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Ecology of Large Phytoplankters in Lake Biwa · 
Population Dynamics and Food Relations 

with Zooplankters0
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KEIICHI KAWABATA 3 ) 

Otsu Hydrobiological Station, Kyoto University, 4-1-23, Shimosakamoto, Otsu 520-01 

Abstract 
Seasonal changes in the abundance and vertical distribution of 6 dominant large phytoplankters 
were investigated in the north basin of Lake Biwa from January 1984 to April 1986. Pedi
astrum biwae showed a regular annual abundance peak, but the abundance of Melosira solida, 
Asterionella f ormosa and Staurastrum dorsidentiferum at their seasonal peaks varied from year 
to year. Neither Fragilaria crotonensis nor Closterium aciculare occurred seasonally. All species 
were distributed in the epilimnion during the stagnation period, and throughout the water column 
durin~ the circulation period. M. solida and F. crotonensis sank to deeper layers at the end of 
their propagation period. Gut analyses of the 2 dominant herbivorous zooplankters, Eodiaptomus 
japonicus and Daphnia longispina, showed that the former ingested M. solida and F. crotonensis, 
while the latter ingested M. solida and C. aciculare. The cell numbers of M. solida and F. 
crotonensis in the gut of E. japonicus were highest in adult females. No population of large 
phytoplankters was affected by the grazing of E. japonicus and D. longispina. 

PORTER (1977) divided freshwater phytoplankters into 3 groups according to their responses 

to the grazing of zooplankters. The first group contains small and digestible species, and 

suffers heavy grazing pressure. The second group contains large, unicellular desmids and 

dinoflagellates, filamentous diatoms, and colonial blue-green algae, and these large phytoplankters 

are unaffected by grazing. The third group contains those species which are capable of viable 

gut passage. These species take advantage of being grazed by absorbing nutrients during 

gut passage. The species composition of large phytoplankters in Lake Biwa differs markedly 

from that in other Japanese lakes (NAKANISHI 1984). For example, the endemic species, 

Pediastrum biwae Negoro, and 2 rare species, Melosira solida Eulenstein and Staurastrum 

dorsidentiferum W. et G. S. West, occur abundantly in Lake Biwa. In order to obtain funda

mental information on the life histories of large phytoplankters, an investigation was made of 

the seasonal changes in their abundance and vertical distribution in the north basin of Lake 

Biwa. 

When large phytoplankters are ingested by zooplankters, their cell walls or frustules remain 

undigested in the gut. Therefore, the grazing on large phytoplankters by zooplankters can be 

studied by gut analysis, the only access to natural food relations. The gut contents of Eo

diaptomus japonicus (Burckhardt) and Daphnia longispina (0; F. Muller), the dominant her-
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bivorous zooplankters at the study site (KAWABATA 1987, unpubl.) were analyzed to ascertain 

whether large phytoplankters were grazed by them in situ. 

To test the null hypothesis that large phytoplankters are affected by grazing, the grazing 

rates of E. japonicus and D. longispina were overestimated by using the maximum cell number 

in the gut and the minimum gut passage time. The test was only performed on declining 

phytoplankter populations, because loss factors are important in the declining phase. 

Materials and Methods 
Lake water was collected at a fixed station (72 m deep, Station 0 in KAWABATA 1987) in the 

north basin of Lake Biwa at intervals of a week to a month from January 1984 to April 1986. 

Samples were collected with a Van Dorn sampler (capacity, 3 1) at 5-11 (mean, 7 .1) depths at 

intervals of 10-20 m (2.5-5 m in the epilimnion) from the surface to the bottom. Water 

temperature at each depth was also recorded. 

For each depth, a 200 ml sample of lake water was fixed with Lugol solution and concen

trated to 0.4 ml (0.6 ml or more when phytoplankters were abundant) by natural sedimentation. 

Four subsamples of 0.9 µl each were mounted on blood corpuscle counting chambers. With a 

phase-contrast microscope, cell numbers were counted, cell contents were examined, and cell 

size was measured with an eyepiece micrometer. 

Abundance in unit water column was calculated assuming that abundance in unit volume 

changed linearly between successive depths. When abundance exceeded 106 cells cm-2 (5X105 

cells cm-2 in unicellular species), quartile depths were calculated. These divided the abundance 

into 4 equal parts, the second quartile depth being regarded as the median depth. After 

combining data from all depths, the proportion of apparently viable cells (n> 1,000), termed 

viability, and the frequency distribution of cell number per colony (n>200) were calculated. 

At the same time, zooplankters were collected with a Schindler-Patalas trap (for 

details, see KAWABATA 1987). Samples were concentrated by filtration through a plankton 

net, anaesthetized with ice cubes or carbonated water, and fixed with formalin. After 

clearing zooplankters with sodium hypochlorite solution (INFANTE 1978) their gut contents were 

examined with a differential interference microscope. D. longispina was divided into 4 size 

classes (0.6, 0.8, 1.0 and 1.2 mm) by the distance from the center of the eye to the base of 

the caudal spine. On each sampling date, 10 or more individua1s were analyzed for each 

developmental stage of E. japonicus or each size class of D. longispina. 

