtained, March > December > April ) June > September

> October > August > July. High standing crops were obeer-

ved in early spring and winter, while low ones were observed

in summer. Round (1960) reported that the benthic epipelic

diaEom community undergoes distinct seasonal changes and he

summarized this change as low winter growth, high spring

growth, variable (sometimes negligible) summer growth and

moderate autumn growth periods. The high standing crops

of a winter in Lake Yunoko contrasted with his daLa.

Why he attributed the low growth in winter to decreasing

light intensity is considered to be,the high latitudes of

his fields, while Lake Yunoko is located at the temperate

regions and so light could not be Lhe limiting factor of

algal growth in winLer. On the other hand, the wave acLion

may wash off a large numbers of periphytic algae and this

caused the low standing crop. So, it is considered that

the high production of epipelic and epilithic algae during

winter or early spring may partly be caused by.a Physical

stability as decrease of wave action, which resulted from

the partial freezing of lake water.

VI.3. Seasonal variation of ce11 number

classified by phyla (Table \rII .3.

at st。 l were the diatoms and
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blue-green algae in March and July L967 and in March 1968,

but from December 1968 on the algal communities were mainly

composed of the diato-ms. The occurrence of the blue-green ':

algae corresponded with the abundant effl-uent from the hoE

spring near this station. The diatoms prevailed at st.2,

3 ,4 rL2 and 13, all of which \^rere the sunny places. At. st.5,

the diatoms prevailed and the blue-green algae joined the

dominant species with the diatoms since June Lg76.

The blue-green algaer 13inly Homoegthrix jgnthina, replaced

the diatorns as the f irst dominant since June tg76 at st,6,

7r 8, 91 10 and 11, which were in the shade of trees except

st.10.

In contrast to the diatoms which inclined to prevail at

sunny places, the blue-green algae profusely grew at the

shadowy ones, but the definite correlation between the

occurrence of the green algae and enviromental siEuations

was hardly observed. In general, the blue-green algae

abundantly grow in the season of. high water temperature in

the most of Japanese rivers (Fukushima and Ko-Bayashi l97L),

but such a general feature was not observed in Lake Yunoko.

Except at st.6, 7, 8, 9, 10 and 11 from June 1976 oor the

diatoms composed the significanE part of the epilithic and

epipelic communities.

VU .4. Dominant species

Vtr .4.1. Analysis of dominant species accordinp

to the sampling dates

March L967 : Among 4 stations, the blue-green algae
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predominated first only at st.1 where the organisms with

a tolerance. to pollution such as Synechococcu€ eximius and

Nitzschia palea grel,\t abundantly. Fragilaria piryE vras

observed predominantly at st.2 and this species is considered

to be the typical periphyton of the lake. Mglosira italica

f. curvata which is regarded as a planktonic species and

Fragilaria spp. prevailed at st.3 and st.5 (Fig.Vtr .4.L),
July L967 : The blue-green aLgae took comparatively

high rank at st.L, 8, g and 11, among which Svnechosgccus

exiLius, regarded as having a strong tolerance to pollution,

hold the first rank at st.1 and st.11.

Fragilaria pinnata, which widely distributed at the lake

bottom, predominated first at st.2.

St.315 and LZ had the same dominant species, Fragilarig spp.

Gomphonema ingricaturn took the first rank at st.8 which was

located near the water fall, and G. clevei var. iavanica

ranking the second and Homoeothrix ranking the third are gene-

ra1ly considered to be the lotic species. The lotic species

9. clevsi var. javanica constituted a large part of the

community at st.9 just above the water fal1.

Homoeothr.i{ jglllgg was commonly found at st.8, 9, 10 and

11, among which it predominated first at st.10.

Asterionella formosa widely distributed at all stations other

than st.5. It is assumed Ehat this species derived from

the deposition of the plankton on the basis of such concePt

that only Asterionella is conclusively euplanktonic amOng

diatoms (Hutchinson 1967 ) (Fig.VII .4.2).

March 1968 : The main components of the communities
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were diatoms and blue-green algae. The latter predominated

only at st.1 (synechococcus eximius) and st.9 (Egggsothrix
janthina). The commonest diatoms were O"nn"rr.nilIE,
Diatoma elongatum and Melosira varians. The lotic species

Homoeothrix janthina and Gomphonema tetrastigmata constituted
the main part of the community at st.9 which had the lotic
condition (Fig.Vf,,4. 3) .

October 1968 : The diatoms significantly prevailed
through almost all stations except st.6 where the green

algae Chaetophora sp. predominated, and the blue-green
algae were scarcely found as the first dominant species in
this season.

Fragilaria pinnata which distributed widely on the sediment

of deeper lake bottom was commonly found at st.2,3 and 13.

At st.5 where a spring gushed out, M.elosira varians, which

is considered to be the typical spring species, predominaLed.

The lotic species, Homoeothrix janthina and gornphonema clevei
var. .iavanica wich profusely grew at st.7, took the second

and the third ranks at st.9.
Cvmbella micro,cephala hold a large part of the community

at st.9, 10 and 11, while Achnanthes lineariformis commonly

appeard as the first dominant species at st.8 and st.12 (

Fig.Vtr .4.4).
December 1968 : The diatoms commonly took a large part

of the communities and the blue-green algae predominated first
at only one station, st.10 (Homoeothri{ janlhina), while

the green algae took comparatively high rank at st.6 (Ulo-
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The diatom Achnanthes e.xigua was present in a large number

insLead of the blue-green a1-gae which predominated in the

former three seasons.

