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Abstract. Size-selective feeding activities ofDaPhnia longisPina h7alina and EediaPtomttsjaPonictts on natural phy-

toplankton composing of the large (150-70 pm), rniddle (7e-25 ptm) and small (<25 ptm) fractions, which were

separately labelled by i4C, were examined `F5 times a day in summer, autumm, l976 and spring, 1977, under in

situ conditien. The changing patterns offeeding rates ofboth zooplankters showed no pronounced diurnal rhythm

and had no relation te their vertical migration. From an economical viewpoint, or the daily carbon balance, a

possible relationship between the nutritional state and the diurnal changing pattern offeeding activity in zooplankton

was hypothesized. DaPhnia selected consistently the small fraction, while EodiaPtomus exhibited the small selection

in summer and autumn, and non-selection in spring. Such selective feedings were primarily consecutive throughout

a day. The food-size selection of the zooplankters may be unchangeable during a day when the quantity and

quality of food does not change diurnally.

                                  1. introduction

    Diurnal variation in the feeding activity of zooplankton has a fundamental meaning for

any attempt to understand energy flows and trophic interrelationships within pelagic eRviron-

ments. Since the work of Nauwerck (1959), the diurnal feeding activities of freshwater her-

bivores, particularly daphnids and diaptomid copepods, have been studied either through the

direct measurement of their feeding and filtering rates under both in situ and laboratory condi-

tions, or through the diurnal observation of their gut fullness in field. Consequently, the

following three patterns of the diurnal feeding activities have been known; (1) unimodal
change with the increased activities at night (Starkweather 1975; Hart 1977), (2) bimodal
change with special rises of the activities either at twilight periods (Nauwerck l959; Haney &

Hall l975; Duval & Geen 1976) or in no relation to such periods (Chisholm et al. I975), and

(3) no pronounced diurnal changes (Haney & Hall 1975; Gliwicz l977). The existence of
the diurnal changes has been discussed in relation to some factors such as endogeRous rhythms

(Starkweather l975; Duval & Geen 1976), temperature (Chisholm et al. 1975), light (Haney &

Hall l975), vertical migration (Haney 1973; Haney & Hall l975; Hart 1977) and nutritional
history of zooplankters (Starkweather 1978).

* Contribution from Otsu Hydrobiological Station, Kyoto University, No. 294 (Foreign Language Series).
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    However, there is no satisfactory consistency among both these patterns and those relations

to the endo- and exogenous factors. Such an inconsistency seems to be marked in the field

works, in which no deep attention was given to the complexity of natural food conditien and

also to selective feeding of zooplankters.

    Apparently, the small particles selection of DaPhnia species is maintained by rejection

against large particles (Gliwicz & Siedler l980; Okamoto l984), and the food selection of
calanoid copepods is related to either rejection against unwanted particles or raptorial seizing of

preferable ones (Alcaraz et al. I980; Poulet & Marsot 1980). As pointed out by Vanderploeg
(l981), feeding rate on natural phytoplankton must be measured together with food selection

because of the strong interaction between these processes. However, there has been no field

study treating of the whole phytoplankton assemblage, and in addition it has been hardly
examined whether the selective feeding can be maintained over the 24-hour period.

    Thus, the present study aims to examine the diurnal variations not only in the feeding
rates but also in the size-selective feeding of dominant herbivorous zooplankters for a natural

phytoplankton assemblage under in sc'tu conditions in a pelagic area of Lake Biwa.

                           2. Materialsandmethods

    Diurnal changes in size-selective feeding activities ofDaPhnia longisPina hyalina (Cladocera)

and EodiaPtomttsjaPonictts (Calanoida Copepoda) for a natural phytoplankton assemblage were

examined under the in situ condition in summer and autumn of l976, and spring ef l977. The

study site (44 m deep) was located in a pelagic area of the main basin of Lake Biwa (Fig. 1).
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Fig. 1. The location of the expeimental site (S)
where the in situ feeding activities of zooplankters
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    Time schedule of the diurnal feeding experiment in the three seasons is shown in Fig. 2.

The feeding rates of these zooplankters were measured at the depth of 5 m four times in a day

in summer and five times in autumn and spring (Fig. 2). At the same time, vertical distribu-

tion of zooplankton population was examined with vertical hauls of a plankton net (67ptm
aperture) in the summer experiment and with a Schindler-type zooplankton sampler (40 liter

in volume with a net of 45 ptm aperture) in the autumn and spring experiments.

    Also to know the quantity of food resources for the zooplankters, the standing crop of

phytoplankton was examined vertically at an interval of about 6 hours during a day. The
phytoplankton sample was divided into three different size groups of <150 ptm, <70 ptm and

<25gem with screens, and chlorophyll a amount of each size group was measured by the
method ofLorenzen (1967). Particulate organic carbon (POC) and nitrogen (PON) amounts
of each group were also measured with a CHN analyzer (Yanako, MT-2 type). Amounts of
chlorophyll a and POC in the three sized algal fractions of 150-70ptm (large), 7e-25pm
(middle) and <25 ptm (small) were calculated by subtraction between the respective two algal

groups described above.

    As environmental factors, water temperature and pH were measured vertically and trans-

parency with a Secchi disk was measured. Light attenuation into the water was measured
with an underwater-photometer except the spring experiment.

    The procedure of the in situ feeding experiments is as follows. A natural phytoplankton

assemblage from the 5 m depth was sampled about 5 hours before starting the feeding experi-

ment. The phytoplankton assemblage was firstly fiItered with a screen of 150 ptm aperture to

remove zooplankton. The filtrate was then divided into three different sized fractions consist-

ing oH50-70 ptm, 70-25 ym and <25 ptm with screens. Each of these fractions was parted
into the two portions; one is a group labelled with i4C using NaHi4C03 solution and the other,

a non-labelled. The two groups were incubated for about three hours under the saturated light

condition. After incubation, one labelled fraction was mixed with the two other fractions non-

labelled. Three kinds of food mixture in which either of the three size fractions was labelled

with i4C were prepared. The detailed process of preparation of the food mixture has been

described by Okamoto (l984).
    The zooplankters were collected at each experirnent time by a vertical haul of a plankton

net (150 ptm aperture) from lem to the surface in the summer experiment, and at the 5m
depth by the Schindler-type zooplankton sampler (l50 ptm net) in both of the autumn and

spring experiments. They were immediately put into a feeding glass chamber (l liter in
volume), in which the food mixture had been already prepared. Then, three feeding cham-
bers with the respective food mixture were submerged immediately to the 5 m depth for IO
minutes. In summer, the experiments were carried out at the l5 m depth as well. After IO
minutes-feeding, the zooplankters were heat-killed and the radioactivities of them were
measured following to the necessary process for treating them (cÅí Okamoto 1984).