To estimate the effects of grazing on a declining phytoplankter population, the upper limit 

of the grazing rate of E. japonicus and D. longispina, termed G (cells m-2 d-1) was calculated. 

where i is the stage of E. japonicus or the size class of D. longispina, p, the abundance of 

zooplankters (KAWABATA 1987, unpubl.), g, the maximum cell number in the gut, and t, the 

minimum gut passage time ( =4 min) (PETERS 1984). 
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Results 

Phytoplankters 

Six species of large phytoplankters became abundant during the study period: 3 species of 

colonial diatoms, M. solida (colony width, 10 µm X length, 23 µm ceU-1), Fragilaria crotonensis 

Kitton (colony width, 70 µm; length, 4 µm ceU-1) and Asterionella jormosa Hassall (colony 

diameter, 160 µm), a colonial green alga, P. biwae (colony diameter, 80-180 µm), and 2 species 

of unicellular desmids, Closterium aciculare T. West (cell width, 5 µm; length, 400-600 µm) 

and S. dorsidentiferum (cell diameter, ca. 100 µm). 

1. Melosira solida 

In 1984, M. solida was abundant in spring and was uniformly distributed throughout the water 

column until mid-April (Fig. lA, B). In late April, the lake water was not fully circulated 

and 3 quarters of the population was distributed at below 40 m depth. The population remained 

in the hypolimnion with high viability until August (Fig. lA). The proportion of short colonies 

was low in spring when the population was growing, but was high in August (Fig. lC). M. 

solida sank at the end of the circulation period and probably survived in the hypolimnion 

without growing. It reappeared in the epilimnion in October, but its abundance remained low 

until December. 

In 1985 and 1986, higher abundance and higher proportion of long colonies were also 
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Fig. 1. Seasonal changes in abundance (A), vertical distribution (B) and colony composition 
(C) of Melosira solida. A: abundance (line) and viability (plots), B: median depth 
(plots) with interval from the first to third quartile depth (bars) and isotherm in °C 
(line), C: frequency distribution of cell number per colony (1-4, lower open columns; 
5-9, solid columns; 10 and over, upper open columns). 
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observed during the circulation period (Fig. lA, C), at the end of which M. solida sank to the 

hypolimnion (Fig. lB), as also seen in 1984. 

2. F ragilaria crotonensis 

In 1984, F. crotonensis was abundant in summer, was confined to the epilimnion in June and 

July, and sank to the_ hypolimnion from August to September (Fig. 2A, B). The median 

depth at which this species was found inc:ease? at an average rate of 0.64 m d-1• While 

sinking, both abundance and ·viability decre~sed and the proportion of short colonies became 

higher (Fig. 2). 

F. crotonensis was found throughout the water column in the spring o{ 1984, and in the 

epilimnion in the summer of 1985 (Fig. 2A, B). In 1985, its abundance was low and sinking 

could not be accurately followed. 

3. Other Species 

A. formosa was abundant only ~uring the late circulation periods of 1984 and 1986, and 

$how~d a uniform vertical distribution (Fig. 3A, E) .. Most colonies were. composed of 4 or 8 

cells. Viability became low when the population was declining. 

P. biwae was abundant from September to November in both 1984 and 1985 (Fig. 3B). 

It was confined to the epilimnion during the stagnation period, and dispersed into deeper layers 

by water mixing in early winter (Fig. 3E). Most colonies were composed of 32 cells. The 

viability of P. biwae could not be determined due to the pale cell contents. 

C. aciculare was abundant in June 1985, while S. dorsidentiferum was abundant from July 
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Fig. 2. Seasonal {:hanges in abundance (A), vertical distribution (B) and 
colony composition (G) of Fragilaria ~rotonensfr. A, B: as in Fig. lA, B, 

:· . C: frequency distribution of cell number. per colony (1-20, lower ope11c 
columns; 21-40, soli.d columns; 41 and .over, upper. open columns). . 
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Fig. 3. Seasonal changes in abundance (A, B, C, D) and vertical distribution (E) of Asterion
ella formosa (A, solid circles in E), Pediastrum biwae (B, open circles in E), Clos
terium aciculare (C, solid triangles in E) and Staurastrum don dentiferum (D, open 
triangles in E). Representation is as in Fig. lA, B. 

to August 1984 (Fig. 3C, D). Both species were distributed in the epilimnion (Fig. 3E). 
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Of the 6 species studied, only P. biwae showed regular annual abundance peaks (Fig. 3B). 

M. solida, A. formosa and S. dorsidentiferum became abundant in fixed months, but their 

abundance varied from year to year (Figs. lA and 3A, D). Neither F. crotonensis nor C. 

aciculare occurred seasonally (Figs. 2A and 3C). 

Gut Contents 

The 6 species of large phytoplankters were distributed in the same layers as E. japonicus and 

D. longispina except for the periods when phytoplankters were sinking (KAWABATA 1987, 

unpubl.). 

1. Eodiaptomus japonicus 

E. japonicus contained green matter in the gut from nauplius stage II, and broken frustules 

of M. solida and F. crotonensis from copepodite stage V (CV). The cell numbers of M. solida 

and F. crotonensis were highest in the guts of adult females (Fig. 4A, B). 