Similar to the situation in October, Fragilaria pinnata -

commonly predominated at st.2r3 and 13. A.chnaLhes lanceolata,

which could not show the strong tolerance to water pollution,

lived in a large number at s8.5.

Melosira italica f. curvata distributed commoniy at 8 of

11 stalions, among which it predominated first at st.6 and

st.12. The first dominanL species Achnanthes lineariformis

was common rn both October and December 1958 at st.8.

The st.9 supported the lotic species as gggglgggg angustatum

var. producLa, A. lineariformis and 9. clevei var. javanica.

In contrast to the dominant species in October, the first

and the second dominant changed their rarrks at st.10; so

Homoeothri{ ia.nthina took the f irst rank and $rmbella micro-

cephal+ the second without significant difference in their

percentage occurrences. 9. microcephala also consLituted a

large part of the biomass at st.11 (Fig.VU.4.5),

September Lg72 : Both the diatoms and the blue-green

algae were dominantly present and the diatoms ranked first

at northwestern half of the lake (st.1 st.6).

The blue-green algae and the green algae took the first rank

more frequently than the diatoms at another half Part of the

lake (st.7 st.12) . The commonest diatom rvas n'ragilalia
pinnata. at 7 of. the 32 staEions followed by Hggoe.otttfi:

janthiga and Stigeocloqium sp.

There was little correlation between the first diminant
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species and the \^/ater depth, owing to the difference of

distances from the shore at the same stations, at st.1r 2, 4,

61 7 and L2, all of which were located almost at the northern

half of the lake. In this seasonr to lotic species were

recongized at st.9.(Fig.Vtr .4.6).
December Lg72 : The diatoms widely predominated first

and the blue-green alga Homoeothrix janthina ranked first
only at st.11-1. The commonest diatom was Melosira distans

at 12 of the 32 stations and its distribution was limited at

the southern half of the lake such as at.st.6, 7r 8, 9r 10,

11 and L2. Fragilarig pinnata was widely present, following

U. distansrbut its distribution was confined to st.2, 3 and 4.

The other common species as the first dominant were E. ianthi-
rBr Achnaqthee austriaca, A. exigua, A. lineariformis, Ampholg

ovalis var. pediculus, Cymbella leptoceros, Gomptronepa. tdtra-

gtigmata, Rhoicospheni.a curvata and Synedra acus

As regard to the first dominant species of the different
depths at the same station, litcle difference was found at

st。 1 (Achnanthes exigua), st.2 and st.4 (Fragilaria pinnata),

st.5 (Amphola ovalis var. pediculus) and st.6r 7 and 8 (Me1o-

sira distans). These stations were localtzed at the northwest

and.southwest sides of the lake.

The lotic species such as g. janthina, A. linealiformis, G.

clevei var. javanicg, 9. tetjfrstign,rata and S. ulna were

frequently found at st.8,9 and 10 which were located near

the water fal1 (Fig.Vtr.4.7).

March 1973 : The diatoms occupied a large part
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commonly lived at the southern half of Ehe lake, followed

by Fragila,r-ia p.inn-ata which specif ica11y distributed at the

sandy stations as st2"and st.4. Diatoma hiefnalg var. mesojlon,

*o which generally grew abundanrly i.*;; ].*r" \^rarer, r^ras

found at st.5 presumably because a great amount of the spring
gushed out near this station.

The significant difference in the depth disrriburion of
the first dominant species at the same stations was hardly
observed a't the northern Lo northwestern stations such as st.1
(Achnanthes exigua) , st,2 and st.4 (I. pinnata) , st.5 (

●      Diatoma hiemale varo mesodbn)and st.6 (Me19,■ ra ■iStans)

(FigovI.4.8).

Apri1 1976 : The blue― green algae were present at 7 0f

the 32 stations as the first dominant species and the diatoms

accounted for the remainder.   The こommonest diatom was

Fragilar■ a pinnata which appeared at the northern half of the

lake such as st.2, 4, 5 and 12, fol10wed by Stephanodiscus

SPo WhiCh Was 10calized at st。 9, 10 an4 1li the sOutheast part

of the lake.  HOmOeothr■ x janthina 10cally predominated at

7 stations in the southern part of the lakee   synedra rumpens

varo fragilariOides produced a large populatiOn at highly

eutrophicated stations which were located in the northern part

of the lake.

The occurrence of 二. Pinnata var. 1■ ■cё ttula Was Parallel

with that of 二. p_i■nata, although the latter was mostly present

in f。 1lowing seasons (Fig.VⅡ 。4.9)

」une 1976 : The commonest end Widely distributing
a

l- species was Homoe.gthri{ ja:r!h!ra.. It appeared in the southern
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half of the lake and constituted a large part Of the community.

Fran・ laria p■ nn■_t, waS present ln large numbers at the northern

stations,especially at sandy ones.   The 6thё r first dOminant

speOies were Fragilar■ a ,ppe, which Predom■ nated at 3 stat■ ons,

Synedra rumpens varo FragilariOides and 二. pinnata var. lance―

ttula (FigovI 。4:10)。

August L976 : The commonest alga was Homoeothrix janthina

at 1,7 of 32 sLations, slthough its distribution was localized

at the southern half of the 1ake, where the floras were very

simple because ic constituted considerably large parL of the

community. The other important first dominant species was

I. pinnata which appeared almost at all stations aother than

such stations where H. janthina was found (Fig.Vtr .4.11).