    Feeding rate of each size class of DaPhnia and Eodiaptomtes was calculated on each of the

three algal fractions in the way described by Okamoto (1984), but with no revision for rejection.

Because, it was expected that the zooplankters in the lake might have been well acclimated to

the natural food condition.

    In sumrner, another in situ experiment using cultured alga (Selenastrum sp.) as food was
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carried out eight times from July 22 to 23 in order to examine the diumal change in the feeding

rates in detail. The alga, being unicellular and approximately 8 ptm in size, appears to be

favourable food for the zooplankters. The experimental time through a day and the food
concentration of the cultured alga are shown in Table 1. The food concentration in each
experiment was set up about 400ptgC•l-i, which corresponded to an almost half of the total

concentration of the natural phytoplankton assemblage (cÅí Table 2).

Tabie 1. The food concentrations ofcultured algae used for the in situ feeding experiments on 22 and 23, July.

date July 22 July 23

time l6;OO I8: 30 21: OO 24: OO o3: oo os: eo o7: oo 11:30

food concentrations

   (ptgca-i) 363.2 403.4 394.1 390.8 413.6 359.7 422.7 368.4

    The experiment was carried out as follows; the cultured alga labelled with i4C previously

was suspended at a given concentration in a feeding chember (1 liter in volume) fi11ed with the

filtered lake water (the Whatmann GFIC glass fiber filter was used for filtration of the lake

water). The zooplankters sampled by a vertical haul from le m to surface were put into the

chamber. Immediately, the chamber was put under the water depths of5 m and l5 m. The
feeding time and other treatment of organisms after the feeding experiment were same as those

in the experiment using natural phytoplankton.

                                  3. Results

3-1. Environmental cenditions in the feeding experiments

    Whenever the diurnal in situ feeding experiments were carried out, it was a fine day.

Figure 3, showing the vertical distributions of water temperature and pH at the experimentai

site, suggests the water stratification in the summer experiment, the considerable vertical mixing

of water in the autumn one, and a weak thermocline formation in the spring one.

    The temperature at the experimental depth (5 m), where the feeding chambers were
submerged, changed from 250C in the daytime to 220C in the nighttime in summer. However,
it was constant during a day in autumn (l40C) and spring (ltl--150C).

    In summer, the pH value changed diurnally from 8.4 to 9.2 in the epilimnion, tending to

be slightly lower in the morning than in the afternoon. It was constant at 7.2 in autumn, and

in a range of 7.<F7.6 in spring.

    A Secchi disk reading changed from 4.l m to 3.5m in the summer experiment. The
light extinction coeMcient was calculated as O.44 m"i in the former case and O.55 m-i in the

latter. In autumn, a Secchi disk depth of 6.2-6.5 m was recorded and the light extinction

coeracient was approximately O.30 mrmi. In spring when the light intensity in water was not

measured, a Secchi disk recording was 3.9 m, suggesting that the extent of the light attenuation

into water might be similar to that in summer.

    Figure 4 shows the vertical distributions of chlorophyll a (chl. a) amount ln the large

(l50-170 ptm), middle (7e-25 ptm) and small (<25 ptm) fractions of phytoplankton assemblage
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) autumn

on the experimental day in summer, autumn and spring.
    In summer, the chl. a amounts were very variable vertically, but not so much diurnally.

A large amount of total chl. a was observed at thg epilayer of 2.5 te 10 m. In the euphotic

zone, 17O/. of the total chl. a amount on the daily average was occupied by the large fraction,

56.80/. by the middle one, and 27.40/o by the small one. The small fraction biomass was par-

ticularly high in the shallow layer above 5 m depth.

    In the autumn phytoplankton assemblage, the chl. a amount in every fraction was nearly

constant in the water stratum from surface to 35 m depth during a day. In the euphotic zone,

the large fraction occupied 34.40/o of the total chl. a, the middle one 23.40/. and the small one

42.3O/,.

    In spring, the chl.a amount in the upper layer above the 2e m depth was not largely
variable in a range of 3 to 4.5 mg•m-3 at any depth. The small fraction was most abundant in

the phytoplankton assemblage at any depth. It contributed to 66.2O/. ofthe total chl. a amount

in the euphotic zone, while the large and middle fractions occupied l4.I and l9.8O/,, respectively.

3-2.

were

 Vertical disuibution of the zooplankters
In each experimental series, five vertical profiles

 determined over the 24 hours; noon, dusk, mi
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distributions were expressed as a percentage of the entire population in the water column
according to the depth (Figs. 5, 6 & 7).

(Summer). As shown in Fig. 5, DaPhnia did not exhibit the diurnal vertical migration, but

continued to stay mainly in the epilayer above 5 m depth during both the daytime and night-

time. More than 900/. of the population was distributed in the column above l5m depth.
There were found few individuals in the deeper layer than 20 m. The minimun size class ofa

daphnid collected was e.<FO.6 mm long, and the maximum, 1.4-l.6 mm long. The medium
size daphnid (O.6-i.2 mm) comprised 800/, of the population.

    On the other hand, Eodiaptomzts exhibited the diurnal migratory patterns of up- and down-

ward moving. Nevertheless, most parts of the population (72-930/o) were found above the
depth of l5 m and only 2-80/. of it, below the depth of2e m, over the 24 hours. It indicated

that the vertical migration of EodiaPtomus occurred mainly within the epilimnion above the

thermocline. Four animal size classes (O.2-i.emrn) were distinguished, while the large
animals (O.6-1.0 mm) comprised more thaR 7eO/. of the population.

(Autumn). Both of the Daphnia and EodiaPtomtts popuJations were distributed over the whole

water column throughout the day, and increased numerically at midnight (24: OO), especially

in the deep layer (Fig. 6).
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    DaPhnia appeared to migrate vertically, but a considerably

or less IO animals•1-i) was always present at the depth above IOm

density was not so small when compared to the maximum density
It is seemed, therefore, that the diurnal vertical mi

of the population was comprised by the medium size daphnid
small one (e.4-O.6 mm).

    Eodiaptomus tended to avoid the residence in the epilayer above

areund at IO m depth in the daytime, while it recovered the epil

time. At the same time, however, the population density increased
limnion. It is uncertain whether this increase is
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or not. A large part of the entire population was composed of the medium size animals (O.tl-

O.8 mm). .(Spring). DaPhnia was distributed over the whole water column, while it disappeared from
the epilayer at noon and turned up again in the nighttime (Fig. 7). A peak of the population

density was found around at the depth of5 to IO m during the day. It suggested that the
main part ofDaphnia population migrated in a small scale within the epilimnion. More than
80e/, of the population consisted of the small animals (O.tFO.8 mm).
          ,    The vertical profile of EodiaPtomus was similar to that ofDaPhnia (Fig. 7). The disappear-

ance from the epilayer took place at noon, while the night residence was recovered there. The

depth at which the densest population was present varied from 5 to IO m throughout the day.

