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LQVWUXPHQW� FRQVLVWV� RI� WZR� F\OLQGULFDO� FKDPEHUV� DQG� D� PHFKDQLFDO� V\VWHP� IRU� VKXWWLQJ�� E\� D� PHVVHQJHU� ERWK� WKH� FKDPEHUV
VLPXOWDQHRXVO\��:LWK�WKLV� LQVWUXPHQW�WKH�JUD]LQJ�PD\�EH�HYDOXDWHG�E\�FRXQWLQJ�WKH�DOJDO�FHOOV�DW� WKH�EHJLQQLQJ�DQG�WKH�HQG�RI� WKH
H[SHULPHQW�DV�ZHOO�DV�E\� WKH�UDGLRLVRWRSH� WHFKQLTXH��7KLV� LQVWUXPHQW�FRPELQHV� WKH�DGYDQWDJHV�RI�RWKHUV�XVHG�WR� WKH�VDPH�DLP�E\
RWKHU� DXWKRUV�� H�J��*OLZLF]� ��������+DQH\� ��������+DUW�	�&KULVWPDV� �������� $V� DQ� H[DPSOH�� WKH� UHVXOWV� RI� WZR� H[SHULPHQWV� DUH
UHSRUWHG�

.H\ZRUGV��JUD]LQJ�FKDPEHU��SK\WRSODQNWRQ�JURZWK��]RRSODQNWRQ�JUD]LQJ��ILOWHULQJ�UDWH��IHHGLQJ�UDWH��HOHFWLYLW\�FRHIILFLHQW

1. INTRODUCTION

The first experiments on the feeding of zooplankton
were carried out by Fuller & Clarke (1936), who meas-
ured the filtering rate of &DODQXV� ILQPDUFKLFXV. Since
then there have been several laboratory studies on zoo-
plankton feeding. The feeding rate has generally been
measured on the difference in abundance of the algae
suspension  used as zooplankton food, before and after
the experiment. The feeding rate measurement has been
improved by feeding zooplankters with particles (algae,
bacteria, yeast) labelled with radioisotopes (Marshall &
Orr 1955; Nauwerck 1959; Sorokin 1966). Although the
results from these studies increased our knowledge of
potential zooplankton grazing, they cannot be easily ex-
trapolated to the natural community. In fact, the feeding
rate measured on the same species is deeply influenced
by environmental variables such as quantity, quality and
size of the food particles, light, temperature (e.g. Haney
1973; Peters 1984). In addition, the structure of the
phyto- and zooplankton communities varies with the
season and the environment. There was a clear need for
a method producing results which could be extrapolated
to the natural environment; that is, experiments LQ� VLWX
with grazing chambers (e.g., Haney 1971; Roman &
Rublee 1981; Lampert 1988; Noges 1992). The first ap-
proach was by Gliwicz (1968). The main advantage of
grazing studies in situ is that the experiment is carried
out in semi-natural conditions and at the same place and
depth from which the material (zooplankton and its food
particles) is collected. In addition, the experiment be-
gins at the same time as, or soon after, collection of the
material.

The grazing rate may be estimated by two different
techniques: a) non-radioactive method and b) radioac-
tive method.

The purpose of this paper is to describe a new sam-
pler-incubator designed to estimate zooplankton grazing
and at the same time the phytoplankton variation rate, in
terms of cell number.

2. DESCRIPTION AND USE OF THE SAMPLER-
INCUBATOR (FIG. 1)

The twin grazing chamber described here is based
on the devices developed by Gliwicz (1968), Haney
(1971) and Hart & Christmas (1984).

The sampler-incubator consists of a firm frame, two
cylindrical chambers (A and B) and a mechanical sys-
tem for shutting both chambers simultaneously. The
volume of the water contained in each closed chamber
is 3 liters. The top and bottom of each chamber are shut
by two lids hinged to the firm frame and not to the
chambers, in order to keep the chamber openings com-
pletely unobstructed. The shutting device consists of a
movable frame and four springs to release the lids. Each
lower lid has a drain outlet closed by a plug. The mov-
able and firm frames, the chambers and their lids are in
Perspex, with only the shutting system in stainless steel.
By a messenger the movable frame is lowered together
with four pins, which release four rings attached to the
lids. The four lids, released by the springs, hermetically
and simultaneously close both the chambers. A glass
vial is placed on a Perspex support soldered to the inner
wall of  chamber A.