0ctober 1976 : In regard Eo the occurrence of the

first dominant species the same tendency as thaL in August

I976 was observed in this season, although Chamaesiphon afri-
canus var. minimus replaced g. ianthina at st.10 ^and st.11 (

Fig.vu .4.L2).

The most significant first dominant species over 4

seasons in L976 were HomoqotLrix i€_thl-na and Fra&ilaria
pinnata. The distribution of H. ianthinq was limited at

several stations in Apri1, while it predominated at the

most stations which were located in the southern half of the

lake in June, after which it declined owing to the replacement

of the first dominant one by another algae in August and October.

Although this species is considered to be the cold-water

species in Europe, it has been observed in many rivers in

Japan that the higher the water temperature became, the
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more widely it distributed. so, there would be some cor-
relations between the waLer Eemperature and its distribution
in Lake Yunoko. The relation between Lhe number of stations
where F. pinnaLa predominaEed first and the season was reverse

tothecaseofII.janthina,andtheirdistributionse1dom
overlapped each other.

VII .4.2, Analysis of dominant species according

to the sampling stations
Station I : The common diatoms vrere Synechococcus

exir,nitlg, Achnanthes exigua and Fragilaria pinnata. It is
difficult to find out a regular seasonal succession in the

dominant species.

Station 2 : I. pinnata frequently dominated first in
almost all seasons.

Station 3 : No definite seasonal succession in the domi-

nant species $ras observed.

Station 4 : F. pinnata and F. pinnale var.

were presenL in all seasons.

Station 5 : Some species, which grelr characteristically
O in the spring, occasionally appeared, but regular seasonal

succession was hardly observed.

Station6: Melosiradistans usually grew under the ice

in December 1972 and in March L973,

abundantly appeared in June I975 and

nated since that time.

while Homoeothrrx janthina

i t subsequerrt ly predomi-

Station 7 : The commonesL diatom

●

●

●

under the

distans.

lance t tu 1a

■ce ■n

Ho janthina
‐●
一・

December L972 and in March L973 was M.

occupied large part of the community in

- 76 -

and after April L976.



0°

Station 8 :   The algal communities were frequently

composed of lot■ c spec■ es throughout all seasons.  塁O janthina

predominated in and after April 1976.

Station 9 :   The main algal communities were strongly

affected by planktonic and lotic species.   The simple f10ra

since 」une 1976 was a reflectiOn of the abundant occurrence of

Homoeothrix janthina。

Stat■on 10 :   Plankton■ c and lotic spec■ es were fre―

quently found in the algal communities and 里. janthina pre―

dominated since 」une 1976.

Station ll :   The blue― green algae were often obserVed,

but significant seasonal succession was hardly recognized.

Stat■on 12 :   Fragilar■ a spec■ es commonly appeared in

all seasons except in December 1972 and in March 1973。

Regarding the dOminant species, it is difficult to re―

cognize regular seasonal succession within epilithic and epi―

pelic assemblage throughout all stations.   At st.2 and st.4,

Fragilaria pinnata was commonly present in most of the time

and it predominated first Over the studied  periOd except

in March 1968.   This species was usually found at stations

characterized by a higher nutrient content in a similar way

as F. construens (Hickman L974) and F. construens var. venter

(Round 1957)。

Melosila disLans h/as frequently observed under the ice.

Considering from this feature in addition to the fact that

it was present on comparatively deeper lake bottom, it is

supposed that this species can grow over a wide range of a

light intensicy.
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It was observed that the species, which hrere considered

Eo be derived from planktonrshowed appreciable growth as

a comPonent of the littoral benthic communities in certain

^ season, buE they Iitere never detecLed as a number of the
to

dominant in the following season, while other benthic algae

could be often found in the following season. so, it is
assumed that plankton-origin species can bot remain as a

periphyton for a long period.

Homoeothrix janthina was present in large numbers since
ApriI 1976 and more studies are need to explain this appearance.

o
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VItr DISCUSSION

The commonest benthos in the limnetic zone was Fragilaria
which also occurred always as the littoral benthic algae i ,,

especially at st.2 and st.4 it prevaild over the studied

period and tended to distribute at the norEh shore (e.g. st.1,
2r 3,4,5 and 13) which was strongly affected by polluted

water, and at deeper part of the inlet, st.12. It may be

possible to consider that Fraeilgrigr €specially F. pinnata,

have the wide range of colerance for pollution and of light
intensity in which it might gro\^r, since they showed appre-

ciable growth on Etre deeper lake bottorn with high organic

content

In general, many algae are able to utl-L:-ze organic sub-

strates, such as sugars and organic acid, Eo maintain growth

in complete darkness or as the sole source or a supplementary

source of carbon in the light. The algae able to grow in

darkness are derived mainly from soi1, heavily contaminated

waterr or littoral marine habitats (Lewin 1963).

It has been suggested that the pennate diatoms may have more

.heterotrophici species in comparison with the centric diatoms

which are predominantly photoautotrophic(Lewin Ig63 ; Lylis &

Trainor 1973). This seems logical because the pennates are

usually closely associated with the organic bottom substrata.