It suggested that a moderate migration of EodiaPtomtts occurred within the epilimnion, as well

as in Daphnia. The small copepod (e.2-O.6 mm) composed more or Iess 900/. of the population.
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3-3. Food eonditions and algal compositions
    Table 2 shows food concentrations of the large, middle, srnall and total fractions in

amount per liter in the experiments. Both the concentrations and proportions of the
algal fractions were different among seasons.

poc
three

Table 2. Food concentrations and food percentages of the

sprlng experlments.

three algal fractions in the summer, autummand

Food Concentration (ptgC•I-i) Food Percentage

fraction
 size

tirne July 21
    ls: oe 21: oo

  July 22
o4: oo m: oe average average range

Summer
Large (15e-70 ptm)

Middle (7e-25 ptm)

Small (<25ptm)
     Total

535.9

147.0

150.8

833.7

574.0

143.8

218.2

936.e

544.2

l46.2

216.8

9e7.2

462.7

155sO

183.1

800.8

529.2

l48.e

192.2

869.4

6e.go/,

17.10/.

22.10/,

(57.8-64.3)

(15.g19.4)

(18.1-23.9)

fraction
 size

tirne Nov. 19
    l2: OO 18: OO 24: OO

   Nov. 20
e6: oo 12: oo average average range

Autumn
Large (150-7e ptm)

Middle (7CF25 ptm)

Small (<25ptm)
     Total

41.7

 70.4

l55.4

267.5

43.0

 72.4

158.6

274.0

46.0

 76.5

157.7

28e.2

 52.e

 67.4

128.5

247.9

 47.3

 52.5

I34.0

233.8

 46.0

 67.8

146.8

260.7

17.80/,

25.90/.

56.3 0/.

(l5.6-21.0)

(22.5-27.3)

(5I.8-58.1)

fraction
 size

time May 19
    12: oe lg: oo 24: oo

   May 20
e4: oo !2: oo average average range

Spring

Large (15e-7e ptm)

Middle (70-25 ptm)

Small (<25ptm)
     Total

 70.3

 93.1

208.8

372.1

 69.1

105.3

209.8

384.2

 71.8

 94.7

274.e

44e.5

 66.2

 79.3

236.6

382.1

 77.4

 80.9

204.4

362.7

 71.0

 9e.7

226.7

388.3

18.40/,

2s.4o/.

58.20/.

(l6.3-21.3)

(20.8-27.4)

(54.6-62.2)

    In summer, the daily average concentration was about 530 ptgC•1-i in the large fraction,

l48pgC•1-i in the middle one, and l92 ptgC•l-i in the small one, resulting in 87eptgC•lmi in

total. A large part of the food (61O/.) was composed of the Iarge fraction, while 17O/, and 22 O/,

of it was occupied by the middle and small fractions, respectively.

    All algal fractions showed the lowest food concentrations in autumn. The average POC
amount was 261 ptgC•lmi in total, some 560/o of which was supported by the small fraction,
260/. by the middle one and 180/. by the iarge one.

    In spring, the food amount (average: 390ygC•1"i) was a little more abundant than in
autumn. The small fraction was most abundant and occupied 580/. of it. The middle and
large fractions accounted for 23 O/. and 180/o of it, respectively.

    As shown in Table 3, the species composition of phytoplankton was distinctly different
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Table S. The species compesitions and densities ofphytoplankton in the three fractions used for the in situ feeding

experiments. The density is shown in the number of cells per ml.

date july 22, 1976 Nov. l9, 1976 May 19, l977

   .specles

fraction size 150-7e
 ptm

70-25
 ptm

i 150-ro

 #m
70-25
 ptm

 .25; 150-70
 ptm

70-25
 ptm

 .25i
Staurastrum dorsidentt:fTerum

S. tohoPekaligense
Closterium aciculare

Xanthidium hasttJferum

SP]rogyra sP.

Ooc"stis sP.

SPhaeroc"stis schreeteri

Ankistrodesmtesfalcattts

Pediastrum Biwae

Ceelastrum cambricum

Eudorina elegans

Asterionellaformosa

Fragitaria crotonensis

Metosira granulata

M. italica
M. solida
Cocconeis sPP.

StePhanodiscus carconensis

MerdsmoPedia elegans

APhanothece sP.

Microaystis aeruginosa

Ceratium hirundinella

ultraplankton

269.1

 2.2
 2.9
  1.5

  6.6

15.4

 5.1

"
l

'

l

42.1

 l.O

12.2

57.I

 l.3

IO.5

 6.3

 l.8

l5  ,l

3.8

82.5

37.5

le.o

11.3

1790.e

z:g

37.8

17.4

O.8

e.3

12.6

3.8

l38.3

 O.6

(l.9)

1.4

71.3

303.8

 21.S

6480.0

ogl

52.5

*

5.7

 2.3

48.5

H.3
 38
 2.5

2375.0

total cell number 304.0 139.8 1935.e 58.8 157.8 6876.8 59.9 56.5 2392.5

The parenthesis means colony number.

* The number ofcells per ml was less than O.1.

not only among the three fractions in a given experiment but also in a given fraction among

the three seasons.

    In summer, the large fraction consisted mainly of the Iarge desmid, Staurastrum dorsidenti-

ferum, which was followed by some diatoms and green algae with a few cell number like Fragilaria

crotonensis, Melosira italica and SPirogptra sp. The middle fraction included 11 species, the main

members of which were SPhaeroclstis schroeteri and S. dorsidentzferam. A few number of Ooc]stis

sp., Eudorina elegans, F. crotonensz's and MerismoPedia elegans were also found. The small fraction

contained a great number of unidentified ultraplankton, which dominated over 5 other inden-

tified species like Oocystis sp. and S. schroeteri.

     In autumn, the chained diatom, Melosira solida appeared abundantly. The large fraction

included Pediastrecm Biwae and M. solida as the two main components. The most numerical
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component in the middle fraction was M. solida. Seven other species except S. schroeteri were

very scarce in number. The small fraction was occupied by a large number of ultraplankton,
although it contained on!y a considerable number of the 3 species, small sized M. solida, Ooc"stis

sp. and Cocconeis sp.

    In spring, both of the large and middle fractions were dominated by the diatom, F.
crotonensis. The small fraction consisted ofultraplankton, additionally containing a few number

of some species.

3-4. Diurnal changes in feeding rates
    Figures 8, 9 and 10 show the diurnal changes in feeding rates ofDaphnia and EodiaPtomus on

the three algal fractions in the summer, autumn and spring experiments, respectively. Both

zooplankters of any size classes exhibited the continuous feeding throughout a 24-hour period

in every experimental series. However, the pattern of diurnal change in the feeding rate was

not consistent among the three seasons in both DaPhnia and EodiaPtomus, while appeared to be

similar between both the zooplankters in one series.