In February and March 1984 and 1985, when M. solida was abundant and the proportion 

of long colonies was high, adult females contained few M. solida cells (Figs. lA, C and 4A). 

But from October to December 1984, when M. solida was less abundant and the proportion 
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Fig. 4. Seasonal changes in cell numbers of Melosira solida (A) and Fragilaria crotonensis 
(B) in the gut of Eodiaptomus japonicus, and M. solida (C) and Closterium aciculare 
(D) in the gut of Daphnia longispina. A solid circle with a bar represents the median 
with the 95% confidence interval; an open circle, the maximum. 

of long colonies was lower, they contained more cells. It seems that E. japonicus could hardly 

handle M. solida when long colonies were dominant. The cell number of F. crotonensis in 

the guts of adult females fluctuated, but was generally high when F. crotonensis was abundant 

(Figs. 2A and 4B). A. formosa, P. biwae, and S. dorsidentiferum were seldom found and 

C. aciculare was never found in the gut of E. japonicus. 

2. Daphnia longispina 

Broken frustules of M. solida and empty cells of C. aciculare were found in the gut of D. 

longispina. Most of the cells of C. aciculare were cut in half. The larger size classes of D. 

longispina contained the more cells (Fig. 4C, D). F. crotonensis, A. formosa, P. biwae, and 

S. dorsidentiferum were seldom found in the gut of D. longispina. 

3. Grazing Effects 

Although grazing rate was overestimated by using the maximum cell number in the gut and 

the minimum gut passage time, the calculation revealed that E. japonicus and D. longispina 

grazed only a negligible portion ,of M. solida, F. crotonensis and C. aciculare populations when 

phytoplankters were declinir~g (Table 1). Similarly, only small numbers of A. formosa, P. 

biwae and S. dorsidentiferum were grazed. Therefore, no population of large phytoplankters 

was affected by the grazing of E. japonicus and D. -longispina. 
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TABLE 1. GRAZING EFFECT OF Eodiaptomus japonicus AND Daphnia longispina 
ON DECLINING PHYTOPLANKTER POPULATIONS. 

Date G Abundance lOOG/ Abundance 
(109 cells m- 2 d-1) (109 cells m - 2) (% d-1) 

Melosira solida 
13 March 1984 1. 24 124 1. 0 
27 March 0.61 128 0.5 
9 April 1.15 112 1. 0 

Fragilaria crotonensis 
24 July 1984 0 154 0 
13 August 0.85 131 0.6 
20 August 1. 03 109 0.9 

Closterium aciculare 
24 June 1985 0.11 10.5 1. 0 
3 July 0.22 6.4 3.5 

Discussion 
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As shown by REYNOLDS et al. (1982) for colonial diatoms, M. solida and F. crotonensis were 

eliminated by sinking and not by grazing (Figs. 1 and 2, Table 1). M. solida began to sink 

at the end of the circulation period and survived in the hypolimnion. Conversely, F. crotonensis 

sank during the stagnation period and finally disappeared. The present sinking rate (0.64 m 

d- 1
) fell within the range of that measured for a declining F. crotonensis population by REYN

OLDS & WISEMAN (1982), who concluded that the sinking loss of colonial diatoms increases 

with the formation of the thermal stratification and the senescence of cells. It seems that the 

former cause of sinking was important for M. solida, and the latter for F. crotonensis. M. 

solida probably showed a seasonal abundance pattern because it could survive in the hypo

limnion until the next circulation. Melosira italica subarctica also showed such an ability 

(LUND 1954). 

The guts of E. japonicus and D. longispina often contained M.solida, but seldom contained 

P. biwae and S. dorsidentiferum. These findings are consistent with the suggestion of OKA

MOTO (1984) that E. japonicus and D. longispina prefer M. solida, but not P. biwae or S. 

dorsidentiferum. · By gut analysis, NADIN-HURLEY & DUNCAN (1976) found that Daphnia 

spp. ingest narrow (7 µm) and long (up to 600 µm) filaments of Tribonema spp., and concluded 

that ingestion is limited by the width rather than the length of a particle. In the present 

study, D. longispina also ingested narrow and long bodies of M. solida and C. aciculare. E. 

japonicus, however, ingested wide F. crotonensis colonies, but not narrow C. aciculare cells. 

E. japonicus broke hard diatom frustules, but may be unable to handle soft C. -aciculare cells. 

Of 3 colonial diatom species, only A. formosa was not ingested by E. japonicus, probably 

because its colonies were large in 3 dimensions. 

In E. japonicus, the feeding habit on large diatoms changed markedly from CV to adult 

in females, but only slightly in males (Fig. 4A, B). Preliminary observations had shown the 

morphology of the feeding appendages of adult females to be similar to those of CV females 
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and adult males. Calanoid copepods capture and handle large particles with active coordinated 

movements of the appendages (PAFFENHOFER et al. 1982, VANDERPLOEG & PAFFENHOFER 

1985) and thus, in E. japonicus the active mode of algal capture may fully develop only in 

the:adult female. 
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