The greatest number of heterotrophic species are found in

the pennata diatoms. Lylis and Trainor (1973) found that

Pinnularia sp., Euqotig sp., Gornp_honemg parvulum, Nevicul:r.

molha and Nitzschia pal.eq grew heterotrophically.

To ascertain the heterotrophic capability of Fragilaria
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pinnata including E。  2innata var. lanQQttula, the batch cul―

ture was attempted.   The diatoms used in this study were

isolated from the benthos growing on the lake bottom, 10 m

deep.   Cultures were mainteined in Foggis liquid medium

(1956) to whiCh Sterilo vitamin B12 ( 3.Oμ g / 1 )Was added

instead of soil extracto   Samples containging approximately

l.2 - 1.3 x 164 cel16 / ml were cultured for 24 hr in total ,・

darkness or in continuous light of 100 or 2000 1ux.   The

water temperature was kept at about ll° C.   Glucose (10。 0

mg / 1)Was used as carbon sourcee   Sterility was checked

by inoculating nutrient broth.   Growth of E. pinnata (

inCluding 二・ pinnata var。  lancettula)waS determined by the

chlorophyll concentrati9n (FigovI圧 。1)and by Cell counts.

The results for growth on the basis of cell numbers are

presented in Table VIE。 1.   Crowth as determined by increase

in the cell number and chlorophyll concentration indicated

that glucose supported the heterOtrophic growtho   When

glocose in cencentration of 10 mg / 1 Was provided, a moderate

increase of cells was observed in the dark or in weakly

illuminated cultures.   ■owever, in continuous light (2000

10X), the growth was not enhanced if 81ucose was PrOVided.

sim■ larly, in the case Of Cyclotella crylt■ Ca ■t has no

ability to take uP glucose whё n grown at high light intensities

but when cells are incubated at lower light intensities or

in complete darkness, the glucose transport capac■ ty ■ncreases

(Hellebust 1971).   It iS likely that light conditions control

the uptake of glucose.

Fogg (1965) suggeSted lhat an Organic substrate may enable
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an alga ot attain a higher relative growth rate than would

be possible without the substrate in the light condition.

In the case of Scenedesmus constulatus var. chlorelloides
it attained a maximum value for the relative growth constant,

k, which could not be increased by supplying glucose, ot

saturating lighL intensities, while at limiting light inten-

sities k was increased by a supply of glucose but never to a

value more than that attained at saturating light intensity
(Roach Lg28). Such enhancement of growth by glu:ose under

Lhe dim lighL or complete darkness occurs with the benthic

diatom !.pintata in Lake Yunoko. Fogg and Belcher (1961)

also observed similar Lendency in the planktonic Chlore1la

pyrenoidosa.

These results suggest that F. pinnal"a (including F. pinnata

may heterotrophically survive in weakly i1lu-

te dark conditions, although Lhe growth was

●
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var. lancettula)
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minated or comple

s low.

The fact that the dead ce11s which predominated as plankters

in the previous season increased at the lake bottom and the

composition of Ehe dominant species in the dead benthic

communities suggests that the dead cells in benthic commu-

nities were mostly derived from the plankton.

Simultaneous sampling of both littoral benthos and plankton

was made in October and November Lg72 and in April, June,

August and October 1976. The dominant planktonic species

in October I972 were Chlamy,{cmgnal sp. and APhanocqPse e!a-

chistS var. plaqKFo.Jrica. The f ormer occasionally appeared

with a very small amount at a few littoral stations, but
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iE was impossible Eo detect the latLer species in the littoral

benthic community.

Melosira digtans, Synedre acus and M. italica f. curvata

r^rere present in large numbers as plankton in December 1972.

U. distans and S. acus widely distributed at the lictoral

stations while S. italicg f. curvata was scarcely present.

Stephanodiscus sp.r g. acus var. radians, Chlamydomonas sp.

and S. ulna var. danica achieved a significant percentage

occurrence as plankton in April 1976. Stephanodiscug sp.

prevailed as the littoral benthos only at the southern part

of the lake and S. agus also composed one of the dominant

benchic algae at Lhe littoral, while S. acus var. radians

less frequently predominated. In contrast to the three Eaxa

described above, Chlamydomonas sp. \^tas present in very srnall

numbers at several littoral stations and S. ulna var. danica

●

0

●

was never found.

The dominant planktonic spec ie s , Cryptomong-s- sp . and

never observed as the littoralChlore11a ellipsoidea, were

benthos in June L97 6.

In August L976, the dominant PhycoPlankton was composed

of 9tg>haJrod_i,Sjug sp., Dinobfyon bavaricum and llk-rydoggnas
sp. at the upper layers andAphano.theg'e sp. at the lower ones.

Theywere hardly observed as littoral benthos. This might

be due to Lhe fact that the strong wind gererally blows from

the south in summer season, theref Ore , the surf ace I^/ater was

drifted to the norEhern shore which was directly affected by

polluted water. Thus, it. would be difficult for certain

plankton to flourish at such region as benthos.
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In addiLion, the sediment at the north side shore was sub-

jected Lo more mad<ed physical disturbance caused by wind or

human activities, and this might shreep avray such loosely

^ attached periphyton as phytoplankton-derived species.
to

The dominant planktonic species Ochromonas sP. and Chry…

ptomonas sp. in October I976 were never present at littoral

stations.