Summer ExPeriment. The feeding rates were determined at 5m and l5m depths. In the 5m
measurement, the daytime feeding rates tended to be higher than the nighttime ones in most

of the size classes of both DaPhnia and EodiaPtomas. The nighttime decreases were mainly
caused by a remarkable decline of the feeding rate on the small fraction, although the rates on

the two other fractions were slightly lowered in some cases. In Daphnia except the O.6-e.8 mm

size class, the average feeding rate on the small fraction in the nighttime (21: OO, 04: OO) was

21 juEy 22 July
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Fig.8. Diurnal changes in the feeding rates of
DaPhnia and EodiaPtomus on a natural phytoplankton

assemblage in summer. The left side column
represents the rates rneasured at 5 m depth and the

right side one, at l5m depth. Shaded parts
represent feeding rates on the large fraction, stripped

ones, on the middle fraction and open ones, on the

sma}l fraction.
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algal fractions are same in Fig. 8.
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equivalent to l3-340/. of the daytime rate (l5: OO, 12: OO), resulting in reduction of the total

feeding rate to more or Iess 40e/o of the daytime rate. In EodiaPtomus, similarly, the nighttime

feeding rate on the small fraction was lowered to be close to IOO/o of the daytime one, resulting

in the total nighttime feeding rate declined to 440/. of, the daytime one.

    The diurnal changing pattern of feeding rates at 15 m depth seemed to be similar to that

at 5 m depth, except the facts that the feeding rates at noon were not heightened but lowered

and the extent of the nighttime decrease in the rates was Iess. Combining the results in both
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the 5 and 15 m measurements, it appeared that the feeding rate of Daphnia was particularly

high at 15 : eO, decreased at night and afterwards remained at a low level with a little fiuctua-

tion.

    In Eodiaptomus, it was diMcult to compare the feeding rates between the two measurements

in detail, because some of the rates could not be determined due to no samples.

    In the experiment using the cultured alga (Fig. 1l), the pattern of diurnal changes in
feeding rates ofDaphnia and EodiaPtomus was completely different from that found in the series

using natural phytoplankton: In every size class of both zooplankters, the' feeding rate was

maintained at a nearly constant level throughout the diurnal period in both the measurements

at 5 m and 15 m depths. Also, its level was almost same between both depths, suggesting that

such a small difference in depth has only a minor influence on the feeding rates.
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Fig. Il. the feeding rates of Daphnia and EodiaPtomtes on the cultured alga, Selenastrum sp.,
at 5 and 15 m depths in summer.

    The daily average rate of feeding on the cultured alga was about 3-4 times higher than
that on the natural food in any size class of the daphnid and diaptomid, despite that the former

food concentration was below a halfof the latter one. It indicates that the feeding process of

the zooplankters in the natural phytoplankton assemblage was strikingly obstructed probably

due to intensive rejectiop against unwanted food particles in the assemblage, resulting in the

lower feeding rate.
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Autumn Experiment. In both DaPhnia and EodiaPtomtts, the feeding rates tended to decreasewith

time from the first noon to the second noon, except the 1.2-1.4 mm daphnid (Fig. 9). Only
this size class exhibited a nighttime decrease and daytime increase pattern of the feeding rate.

Spring ExPeriment. In both zooplankters, there were no remarkable changes in the feeding rates

threughout a 24-hour period (Fig. IO), except an increase in the feeding rate on the large frac-

tion at the second noon in•some size classes.

A Relation of Feeding Activity to Animal Size. Whether the allometric relation of feeding activity

was kept during a day was examined (Tables 4, 5, 6 & 7). In all of the three seasons, the

feeding rate ofDaphnia on every fraction was highly dependent on the animal size (weight) at

Table 4. The relationships of feeding rates ofDaPhnia longisPina with anima} size in the in situ experiments carried

out at 5 and l5 m deep during a day in summer, l976. The relationships are expressed in a following equation;

F==aWb, where F is feeding rate (Å~!Om4ptgCnyanim."i•min."i), W, animal weight (ptgC•anim.-i) and a and b,

constants.

date July 21 July 22

time ls: oe 2l: OO 04: OO l2: OO

depth fraction size

(5 m) 150-70 ptm   BCr 1.570

O.864

O.883

l.072

O.921

O.872

1.004

O.369

O.608

O.639

L311
o.g2e

7CF25 ptm   Bi  7.520
-O.198
 g.728

e.293

1.970

O.956

1.196

e.683

o.7sg

O.421

1.543

O.911

<25 ptm i, 5.910

e.395

O.809

O.360

1.343

O.893

2.657

O.089

O.O15

2.639

L187
O.995

total /i 9.377

e.676

O.747

l.760

1.274

O.930

5.047

e.324

e.4os

3.489

1.319

O.987

(15 m) lse-7e ptm i, 1.763

O.805

O.815

1.051

l.075

O.925

O.7ca

O.954

O.945

O.367

1.198

O.670

7{]F25 ptm i2 O.235

1.990

O.956

O.508

O.932

e.943

O.147

2.348

O.962

 O.344
-e.227
 e.o37

<25 ptm   2Cr 3.234

l.064

O.770

 5.435
-O.564
 O.831

3.245

O.772

o.g2e

1.056

1.014

O.783

total /i 6.053

e.go6

e.867

6.506

O.183

O.341

4.153

e.937

O.953

3.229

O.S49

O.l85
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most of the experimental times. The b exponent in the power function was much time-variant

in summer (Table 4), while less variable in both autumn and spring (Tables 5 & 6). On the

other hand, the summer experiment using the cultured alga exhibited the relatively stable b

exponents throughout the diurnal period; O.756 and O.817 on the average at 5m and l5m
depths, respectively (Table 7). These values are well consistent with those known for some

Daphnia species fed on cultured algae (Burns 1969). It is suggested, therefore, that the summer

feeding of DaPhnia in nature was remarkably unstable although the size-dependent feeding was

maintained.

Tab}e 5. The relationships offeeding rates ofDaPhnia longisPina

the in situ experiments carried out during a day in autumn, 1976.