The vial may be filled with an anaesthetising sub-
stance or a suspension of food particles labelled with
radioisotopes. As the chambers are shut, a Perspex
wedge soldered to the lower surface of the top lid of
chamber A knocks against the vial, breaking it. The
broken vial releases its content in the water of the
chamber. The diffusion time of the liquid from the vial
into the water in the chamber, estimated with a dye
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(methylene blue), is less than one minute. This makes it
possible to carry out experiments on grazing either with
radioactive tracers (e.g., Haney 1971; Hart & Christmas
1984) or anaesthetising substances (Gliwicz 1968). In
addition, this sampler-incubator, slightly modified, may
be used for the same purpose without radioisotopes or
anaesthetising substances. The reliability of our device
was tested by this technique, which is based on the dif-

ference, measured at the end of the experiment, between
the phytoplankton population density in the chambers
with and without zooplankton (e.g., Elser & Goldman
1990; Hamza HW�DO. 1991).

First of all chamber A, without zooplankton but with
a phytoplankton abundance very similar to that in the
grazing chamber (B), that is with zoo- and phytoplank-
ton, was needed. To this aim a disk of nylon net (mesh

)LJ���. Sampler incubator (see the text for further explanation).
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size = 60 µm) was attached inside chamber A near its
lower edge. During the immersion of the device to the
prefixed depth, the net permitted the passage of algae
<60 µm size but not that of most of the zooplankters. In
fact, the percentage of zooplankters found in the cham-
ber with the net (A) ranged from 10 to 15% of the total
number of zooplankters in the other chamber (B), con-
sisting of small rotifers and nauplia 1st and 2nd stages.
The number of phytoplankton cells in the two chambers
was of the same order of magnitude.

The procedure was the following. The incubator-
sampler with both chambers open was lowered to a
given depth, immediately shut by a messenger and then
recovered. Both the samples were preserved with neu-
tralized formaldehyde at a final concentration of 10%.
Soon after the samples were recovered, the incubator
sampler was again lowered to the same depth; the
chambers were closed and kept for 4 hours at the same
place. The time interval between the first recovery of
the device and its successive lowering ranged from 10
to 15 minutes. To reduce the phytoplankton sedimenta-
tion inside the chambers the incubator sampler was up-
turned every hour by a supplementary rope. After 4
hours the apparatus was recovered and both the samples
preserved with neutralized formaldehyde: phyto- and
zooplankton of the four samples were identified and
counted. Phytoplankton growth and zooplankton graz-
ing were calculated from the differences in phyto-
plankton abundance between the first two samples and
the samples collected at the end of the experiment.
Growth rate, in terms of cell number, was estimated
from the samples from chamber A and the grazing rate
from those from chamber B. Since the difference in

chamber B was the combined result of the growth and
grazing rates, the grazing values were corrected for the
phytoplankton growth rate.

3. EXPERIMENTS

The reliability of the adopted procedure was based
on two assumptions: a) the quali- and quantitative dif-
ferences between plankton samples collected by the two
chambers (A and B) were not significative and b) the
differences between samples collected at short intervals
of time (10-15 minutes) and from the same place were
not significative. To test these assumptions the nylon
net was obviously removed from chamber A and the
apparatus used as a twin water sampler.

To evaluate assumption a), samples from two north-
ern Italian lakes (Lake Comabbio, very eutrophic, and
Lake Monate, oligo-mesotrophic) were collected at dif-
ferent depths and dates and analyzed for phyto- and
zooplankton (Tab. 1, 2 and 3). The data were processed
according to Wilcoxon’s test for paired comparisons to
evaluate the difference between samples collected with
both the chambers. The differences were always below
the 0.05 significance level (except for Copepods from
Lake Monate sampled at May 25th) and thus acceptable
(Tab. 4). To evaluate assumption b) phyto- and zoo-
plankton samples from the same depth and place and at
an interval of 15 min. were collected. Since the values
of the variation coefficient were very low for zoo-
plankton and not high for phytoplankton, the differences
between replications at short time intervals seem to be
acceptable (Tab. 5).

When sampling reliability had been tested, there was
a need for experiments to evaluate the suitability of our

7DE�� �. Distribution with depth of the abundance (N° ind l-1) of Copepods (Co), Cladocerans (Cl) and Rotifers (R)
collected from Lake Comabbio with the chambers A and B.