Throughout these observations, the dominant planktonic spe-

cies were never observed at st.1, 2, 4 and 5, where the benthic

communities represented distinctly different species compo-

o sition from the plankton. Since these stations other than

st.5 were characterized by a higher nutrient conLent, only

O such species as those having the af.f.inity to a higher nutrienl

status could grow abundantly, while at sL.5 where the spring

flowed out, the dominant species reflected some characte-

ristics of the spring. In addition, these stations I,r/ere sub-

jected to considerable water movement which might cause the

removal of loosely attached algae. The abovementioned facts.:.
ov might be partly due to the absence of plankton-derived spe-

cies at several northern littoral stations.

Thus, the phytoplankton communities produce variable effe-

cts upon the littoral benthic communities. The extent of

their effects is attributed in Par! Eo the Physico-chemical

enviromental conditions at littoral stations and the characte-

ristics of each phytoplankton species such as the tolerance

for highly eutrophicated condition and adaptability of living

in different habitat as epipelic or epilithic algae.

In regard to the origin of phytoplankton, there is a

0
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concept that benthos becomes plankton. In this case, the

plankton falls onto the sediment and forms resting sPores, and

floats again into the water when conditions become favorable.

So, there is a sLeady build-up of plankton on Ehe sediments

(tlesenberg & Lund 1908, Nauman L927). Lund (1954) indicated

lhat planktonic species of Melosira become benthos, when

condition is unsuiLable for their growth and turbul-ence

is insufficient to keep lhem afloat, and survive on the

sediment forming resting spores until they move again into

plankton. Stockner and Armstrong (L97I) observed thaE

Cyclotellq stellige_ra, which is common in the littoral periphyton,

is rapidly removed and becomes comm,on iq tbe ptryloplankton.

Interaction between the plankton and periphyton was also

studied by Brown and Austin (1973) paying attention to the

occurrence of species common to both habitats, and it was

clearly observed that a decrease in ce11 numbers and percent

abundance in planktonic populations coincided with an increase

in the periphyton.

On the other hand, there are also many evidences to show

that benthos-origin plankton is generally an erroneous concept

in moderate Eo large 1akes. Round's works (1964) show that

there is never any conspicous build-up of plankton on the

sediments before a large plankton bloom.

As to Asterionella Lund (L949) concluded that the live cells

of this species always survive at low population levels as

plankters and are able to increase in numbers when conditions

are suitable for them. It is proposed that the planktonic

diatoms are not tychoplankton and the planktonic diatom
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populations exist which react independently of the epiphytrc

and epipelic populations, suggesting the presence of genetic

difference (C1erk & Runnels 1975).

^ considering from these observations it is assumed that the
fO 

vvtre rue ! !rr5 ! ! v

main components of the phytoplankton communiLies never origi-

nated from the benthos except in small or shallow lakes,

' although it was reported t.hal MelosirS resuspends-'from--Lhe

lake bottom due to the isothermal mixing currents, while it

is possible that the plankton with a smal1 numbers derives

from the resuspension of benthos by water turbulence and it

o may never becomes Lhe main plankton but accidental one.

Whereas littoral and profundal deposits receive ce11s from

a the plankton and these deposits are not returned to the

plankton except some species. The "inoculum" for Phyto-

plankton may always be present in the open water even though

below the level of detection, and it can develop and become

integral consLituent of the plankton if sufficient nutrients,

light and water temperature ate available,
a
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IX SUMMARY

Phytoplankton and benthic algae in Lake Yunoko have been

studied from ecological and physiological points of view.

The horizontal standing crops of phytoplankton as measured

by cell numbers represented high leve1 in the spring and

remained at a relatively low 1evel during the summer before

the auLumnal second maximum , aLthough the standing crop

differed with sampling stations even in the same sampling

season. The phytoplankton communities were dominated by less

than 4 taxa and these taxa were fairly evenly distributed

throughout all stations, but the percentage occurrences of each

taxa were different at each station.

In regard to the succession of the dominant species, no

regular tendency was observed since the member of the dominanc

greatly varied from season to season. Probably because this

lake is shallow and subjected to marked water turbulence

caused by wind, there vrere no significant differences in the

vertical composition of the dominant species excepL in Augusl

L976 in which the lake stratified completely.

In regard to the standing crop and the succession of the

benthos at the lirnnetic zone, the maximum standing croP.

was frequently found at shallower regions, while the minimum

at the deepest or its adjascent regions. The live cells

on the bottom sediments were confined to species such as

Fragilaria pinnata which predorninated first at almost all

regions and ンlelosira distans which also predominated at com―

paratively deeper ones.

As to I. piqng!4,' including
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which were collected from the deeper lake sediments (10 m),

they gre$r heterotrophically in complete darkness or weakly

iLluminated condition (100 lux), when glucose in concentration

of 10 mg/l was provided. However, in continuous light(
2000 lux) growth was not enhanced if glucose was provided

It is 1iRely that these species might gro\^r heterotrophical ly

on the sedi.ment of relatively deep lake bottom.

No benthic algae other than Bacillariophyta were found

as dead cells on the sediment of the lake bottom.

The componenc species of the dominant dead cells slightly
o differed with seasons, whereas their percentages varied

from season to season and from station to station. The main

I components of Lhe dead cells \^rere plankton-derived diatorns

and partly benthic diatoms growing at the same place.