F=aWb (See Table 4).

 and EodiaPtomtLs jaPoniczLs with animal sizes in

The relationships are expressed in the equation,

date Nov. 19 Nov. 2e

time 12: OO l8: OO 24: OO 06: OO 12: OO

zooplankter fraction size

150-70 gm i, o.e7o

1.229

O.997

O.041

1.672

o.ge6

O.065

1.709

O.982

e.lol

O.583

O.964

O.090

O.967

O.759

DaPhnia

70-25 ptm   rC2 e.452

1.211

O.986

O.532

1.035

O.963

O.343

1.572

l.OOO

O.211

O.960

O.771

o.4e7

1.048

O.919

<25 ptm g 4.793

1.tl88

o.seo

2.9titi

O.692

e.941

3.515

O.582

e.967

1.484

O.751

O.990

l.soe

O.504

O.999

total

 i
i, 5.318

1.473

e.831

3.404

O.813

o.gse

4r.OOI

O.791

O.993

l.751

O.804

O.968

2.315

O.638

e.987

150--70 ptm i, O.028

l.839

O.976

 o.e37
-2.957
 O.786

O.O13

l.466

O,911

O.O14

l.317

e.323

EodiaPtomus

70-25 ptm F, O.071

e.3o7

O.994

e.124

1.573

O.726

o.o4e

1.272

O.621

o.en
1.539

O.965

O.O19

1.070

O.309

<25 ptm i2 1.512

1.227

e.842

e.721

2.469

O.558

'O.553

l.722

O.999

O.203

1.999

e.693

e.231

1.l92

O.789

total /) 1.616

1.2oe

O.847

1.131

1.678

O.522

O.608

1.684

O.995

O.231

1.943

O.700
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    In summer, EodiaPtomus showed the obvious size-dependent feeding on the cultured alga at

any experimental times during a day (Table 7), but the general feature ofthe allometric relation

in feeding oR the natural phytoplankton could not be ascertained due to few available sets ofthe

feeding rate-body weight relations. The relatively stable size-dependent feeding during a

day was found in autumn (Table 5), but not in spring when theb exponents for the large and
middle fractioRs varied largely (Table 6).

Table 6. The relationships of feeding rates of DaPhnia longisPina

the in situ experiments carried out during a day in spring, l976.

F=:aWb (See Table 4).

 and EodiaPtomus jaPonictLs with

The relationships are expressed

animal sizes in

in the equation,

date May l9 May 20

time 12:eo 19: OO 24: OO 04: OO 12:oe

zooplankter fraction size

150-70 ptm i, O.346

e.414

O.232

O.331

1.149

O.860

O.295

O.594

e.997

O.174

1.438

O.955

2.363

1.346

O.993

7Cl-25 ptm   2} O.555

l.136

O.968

O.407

1.425

O.787

1.119

1.090

O.945

O.415

1.369

O.987

2.470

l.318

O.980
DaPhnia

<25 pm i, 2.243

1.324

O.979

2.453

1.273

O.969

3.463

1.l22

e.gso

2.075

O.902

O.764

3.400

1.324

1.ooe

total   2Zr 3.221

1.2i6

O.976

3.2t},!

l.292

O.964

4.914

1.072

O.961

3.082

1.400

O.889

5.329

l.322

O.648

150-70 ptm s e.273

2.123

O.973

O.108

O.579

O.990

O.216

O.808

O.809

O.099

O.052

O.596

7(}-25 ptm i, O.242

O.720

e.827

O.174

O.457

O.621

e.434

O.915

O.757

O.388

e.292

O.967
EodiaPtomus

<25 pm i, O.325

O.774

e.596

O.531

e.567

O.596

1.291

O.673

O.502

e.825

l.246

O.911

O.745

O.964

O.969

total i, O.895

1.067

e.so4

e.818

O.548

O.670

l.959

e.736

O.597

1.40i

O.821

O.902
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Tab!e 7. The relationships of feeding .rates ofDaPhnia longisPina and EodiaPtomtcsjaPonicus with animal sizes in

the in situ experiments using the mono-cultured alga, Selenastrum sp. The i.n situ experiments were carried out at 5

and 15 m deep eight times in a day onJuly 22-23, 1976. The relationships are expressed in a follewing equation;

F==aWb, where F is feeding rate (Å~10-4ptgC•anim.-i•min.-i), W, animal weight (ptgC•anim.-i) and a and
b, constants.

zooplankter depth ,d ia." 2 Ji"6iY. o2o2 is,3e 2i,oo 24,oo oJ3Y•Yoo23 os:oo e7:oo ii:3o

5m i, 2.450

O.690

O.868

1.3e7 l.570
O.908 O.789
e.959• O.982

1.641

O.782

O.980

1.508

O.798

O.981

l.716

O.709

O.995

2.e58

O.720

e.946

l.555

O.649

O.986

DaPhnia

15m /i 1.282

O.741

O.981

1.l85

O.586

O.907

lsoe
O.806

O.992

1.352

O.854

e.976

1.380

O.932

O.991

1.802

O.895

O.994

1.72e

O.867

O.996

l.338

O.858

e.968

5m i, l.701

O.626

O.997

O.880

O.632

e.988

1.041

O.804

O.963

e.926

O.594

O.958

O.377

O.912

e.g4o

EodiaPtomtts

15m g 1.085

O.902

1.ooe

O.856

O.574

O.977

O.623

l.025

O.925

O.895

e.7l8

O.815

e.936

e.632

O.952

O.398

O.661

O.917

3-5. An estimation of the daily rations and the daily carbon balance

Daill Rations. Table 8 shows the daily food intake from each algal fraction and the total rations

ofDaphnia and EodiaPtomtts. The total rations were compared with body carbon weight of the

zooplankters.

    Both zooplankters relied a large part of their rations on the small fraction, the average

contribution ofwhich was 53.7O/o in summer, 85.7O/o in autumn and 64.80/, in spring in Daphnia,

and 54.80/., 86.60/. and 54.90/. in EodiaPtomtes, respectively. These high contribution indicates

the definite food selection of both animals for the small fraction except the spring diaptomid,

when compared with its contribution to total food concentratfon; 22.1 O/. in summer, 56.30/o in

autumn and 58.2O/o in spring.
    The percentage of the large fraction to the rations was 22.0e/o (summer), 2.50/, (autumn)

and 14.40/, (spring) on the average in DaPhnia, while 38.00/. (summer), 5.80/, (autumn) and

21.1 O/. (spring) in EodiaPtomtts. The large fraction seemed to be a little rnore available food for

EodiaptomtLs than for DaPhnia. ']rhe average contribution of the middle fraction to the rations

ranged from 8.7 to 22.5O/. in the daphnid and from 3.3 to 28.90/, in the diaptomid among the

three seasons, suggesting no remarkable difference in the availability for this fraction between

both zooplankters.

    An average ratio of the total rations to body weight in summer, autumn and spring was
66.80/,, 53.00/, and 64.00/, in DaPhnia, and l8.40/,, l2.IO/, and 16.60/. in EodiaPtomtes, respec-

tively (Table 8). The extremely low values in the latter animal rnight have been underesti-

mated. However, the ratios (range: 7.9-20.30/.) are comparable to those (range: 2.2-23.90/.)
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Table 8. The estimated daily rations of Daphnia longisPina and EodiaPtomtts jaPonicus in summer, autumn and

spring, in comparison with the animal body weights.

zooplankter DaPhnia EodiaPtomus

animal size class (mm) O.{FO.6 O.6-O.8 O.8--l.O 1.0-1.2 1.2-1.4 O.<FO.6 e.6-O.8 e.8-1.0

july, 1976

  daily rations (large fraction)

    (ptgC) (middle fraction)
            (small fraction)

e.og7

O.047

O.369

O.258

O.351

O.486

O.432

O.454

O.863

O.420

O.590

e.997

O.184

O.027

O.269

O.218

O.050

O.310

total e.513 1.095 1.749 2.007 o.4se O.578

animal body weight (#gC)

total rations/body weight (O/.)