depth May 31st July 18th

(m) A B A B
Co Cl R ∑ Co Cl R ∑ Co Cl R ∑ Co Cl R ∑

1 36.3 133.6 64.0 233.9 26.7 136.5 73.7 236.9 207.6 70.6 9.0 287.2 201.6 86.1 6.9 294.6
2 30.0 223.6 304.9 558.5 37.0 218.4 242.9 498.3 100.3 82.6 4.0 186.9 106.0 90.2 6.9 203.1
3 21.7 153.6 209.9 385.2 20.6 146.1 169.7 336.4 110.0 112.6 25.6 248.2 124.1 102.9 31.2 258.2
4 29.0 31.7 122.3 183.0 19.2 35.0 106.3 160.5 228.3 199.3 45.0 472.6 186.2 193.4 36.3 415.9
5 95.0 3.3 96.3 194.6 115.2 1.7 91.9 208.8 3.3 0.3 0.0 3.6 2.1 0.3 0.0 2.4
6 1.0 3.0 6.3 10.3 2.1 3.1 7.5 12.7 0.7 1.0 0.0 1.7 1.0 0.7 0.3 2.0

7DE�� �. Distribution with depth of the abundance (N° ind l-1) of Copepods (Co), Cladocerans (Cl) and Rotifers (R)
collected from Lake Monate with the chambers A and B.

depth May 8th May 25th

(m) A B A B
Co Cl R ∑ Co Cl R ∑ Co Cl R ∑ Co Cl R ∑

2 10.0 0.0 7.7 17.7 11.7 0.0 8.9 20.6 26.7 0.3 20.7 47.7 21.3 0.0 13.0 34.3
4 31.0 9.3 16.0 56.3 36.4 5.1 24.0 65.5 16.0 0.0 7.7 23.7 13.7 0.0 24.3 38.0

10 18.0 2.7 39.3 60.0 14.4 1.0 47.0 62.4 9.3 0.3 6.3 15.9 6.9 0.0 5.5 12.4
15 3.3 4.3 6.3 13.9 9.3 4.1 22.3 35.7 10.3 0.7 9.0 20.0 8.9 0.7 7.5 17.1
20 2.7 1.3 2.3 6.3 0.7 1.7 2.1 4.5 13.3 0.0 1.7 15.0 11.7 0.0 3.8 15.5
25 3.7 1.0 1.3 6.0 1.4 0.3 3.4 5.1 8.7 0.3 1.3 10.3 4.1 0.3 3.1 7.5
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method to quantify phytoplankton production and zoo-
plankton grazing. As a consequence, two experiments
were carried out in a Northern Italian oligo-mesotrophic
lake, Lake Monate (45°47'40" N; 08°39'52" W), with a

surface of 2.51 km2 and a maximum depth of 34 meters.
The experiments were carried out at 4 m depth and the
incubation time was 4 hours. The procedure described
above was adopted for our experiments: one on August

7DE���. Continuation.

depth June 8th June 12th

(m) A B A B
Co Cl R ∑ Co Cl R ∑ Co Cl R ∑ Co Cl R ∑

2 14.3 0.3 15.7 30.3 13.4 0.7 12.7 26.8 44.0 7.0 3.0 54.0 43.2 7.5 3.8 54.5
4 17.0 0.7 112.0 129.7 9.9 0.3 94.6 104.8 54.6 7.0 9.7 71.3 67.5 10.6 12.7 90.8

10 33.0 1.0 20.6 54.6 37.0 0.0 22.6 59.6 80.0 3.7 33.0 116.7 75.1 0.3 30.9 106.3
15 33.0 1.0 13.0 47.0 29.5 0.3 19.5 49.3 23.7 0.0 50.3 74.0 27.4 0.0 55.5 82.9
20 16.0 0.3 5.0 21.3 26.4 0.3 4.8 31.5 34.3 0.0 11.0 45.3 38.7 0.0 11.0 49.7
25 17.0 0.3 4.3 21.6 15.4 1.0 3.1 19.5 28.0 0.0 1.0 29.0 27.7 0.0 2.0 29.7

7DE�� �. Distribution with depth of the abundance (N° cells × 103 l-1) of Cyanobacteria
(Cya), Chlorophytae (Chl), Crysophytae (Cry), Bacillariophytae (Bac) and Dinophytae
(Din) collected from Lake Monate with the chambers A and B.

depth July 8th

(m) A B
Cya Chl Cry Bac Din ∑ Cya Chl Cry Bac Din ∑

1 350 1469 31 10 7 1867 301 1674 41 18 1 2035
2 189 1446 34 7 3 1679 169 1482 37 11 3 1702
3 155 838 95 67 6 1161 250 738 83 47 6 1124
4 82 128 162 7 3 382 65 164 168 1 1 399
5 78 55 121 0 1 255 83 49 119 0 1 252
6 0 17 88 0 1 106 0 11 91 0 1 103

7DE���. Values of the Wilcoxon test for paired comparisons (T) were calculated on the
data reported in table 1, 2 and 3. Co = Copepods; Cl = Cladocerans; R = Rotifers. For
total phytoplankton all the WD[D have been taken in account; for the single WD[RQ only the
three most important were considered: Cyanophytae (Cya), Chlorophytae (Chl) and
Cryptophytae (Cry).