A significant differenbe was found in the composition of

the communities between the live and the dead cells and between

phytoplankton and benthic communities living in the limnetic

zones.
O

In regard to the composition of the dominant species in

the litroral benthic communities, considerable variacion
I

occurred from station to slation among the L2 or 13 stations

and from season to season. This is in sharp contrast with the

phytoplankton communities in which marked differences were

rarely found in the dominant species comPosition. The

standing crop: of the littoral benthic algae represented wide

range variation in each season and at each station, whereas

appreciable growth of Fragilaria species especially F. pinn-aja

o F-^^l .,c*{u€ritl} occurred and comparatively high standing croP

… 87 -
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was observed at highly eutrophicated northern half side of

the lake.

Considering from the species composition of benthic alga1

communities at both limnetic and littoral zones it is unlikely
that dorninant phytoplankton originated from the benthic commu-

nities.

●
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口
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1972 VII 1972X 1972 X■ 1976 1V 1976 VI 1976 VЩ 1976Xcourse deDth

I mud

2 nud

3.5 nud

7 nud

9 nud

12 rnud

4.5 mud

6 nud

9 mud

I nud

2 nud

3 nud

3.5 nud

4 mud

5 nud

6 nud

7 nud

8 nud

9 rtrud

10 mud

I nud + gravel
2.5 oud

4 nud

5 roud

6 nud + gravel

7 nud

10 mud

10.5 nud

11 uud

L2 mud

3 nud

8 nud

mud .3 mud

2   mud

3   mud

4  mud

4.5 mud

6   
“
ud

1.8 sandy mud +
gravel

2   sandy mud +
gravel

3.5 mud

5   mud

6   sandy mud

8  mud

10.5 mud

ll  mud

mud mud mud

C

D

1.5 nud

2 mud

3 mud

4 nud

5 mud

6 mud

10 mud

1.2 nud

3 urud

4 roud

R nrr'l

6.5 nud

8 nud

2.5 nud

3 raud

4 nud

5 nud

6 mud

7 nud

8 nud

9 nud

10 mud

2 nud

3 roud

4 nud

5 nud

6 nud

7 nud

8 nrud

9 mud

10 mud

11 nud

L2 ntud

2  mud

3  mud

4   mud

5  mud

6  mud

7  mud

8  mud

9   mud

10  mud

l  mud

2  mud

3  mud

4  mud

5  mud

il   mud

3 mud

3.5 nud

4 roud

4.5 nud

5.8 nud

7 roud

8 mud

9 nud

10 nud

1.5 mud

2.5 sandy mud

3 roud

3.8 nud

J nud

l0 mud

12 mud

l   mud tt gravel

2   sandy mud +
grave l

2.5 sandy mud +
gravel

3   mud + gravel

4   mud + gravel

5   mud

7   mud

10  mud

ll   mud

ll.5 mud

9。 5 mud

Table IEE.1 A granular variation of superficial sediment at each depth in Lake yunoko.
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Fig.IV.1. ilater temperature (r) and air temperature (o) in each station.
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Table v。 1.1.  seasonal variation of lhytoplankton taxa in horizontal distribution.

Table V.1.2. Relative abundance of phytop'lankton in horizontal distribution.

Cyano- Crypto- Chryso- Bacil la- Chloro-
phyta phyta phyta riophyta phyta

1976  1V

VI

V皿

X

1977  VI

0フる       0        0       97。 2      2.8

0       71.9     0        1。 2     26.9

0        3。 1     16.3     46。 9     33。 5

0        28。 6     69。 4      1.5      0。 5

0.4      45.9      0       53.3      0.4

ヽ

＼  [峯[6

Cyano- Eugleno- C rypto- Chryso- Bacil la- Chloro-
phyta phyta phyta phyta riophyta phyta total

1976. lV

VI

VⅢ

X

total

1977  VI

grand total

9

5

8

7

29

'746

0

0

0

0

0

1

1

0

0

0

0

0

1

1

0

1

1

1

1

1

1

0

0

1

1

2

0

2

２

　

１

　

６

　

３

　

５
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８

4        16

4         6

5          i3

3         8

9        27

5         14

14        37
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Table V。 1.31
A compar■ son of divers■ ty index values at each station.

::::ittf DilillityStation

1976 IV ｄ

ｇ

ｍ

ｎ

ｏ

ｐ

ｑ

ｒ

ｓ

ｄ

ｅ

ｑ

ｗ

ｘ

ｃ

ｆ

ｌ

ｑ

ｒ

ｓ

ｕ

ｗ

ｃ

ｆ

ｑ

ｒ

ｓ

ｕ

ｗ

ａ

ｂ

ｃ

ｅ

ｇ

ｈ

。■

ｊ

ｋ

ｎ

ｐ

ｑ

ｒ

ｓ

ｔ

ｕ

ｖ

1976

1976 VⅢ

1976

■977 VI

1.51
■。06
1.55
■.56
1.47
1.4■

1.60
■.22
,_04
■.10
0.68
0。 37
0.23
0.31
■.99
■.86
1.69
1.65
■.62
■.73
■.50
2.13
５