 O.71

72.3

 1.42

77.1

 2.55

68,6

 4.e9

49.I

 2.36

20.3

3.53

16.4

November, l976
 daily rations (large fraction)

   ("gC) (middle fraction)
           (small fraction)

O.O07

O.037

O.382

O.O12

O.053

O.465

O.024

O.149

O.661

O.055

O.199

1.590

O.O07

O.O05

O.039

O.O02

O.O06

O.173

O.O05

O.Oi9

O.172

total O.426 O.530 O.834 1.84il O.051 O.l81 O.l96

animal body weight (figC)

total rations/body weight (O/.)

 e.62• 1.08
68.7 49.1

 2.11

39.5

 3.37

54.7

O.65

7.9

 1.16

15.6

 1.55

12.7

May, 1977
 daily rations (large fraction)

   (ptgC) (middle fractien)
           (smal! fraction)

e.o3g

o.ose

O.143

O.069

O.114

e.324

O.154

O.218

O.826

o.e32

o.e37

O.059

e.os4

o.o6e

O.199

total O.232 O.507 l.198 O.128 O.313

animal body weight (ptgC)

total rations/body weight (O/.)

 O.50

46.4

 O.76

66.7

 l.52

78.8

e.go

14.2

 1.65

19.0

in some marine calanoid copepods fed on natural food (Ikeda 1971 ; Poulet 1974; Dagg & Grill

1980). There has been no comparable study on the daily ingestion of freshwater calanoid
copepods in nature.

Dail2 Carbon Balance. Table 9 represents thedaily carbon balance between the estimated rations

and respiration, in which the surplus or shortage is judged oR the basis of the assimilation

eMciency reported by Gulati (l976); the assimilation ethciency offilter feeders on natural food
varied from 28 to 600/o depending oR the circumstances whefe they lived.

    Daphnia in summer might be in debt in the carben metabolism even at the high assimilation

eMciency (600/.), except a small size class. The same situation was found frem the autumn

daphnids at the low assimilation eMciency (280/.), but not from the spring ones. However,
the food selection of Daphnia for the small fraction implied that the higher respiratory lo$s than

the estimated one might be caused by the rejectory behaviour against the other fractions (Porter

et al. 1982). Accordingly, a possibility that Daphnia in the three seasons might live on a sub-

sistence level can be inferred.
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Table 9. An estimation of the daiiy carbon balance between
longispina and E. J'aPonicas in sumrner, autumn and spring.

food incomes and metabolic expenditures by D.

DaPhnia EodiaPtomtts

Summer

body weight (BW)

daily rations (F)

respiration" (R)

     F/BW
     R/BW
     RIF
economical balance**

(ptgC)

(pgC)

(pgC)
(o/e)

(o/o)

(e/o)

 A
 B

O.71

O.513

O.243

 72.3

 34.2

 47.4

+

animal size

1.42

l.095

e.658

 77.1

 46.3

 60.1

+-

2.55

1.749

1.096

 68.6

 43.e

 62.7

4.09

2.007

1.923

 49.!

 47.0

 95.8

animal

  2.36

  o.4se

  l.116

   20.3

   47.3

  232.5

size

3.53

e.578

1.454

 16.4

 41.2

251.6

Autumn

body weight (BW)
daily rations (F)

respiration* (R)

     FIBW
     R/BW
     RIF
economical balance**

(ptgC)

(ptgC)

(pgC)
(o/o)

(o/e)

(o/o)

 A
 B

O.62

e.426

e.117

 68.7

 18.9

 27.5

+-
 +

1.08

O.530

O.2!3

 49.1

 19.7

 40.2

+

2.ll

O.834

OS71
 39.5

 17.6

".5

+

3.37

1.84tl

O.613

 54.7

 l8.2

 33.2

+

e.65

O.051

o.2es

  7.9

 31.5

4e2.o

L16
O.181

e.3eo

 15.6

 25.9

165.8

1.55

O.196

O.363

 12.7

 23.4

185.2

Spring

body weight (BW)
daily rations (F)

respiration* (R)

     F/BW
     RIBW
     R/F
economicai balance**

(pgC)

(ptgC)

(ptgC)

(o/o)

(o/o)

(o/o)

 A
 B

e.so

O.232

e.os6

 46.4

 1L2
 24.2

+
+

O.76

O.507

O.I53

 66.7

 20.1

 30.2

+

1.52

1.l98

O.286

 78.8

 l8.8

 23.9

+
 +

O.90

O.128

O.276

 14.2

 30.7

215.6

1.65

O.313

e.411

 l9.0

 24.9

ISI.3

 * The respiratory oxygen consumption ofD. Iongispina and E. j'aponictes was estimated on the basis ofthe rela-

  tionship between oxygen consumption and temperature in D. dyalina (Bldzka 1966) and the Comita's
  formula (1968) for the respiration ofsome diaptomid species, respectively. Then, the metabolic carbon

  ]oss was determi'ned assuming RQ== l.O.

** The economical balance wasjudged on the assumption ofassimilation eMciency as follows; 280/. at A and

  600/. at B (Gulati 1976).

    In Eodiaptomzes, the respiratory carbon loss was surprisingly larger than, the rations income

in all of the seasons (Table 9). This discrepancy cannot be explained, although the summer

experiment using the cultured alga shows that the summer diaptomids had potentially the high

feeding activity enough to cover the estimated respiratory loss. In any case, the diaptomid

seemed to be at least under a poor nutritional condition.

3-6. Selective feeding on the three fractions

    The size-selectivity of DaPhnia and EodiaPtomtts for the three algal fractions, expressed by

the Jacobs' index (Jacobs 1974), is shown in Fig. I2.

Daphnia. In summer, patterns of diurnal changes in the size-selective feeding were different
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Fig. 12. Diurnal changes in the food size-se}ectivities of DaPhnia and Eodiaptomus in feeding on a natural phyto-

plankton assemblage. The selectivity is shown by theJacobs' index. A soiid line shows the experiment at 5 m

depth, and a dotted one, at 15 m depth. Food size: e-large, G-middle, O-small.

between the experimental series at 5 m and l5 m depths. The latter series showed no marked
chaRges in the selectivity during a day; highly positive selection for the small fraction, weak

negative or non-selection for the middle one and strong negative selection for the large one.