Lake Date Co Cl R T Cya Chl Cry T

Monate May 8 9 13 1 3 - - - -
May 25 21 3 8 10.8 - - - -
June 8 10 10 13 9 - - - -
July 12 8 3 3 11 - - - -
June 8 - - - 14 9 8 7 14

Comabbio May 31 10.5 13 17 15 - - - -
July 18 12 7 5 9 - - - -

7DE�� �. Mean values, standard deviations and percent ratio between standard deviation
and mean value of the abundance of zooplankters (N° ind l-1) and phytoplankters (N° cells
× 103 l-1) collected by three samplings with chambers A and B from Lake Monate (4 m
depth).

A B ∑(A+B)

Zooplankton Sampl. I 43.6 43.7 87.3
Sampl. II 42.7 45.5 88.2
Sampl. III 45.3 44.3 89.6
x  ± sd 43.87 ± 1.32 43.90 ± 0.44 44.18 ± 0.88
%sd/x 3.01 1.00 2.00

Phytoplankton Sampl. I 575 585 1160
Sampl. II 603 661 1264
Sampl. III 472 593 1065
x  ± sd 550.00 ± 69.00 613.00 ± 41.75 581.50 ± 61.59
%sd/x 12.54 6.81 10.59
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23rd and the other on September 7th. During the incuba-
tion time, temperature, water transparency by Secchi
disk, pH value, electrical conductivity and DO concen-
tration were measured at the same depth and place
where the incubator-sampler was anchored (Tab. 6).

7DE�� �. Physical and chemical parameters measured at the
beginning and the end of the experiments carried out in Lake
Monate (4 m depth) on August and September.

August September
time 0 4h 0 4h

Temp. °C 26.2 27.4 22.4 22.8
pH 9.69 9.62 9.15 9.20
µS 25 °C 111 112 115 112
mg O2 l

-1 10.69 10.75 10.19 10.32
Sat. O2 % 134 137 120 123
Secchi disk (m) 5.20 8.90

The values of the phyto- and zooplankton countings
of both the experiments are listed in tables 7 and 8.
These values have been processed to calculate the fil-
tering rate (Gauld 1951), the feeding-rate (Holm HW� DO.
1983), the phytoplankton growth-rate (Elser & Goldman
1991) and the electivity-coefficient (Jacobs 1974).

In August phytoplankton population density (9131
cells ml-1) was 3.6 times higher than that in September
(2519 cells ml-1). In August the most abundant species
were 0LFURF\VWLV (45%), &KODP\GRPRQDV (37%) and
6SKDHURF\VWLV (11%), which altogether represented 93%
of the total phytoplankton; in September the most abun-
dant were &KODP\GRPRQDV (41%), 0LFURF\VWLV (22%)
and 7HWUDHGURQ (18%) to a total of 81%.

In both the experiments these species also consti-
tuted the main portion of the zooplankton diet (Tabs 7
and 8). The value of the electivity coefficient (log Q) is
based on the relationship between the frequency of a
species in the diet and that of the same species in the
environment. In August this coefficient was positive for
&KODP\GRPRQDV and 6SKDHURF\VWLV; in September the
preference still existed for &KODP\GRPRQDV while for
6SKDHURF\VWLV the electivity coefficient became nega-
tive. Negative values, indicating avoidance, were ob-
served for 0LFURF\VWLV on both dates and for 7HWUDHGURQ
in September (Fig. 2). These differences between the
months were probably due to the different phyto- and
zooplankton compositions: in August Cladocerans were
numerically dominant while in September Rotifers were
the most abundant group. The filtering rate in August
was 0.97 ml zooplankter-1 h-1 and in September 5.49.
The mean feeding rate was in August 7946 algae zoo-
plankter-1 h-1 and in September 12415 (Tab. 9). The
mean phytoplankton growth rate was in August 0.016
algae alga-1 h-1 and in September 0.020 (Tab. 10).

4. DISCUSSION AND CONCLUSIONS

The relationship between zooplankton and its food is
controlled by various physical and biological factors,
and the ratios between the components of its diet (phy-
toplankton, bacteria, protozoa and organic suspended
particles) vary with their availability and relative abun-
dance and the zooplankton species (Gliwicz 1969). In
addition, zooplankton selects its food particles accord-
ing to their size and quality (e.g., Geller 1984; Lampert
& Taylor 1984).

7DE���. Abundance of phytoplankton species (No. cells × 103 l-1) in the tube with net (A) and without net (B) at the
beginning of the experiment and after 4 hours. The experiments were carried out in Lake Monate (4 m depth) on
August 23rd and September 7th.