４

８

７

４

０

５

９

２

０

９

８

８

１

０

１

■

０

０

０

１

1.01
0。 90
1.05
1.04
1。 00
1.14
1。 08
1.06
0.99
1。 05
0。 97
0。 94
1.29
0.97
1.03
1.04
1.01
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Fig.V.1.1.  cell nu口 bOr3 and dO■ lnant speclo3 0' phytOplankton
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Fig.v。 1.3. cell nu口 bers and dominant Specles of phytOplankton
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Fig.V。 1.4. Cel'l numbers and dominant species of phytoplankton
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FigoV.1.5。 Cell numbers and dominant species of phytoplankton
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Fi3:V:li,i C、  Value, 9f phytoplankton in horizontal diStribution
1976 1V
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This figure shows the Cl vaLues between
two cornmunities at each sanpling station,
ftrich is indicated the alphabet, by means

lof three different 1ines. The values dis-
tribute from O to 1. The closer the value
approaches 1, the more the communities are
similar. I estimate the values fron 1.00
to O.B0 as showing high similarity (thin
line), from 0.79 to 0.70 as slight one
(thick line), from 0.69 to 0 as 1o'nr one
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Figov.1。 7.  C、  Values of phytoplankton in horizontal distribution

1976 VI
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Fig.V.1.8. Cr ValUes of -phytoplankton in horizontal distribution
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FigoV.1.9。   cλ  VolueS″ 9f・ lphyt‐oplankton_in horizontal distributlon
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Table v.2.1. Relative abundance at each depth.

r

●

●

●

●

●
一

Cyano-
phyta

Elu91 enO―  Clrypto―
phyta     phyta

Chryso- Bacilla- Chloro-
phyta riophyta phyte

1972 VⅡ

1972

1972 XⅡ

1976   1V

1976   VI

i976   V IⅡ

Om
1

3

6

1

2

4

6

9

0

i

2

3

4

6

9

12

0

1

2

4

8

10

0

1

2

8

10.5

0

1

2

4

8

9。 5

0%
0

0

0

87.1

36.3

18。 7

27。 2

50。 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

95。 8

99。 5

0。 1%」  0%
0    ‐   0

0        0

0        0

0         0

0。 1   0
0。 1     0

3。 3     0

2.4     0

0。 1     0

0        0

0。 2     0

0         0

0        0

0        0

0        0

0        0

0        0

0        0

0        0

0        0

0        0

0        0

0       98。 7

0       96.9

0       95。 1

0      41.3

0      69。 2

0         0

0      0.4

0        0

0         0

0         0

0        0

0.1'イ    0。 9 %   98。 9%
2。 1      0.7     97。 2

0        0      100.0

1.4      0       98。 6

0。 2     062    12。 5

0      1。 7    61。 9

0       1.8    79。 4

0        0。 3     69.2

0       4。 4    43。 2

0      99。 5     0。 4

0       99.9      0。 1

0       98。 7      1。 1

0       99。 5      0。 5

0       99。 6      0.4

0       99。 7      0.3

0      100。 0      0

0       99.5      0.5

0       97.2      2。 8

0      100。 0      0

0       95。 4      4。 6

0       95。 2      4。 8

0      100◆ 0     0

0      100。 0      0

0    0    1。 3

0      0      1。 9

0         0        4.9

0       2。 9     55:8

0       30。 8      0

28。 7     64。 4      6。 9

32。 5     56。 7     10。 3

7.0     59。 2     33。 8

4。 3     47.0     48.7

0      4。 2     0

0      0。 3     0。 2



Table v.2.2.

A comparison of diversity index values at each station.
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FigoV.2.la   Cell numbers
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Fig.V.2.lb Cell numbers ond dominont species of phytoplonkton in verticol distribution.
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Fig.V.2.2. Cr Values of phytop'lankton in vertical distribution

1972 VI

This figure shows the Crr values between
two communities at each depth by means of
three different lines. The thin line in-
dieates high similarity, the thick 1ine,
slight one and the dotted line, low one.

The number sho'"rs the water depth of the
sarnpling station (st.A) .
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FigoV.2。 3. Cr Values of phytoplankton in vertical distribution

1972 X
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Fig.v。 2.4。 Cr Values of phytoplankton in vertical distribution

1972 XI
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Fig.V.2.5. Cr Values of phytoplankton in vertical distribution

1976 1V
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Fig.V.2.6. Cr Values of phytoplankton in vertical distribution

1976 VI
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FigoV.2。 7. Cλ Values of phytoplankton in vertical distribution

1976  VIII
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Table VI.lb.
Relative abundance of benthic algae

Cyano- Eugleno- Chryso- Baci I la- Chl oro-
phyta phyta phyta riophyta phytr

VI

1976  VI

I

I

1976  V

1976  X

1976 １

２

３

４

４

６

１

２

３

５

６

８

０

０

１

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

ＣＡ

Ｃ

２

２

３

４

５

６

７

８

９

０

２

３

４

５

６

７

８

９

０

１

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

ＣＡ

１

２

３

４

５

６

７

８

９

０

１

２

３

４

５

１

１

１Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

２

３

３

４

４

５

７

８

９

０

１

２

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ａ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

ＣＡ

Ｃ

０

０

０

０

０

０

１

０

０

１

０

０

０

０

０

0
0
0
0
0
0
0
0

0
U

0
0
0
0
0
0
0
0
0

０

０

０

０

０

０

０

１

０

０

１

０

０

０

０

０

０

０

0
0
0

0
0
n

0
0
0
U

0
0

0
0
0
0
0

100
100
100
100
100
99.7
99.0

100
100
99.0

100
't00
100
100
100

100
99.6

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
99. 9

100
100
100
99.0
100
100
98.7

100
100
100
100
100
100
100

100
100
100
100
100
100
't00

100
100
99.4

100
100

100
100
100
100
t00

0
0
0
0
0
0
0
0
0
n

0
n

0
0
0

0
0
0
0
U

tJ

0
0
0
0
0
0
0
0
0
0
n

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
U

0
0
0
0
0
0

0
n

0
0
0

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

４

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

n

0
0
0
0
0
0
n

0
0
0
0
0
0
U

0
0
０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

φ

●

●

●

●

t'



●
●

●
●

●●

．

1976 1V 1976 VI 1976 VⅢ 1976X

course depth d.c.