In the 5 m experiment, however, both the small and middle fractions tended to be positively

selected during a day except at 2i : Oe and noon, although the selectivities for the large fraction

were consistently negative. The tendency of the positive middle-fraction selection found only

at the 5 m depth seemed to be concerned with either the higher feeding rate on this fraction or
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the lower rate on the small fraction, or with both, than the rate en the respective fraction at the

l5 m depth (Fig. 8). The distinct change from positive to non-selection for the small fraction

at 2l : OO and from that to negatlve selection for the middle one at noon was mainly caused by

the abrupt decrease and the increase in the feeding rate on the small fraction, respectively

(Fig. 8).

    The autumn daphnids exhibited continuously positive selection for the small fraction all

over the day, while negative selection for both the middle and large ones. This pattern of the

food size-selection was similarly seen from noon to 06: OO in spring, but turned to be completely

reversed at the next noon. This reverse seemed to be resulted from striking increases in the

feeding rates on the middle and Iarge fractions.

Eodiaptomzts. In summer, the changing pattern of the size-selectivity seemed to be similar be-

tween the 5 m and l5 m experimental seriess positive small-selection in the daytime, while
reversely positive large-selection in the nighttime (21 : Oe). The middle fraction was almost

negatively selected during a day. In autumn, on the contrast, the selectivity was always
highly positive for the small fraction, but negative for the other two fractions over a 24-hour

period. In spring, the selectivities for any of the three fractions were variable between the

positive-and negative values during a day, and most of them were distributed around the center

line showing non-selection. It suggested that the definite food-size selection was not demon-

strated, that is, the non-selective feeding.

                                   4. Discussion

{Fl. The summer night decreasein the feeding rates
    In summer, the feeding rates ofD. IongisPina and E. j'aPoniczas in nature decreased at 2l : OO

as compared with those at 15: OO, and afterwards remained on the low level or tended to recover

gradually until the next noon. Such night decrease was especially remarkable in Daphnia.
Throughout the day- and nighttime, both the food concentration and temperature were nearly
constant. The estimated mean density of the zGoplankters in the water from surface to IO m

depth was not different between the experiments at 15: eO (21 animals•I-2) and 21: OO (l9
an mals•l-i). Therefore, these three factors can be discarded from possible causes on the night

decrease.

    On the other hand, the pH conditien, one of the factors affecting feeding rate (Ivanova

1969), changed from 8.4 to 9.2. The high pH above 9.e is known to reduce severely feeding
rate of herbivorous zooPlankton, and such a reduction occurs abruptly in the narrow range of

pH from 8.0 to 9.0 (Kring & O'Brien 1976). In field, also, O'Brien and deNoyelles (l972)
observed reduced feeding rate due to photosynthetically elevated pH in an outburst of natural

phytoplankton.
    In the present study, the pH value increased to 9.2 in the afternoon on July 21, and re-

mained on the high level during the night. This increase was marked in the upper layer than

10 m depth where the phytoplankton was much abundant, suggesting the photosynthetically
elevated pH during the daytime. As a possible cause on the night decrease in the feeding
rates, therefore, such high pH condition which remained during the night can be inferred.

    This inferrence can be supported by the fact that the feeding rates on the cultured alga did
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not change in the period from 16: Oe onJuly 22 to 1 l : 30 onJuly 23 during which the pH level

was constant at 9.2. In this experiment, also, the allometric relation offeeding rate was stable

throughout the day. It suggests that the unstable allometric relation detected in the feeding

rate on the natural phytoplankton assemblage is refiective of the high and changeable pH
condition on 21-22, July.

    A similar night decrease in the in situ filtering rate has been found from D. IongisPina var.

h?alina in Lake Erken in summer when the phytoplankton was highly abundant (Nauwerck
1959, 1963), although it was not explained.

    Since the high pH condition probably due to the outburst of phytoplankton was a peculiar

phenomenon observed in the sumrner in Lake Biwa, the night decrease in the feeding rates
would have been a singular result restricted to such season. As observed in both the autumn

and spring experiments, however, the pattern with no pronounced periodicity may be often
found for the diurnal change in the feeding rates ofDaPhnia and EodiaPtomus on a natural phyto-

plankton assemblage in a pelagic area of lake Biwa.

4T2. A possible condition inducing non-cliurnal fee(ling pattern in zooplankters;
     poor nutritional state

    The non-diurnal change in the feeding rates of D. IongisPina and E. j'aponicus do not agree

with most of the accumulated evidences since the work of Nauwerck (1959); the feeding or
filtering rate of freshwater herbivorous zooplankters changes diurnally both in the field and

under laboratory conditions. The negative evidence like the present study has been reported

by Gliwicz (l977), but he did not explain at all this phenomenon.

    Diurnal change in the feeding and filtering rates of DaPhnia species is often related to

vertical migration and light change in the field (Haney l973; Haney & Hall 1975), but they

exhibit rhythmic feeding changes of unimodal or bimodal with no relation to migration even

under laboratory conditions with (Starkweather 1975) or without 24-hours photocycles
(Chisholm et al. 1975; Starkweather 1975; Duval & Geen 1976). Water temperature and food
condition are also effective on the diurnal change (Chisholm et al. I975; Starkweather !978).

Thus, the diurnal feeding patterns are associated with both environmental and internal factors.

However, possible interrelationships between the factors have not been defined.

    In the present study, migration is not a decisive factor for D. Iongispina, since the daphnid

migrated vertically in some distance in both the autumn and sPring experiments. Under the

condition of the constant water temperature and food concentration, the endogenous rhythmic

diurnal feeding (Starkweather l975) should be expected, but was not in fact found in the present

study. It can be suspected, therefore, that some environmental (exogenous) factor would have

concealed the endogenous rhythmic activity ofDaphnia, resulting in non-diurnal feeding pattern,

in I.ake Biwa.

    Chisholm et al. (l975) pointed that adaptation or acclimatization of zooplankters to
environmental conditions affects to the diurnal feeding pattern. Starkweather (1978) found

that DaPhnia Pulex which had been held under a starved condition exhibited different diurnal

patterns in the intensity of the appendage movement from the daphnid fed on plentifu1 food.

Therefore, he suspected that such different response would be caused by the food shortage.

Consequently, the nutritional history of zooplankters is very important for controlling the
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feeding activity and modifies a general rhythmic pattern such as bimodal of diurnal feeding

changes, and also their nutritional state must be taken into account.

    An estimation of the daily carbon balance suggested a poor nutritional state of Daphnia.

It is very doubtful that even under such poverty, Daphnia would still maintain the diurnal

feeding rhythm with a low activity in the daytime. It is rather reasonable and acceptable to

postulate that the animal would continue to feed at a certain rate as high as possible throughout

a day to obtain enough ration for sustaining the Hfe. In other words, DaPhnia would not
exhibit the periodical change in diurnal feeding activity. To collect algal food as eMciently as

possible, moreover, it is more advantageous for the daphnid to stay in the epilimnion, where

phytoplankton is plentifu1 during a day. Consequently, no pronounced diurnal vertical migra-

tion would be observed.