1.3

2

3

4

4。 5

6

38。 0

78。 5

65。 9

62.2

80.8

89.1

31.3

25。 9

73.4

86.4

96.4

99。 1

78.1

92.9

95。 8

0.7

6.6

12。 7

15.8

10。 8

27。 3

6.8

10。 9

2.5

23.8

13.6

10。 7

19.5

11。 9

47e9

47.2

0。 3

14。 6

13。 9

13。 4

15.2

:7.7

35。 5

6.7

52.4

4.8

58。 3

(m)
1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

11

37.9

64.4

87.2

79.0

94.1

96.9

91.0

98.0

94.1

98。 4

46.1

72.5

65.0

90。 1

93.1

96。 5

0.3

3.1

14.7

9.7

57.9

59.2

37。 5

66.7

55。 0

82.9

1.3

1。 5

28.8

23。 4

19。 3

34。 2

2    70。 9

2。 5  73。 3

3    82。 3

4    79.5

5    89.6

6    89.6

7    77.9

8    94.2

9    94.3

10    96.1

2    30。 5

3    88。 0

4    73。 2

5    85。 6

6    89。 2

7    92。 8

8    98.6

9    93。 1

10    98.0

11    92.9

12    93.0

＜ｍ
ｌ

２

３

４

５

６

７

８

９

０

１

２

３

３

５

０

２

１

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

１

　

１

51。 0     1。 3

76.6     0。 8

81.3    23.0

93.7    12.1

83.5    25。 8

91.4     14.4

96.0    29。 0

96。 5    29。 1

98。 2    36.4

93.6   48.6

35。 9     1:2

80.2     2。 4

74.3     4。 3

93.1    25.1

86.8    :3.3

97.0   42.6

96。 3    62。 9

1。 8

2

3。 5

5

6

8

10

10.5

11

2。 1

2.4

5。 3

20.5

33。 8

51。 2

81。 8

14.8

73.2

5

5

8

Relative abundance of planktonic species appearing in benthic micro
algae on the basis of cell numbers.
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_I.gb1eVL 3 Relative abundance of the dominant phytoplankton at surface (e) end near botton (b)
layers.
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Fig.VI.3. The dominont species qnd cell numbers of benthic mlcro olgoe on the loke sediment 1972Xコ
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Fig.VI.5. The dominont species
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Fig.vI;15a. Ctr values between benthos in two different substrates, stone and sarid.
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Table V■ .3.1.    Relative abundance of littoral benthic a19ae

|＼

Cyano- Bac'illa- Chloro-
phyta riophyta phyta
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5

5

7-1
2

3

8-1
3
9-1
2
3

10-1
2

4
7

11-1
2

3

12‐ 0
1

1-0
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０
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０
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０
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０
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０
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０

０
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０
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０

０
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０
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０

０

０
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０
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０
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０
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０
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０
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０

１

０

９

６

９

８

８

６

０

９
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２
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９
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９
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２
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６
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０
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５
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０
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０
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０

０
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０
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０
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４

０

０

７

９

０

０

１

７

２

７

５

０

０

０



ヽ●

●●
●

o
Relative abundance t littoral benthic alqaeTable VI.3.2.

Cyano- Orypto- Chryso- Bacil 1a- Chloro-
phyta phyta phyta riophyta phyta
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０
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２
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０

０

０
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０
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０
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０

０

９

９

６

６
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０
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０
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０
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０
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０

０
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０
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０
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０

０
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０

０
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Table VIE.3.3.I  Relative abundance of littoral benthic algae
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Anabaena sp.

Aphanocapsa dellcatlsslrna

Aphanocapsa elachista v. planktonica

Aphanothece nldulans

Chamaesiphon afiicanus v. minimus

Chan. cylindricus
Cham. rostaflnskll
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Phormldlum sp.
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Table lvコ圧.l   Crowth Of Frogilario pinncto (including二 。 pinnatc v. loncettulo)

ond growth indexes bosed on cell numbers under different light intensities.

G■ucose
(■g / ■)

0

light intensity
(■uX)

2000

100

0

G.I.

■.0

■。0

■.0

■。0

■.0

1。 0

4.5

■.2

■.2

3.5

■.7

2.0

G.I.

3。 O

O.9

1.0

2.9

1.3

1.4

■8.5

2.0

1。 ■

14.4

3.4

3.■

■2.3

■.5

0.9

12。 0

2.6

2.2

26.4

4。 2

3.5

22.0

3.2

2.5

Day 15
Cel■ number (104)  G。 ■.

34.3       22。 9

2.6       2.0

■.■       0。 9

０

　

０

　

０

０

　

０

０

　

１

２
■0

■.5

■.3

■.2

■.2

■.3

■.4

Day O Day 5
Ce■■ number (■ 04) Ce■l number (■ 04)



Fig.Vltr.l Growth of F. pinnoto (including f . pinnoto v. Ioncettulo)
in different light intensities, with ond without glucose.
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