    To ascertain this postulation, it may be useful to compare the food quantity of Lake Biwa

with that of the Michigan lakes where two DaPhnia species showed apparent periodical diurnal

feeding pattern (Haney & Hall l975). In Three Lakes, one of the Michigan lakes, the POC
amount ofO.45-31 ptm sized particles is nearly l.5 mg•I-i, which is about twice higher than even

the maximum total food concentration and more than 7-fold of the small fraction in Lake
Biwa. Also, the light attenuation coeMcient of water is O.OI02 cm-i in Wintergreen Lake,
another part of the Michigan lakes (Haney & Hall l975), while the coeficient value is appar-

ently low in Lake Biwa (e.e030-O.O055 cm-i). It indicates that those Michigan lakes contain

much more amount of small suspended particles than Lake Biwa.
    In addition, most of the studies that have defined the diurnal rhythmic change in the
filtering and feeding rates were carried out under suthcient food conditions both in situ and in

the laboratory (Starkweather 1975; Duval & Geen l976). A starved daphnid exhibits the
different response of the appendage movement to the Iight-dark changes from the daphnid well

fed (Starkweather 1978). It can be suspected, therefore, that the diumal feeding rhythm may

be characteristic of the feeding activity of zooplankters living under a favourite condition of

plentiful food.

    Therefore, a possible relationship between the diurnal feeding pattern and the nutritional

state can be hypothesized as follows; DaPhnia may possess the endogenous rhythm in feeding

activity which rises in the nighttime (Starkweather l975). Such a rhythm can be modified or

disappeared by the infiuence of environmental factors, especially food condition. Under so

plentifu1 food condition that DaPhnia can gather enough rations to sustain both of the metabolic

and reproductive demands during a night period, the animal feeds mainly in the nighttime in

accordance with the endogenous rhythm. It is more eMcient to feed in the epiiimnion with
more abundant food than in the hypolimnion. After finishing the necessary intake of food,
the animal does not need to feed actively and to stay in the epilimnion. Resultingly, it moves

downwards and becomes inactive, or resting in the hypolimnion with lower water temperature.

This case may correspond with the diurnal feeding pattern of DaPhnia in the Michigan lakes.

    On the contrary, under so scarce food condition that DaPhnia cannot gain the rations
enough to satisfy the daily demands by the nocturnal feeding alone, it must continue to feed

even in the daytime unti1 it collects enough food materials for the sustenance. To do so, the

animal has to remain in the epilimnion even in the daytime, resulting in no pronounced vertical

migration. This case can bejust applied to the diurnal feeding pattern of DaPhnia in Lake Biwa.
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    It can be expected that non-periodical diurnal feeding pattern would be generally observed

in daphnids which live not only in a clear water (complete oligotrophic Iakes and a clear water

period even in mesotrophic lakes), but also under specially poor nutritional contidion which may

be caused by a large increase in unfavourable algae for daphnids.

    EodiaPtomtts exhibited non-rhythmic change in the feeding rate during a day, and was
inferred to be under a poor nutritional situation. As well as DaPhnia, the diaptomid would be

obliged to feed continuously throughout a day. It appears, therefore, that the non-rhythmic

diurnal feeding pattern may be a refiection of this economical situation. A similar observation

was reported by Gauld (l953); when the natural food particles were very scarce, Calanzes
Paczvecus, a marine calanoid, continued to feed in the upper layer throughout a day, resulting in

no pronounced diurnal changes in both the feeding activity and vertical distribution.

    However, EodiaPtompus migrated vertically within the epilimnion, despite exhibiting no
pronounced diurnal changes in the feeding rate. A similar result has been found from DiaPtomtes

Pallidus in the Michigan lakes (Haney & Hall l975).

    In general, the feeding activities of marine calanoid copepods may be accelerated in

accordance with the nocturnal upward migration (Gauld 1953; Mackas & Bohrer l976). In
freshwater, PseudodiaPtomus hessei demonstrated the nocturnal increase in the gut fullness, which

occurred with the upward migration (Hart 1977). However, this diaptomid, which is a bottom

dweller in the daytime and alters to a migrator at night, is completely different in daytime

behaviour from EodiaPtomtts and D. Pallidus. Such specified behaviour ofit seems to cause the

night increase in the gut fullness. It is conceivable, therefore, that a connection of the diurnal

feeding activity with the diurnal vertical migration in a short distance is not decisive in

diaptomids.

    Additionally, EudiaPtomus gracitoides showed another feeding pattern; the high filtering rate

in the daytime (Nauwerck l959). Thus, the diurnal feeding pattern of freshwater calanoid
copepeds may be possibly species-specific, or highly variant depending on the differences in

circumstances where copepods live. Furthermore analytical studies in -relation to physico-
chemical and biological factors will be needed to define the characteristics of the diurnal feeding

of diaptomids in nature.

4-3. Diurnal variation in size-selective fee(ling

    In D. IongisPina, the selection of food size was almost consistent and less variable during one

diurnal period in every experiment, except rare drastic changes in selectivity. Such changes

were connected with either a striking decrease or increase in feeding rate on a given algal

fraction. However, those changes are exceptional, and the selective feeding of Daphnia in
diurnal cycle is characterized by the consecutive small selection.

    According to Gliwicz (l977), D. IongisPina and D. cucullata in Lake Mikolajskie showed no

pronounced changes in their filtering rates and kept the small particles selection throughout a

day in nature. It can be generally said, therefore, that selective feeding of daphnids may be

stable during a day when feeding and filtering rates vary gradually accoding to time.

    In E. j'aponicus, the food size selection during one diumal cycle was consecutively stable in

autumn, and almost obscure in spring, but a little changeable in summer. But, such changes
were derived from unexplainable alteration of the feeding rate, differing from thgse in Calanus



Diurnal Feeding Activities ofZoop!ankton 131

helgolandictts which depends on qualitative and quantitative changes in food (Richman &

Rogers 1969). Gliwicz (1977) reported the diurnally invariant selection for food size by
Eudiaptomtes graciloides. Except for the above derivative changes, thus, it should be understood

that the food-size selection of Eodiaptomtts may be unchangeable throughout a day in each

season when the quantity and quality of food does not change diurnally, although it changes

seasonally with relation to the food quality (Okamoto, in preparation).

    When marine and freshwater herbivorous zoopalnkton exhibit definite diurnal changes in

feeding and filtering rates on natural phytoplankton, however, whether or not such changes
may be accompanied with changes in the food si'ze selection has never been examined in detail.

Thus, these two activities must be studied together in nature.
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