August 23rd September 7th

A B A B
0 4h 0 4h 0 4h 0 4h

$QDEDHQD�VSLURLGHV 5 9 8 4 4 5 4 3
0LFURF\VWLV�DHUXJLQRVD 4090 4075 3486 3156 546 417 590 299
7RWDO�&\DQRSK\WDH 4095 4084 3494 3160 550 422 594 302
$QNLVWURGHVPXV�IDOFDWXV 32 31 23 31 9 10 11 12
&KODP\GRPRQDV sp. 3335 4104 2954 3027 1024 1341 1123 641
&KORUHOOD sp. 66 76 52 69 40 47 38 33
&RVPDULXP sp. 54 80 48 31 20 16 18 16
2RF\VWLV�ODFXVWULV 58 46 60 41 22 22 13 12
6FHQHGHVPXV�ELMXJDWXV 187 240 183 140 149 149 157 83
6SKDHURF\VWLV�VFKU|WHUL 1037 714 1103 571 81 78 111 87
6WDXUDVWUXP�JUDFLOH 0 1 0 0 0 0 0 0
7HWUDHGURQ�PLQLPXP 172 206 148 202 456 502 512 416
7RWDO�&KORURSK\WDH 4941 5498 4571 4112 1801 2165 1983 1300
&HUDWLXP�KLUXQGLQHOOD 0 1 1 0 0 0 0 1
3HULGLQLXP sp. 3 5 2 3 1 4 2 3
7RWDO�'LQRSK\WDH 3 6 3 3 1 4 2 4
&U\SWRPRQDV�RYDWD 40 63 41 45 65 63 71 43
5KRGRPRQDV�PLQXWD 52 87 65 50 102 79 97 53
7RWDO�&U\SWRSK\WDH 92 150 106 95 167 142 168 96
7RWDO 9131 9738 8174 7370 2519 2733 2747 1702
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7DE���. Abundance of zooplankton species (No. ind l-1) in the chamber with net (A) and without
net (B). The samples were collected from Lake Monate (4 m depth) on two separate days.

August 23rd September 7th

A B A B

(XGLDSWRPXV�SDGDQXV adult and copepodite 0.0 1.7 0.0 1.7
(XGLDSWRPXV�SDGDQXV nauplia 0.7 5.5 0.0 4.1
0HVRF\FORSV�OHXFNDUWL adult and copepodite 0.3 2.1 0.0 1.0
0HVRF\FORSV�OHXFNDUWL nauplia 0.7 4.5 0.7 2.7
Total Copepods 1.7 13.8 0.7 9.5
(XERVPLQD�FRUHJRQL 0.7 4.8 0.0 0.3
'DSKQLD�K\DOLQD 1.0 2.1 1.7 3.8
'LDSKDQRVRPD�EUDFK\XUXP 0.0 2.3 0.0 0.3
Total Cladocerans 1.7 19.2 1.7 4.4
$VSODQFKQD�SULRGRQWD 0.3 3.1 1.3 7.5
.HUDWHOOD�FRFKOHDULV 0.0 0.0 0.0 0.7
7ULFKRFHUFD�FDSXFLQD 0.0 1.0 0.0 1.7
)LOLQLD�ORQJLVHWD 0.0 0.0 0.0 0.7
Total Rotifers 0.3 4.1 1.3 10.6
Total 3.7 37.1 3.7 24.5

)LJ���� Values of the electivity coefficient (log Q) calculated for the most abundant species in August and September. 1) $QDEDHQD
VSLURLGHV; 2) &RVPDULXP sp.; 3) 5KRGRPRQDV�PLQXWD; 4) 6FHQHGHVPXV�ELMXJDWXV; 5) &U\SWRPRQDV�RYDWD; 6) 6SKDHURF\VWLV�VFKU|WHUL�
7) &KODP\GRPRQDV sp�� 8) &KORUHOOD sp.; 9) 7HWUDHGURQ� PLQLPXP; 10) 3HULGLQLXP sp.; 11) 2RF\VWLV� ODFXVWULV; 12) 0LFURF\VWLV
DHUXJLQRVD.
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These considerations, along with the great variety of
instruments and methods adopted to tackle the grazing
problem, may explain the wide variations in the results
reported by different authors (e.g., Lampert 1988; James
& Forsyth 1990; Noges 1992). For example, Gliwicz
(1968) obtained filtering rate values as much as 15
times higher than those reported by other authors, the
values found by Hart (1984) were very high if compared
to those by Gulati HW�DO. (1982), and the data on the fil-
tering and feeding rates reported by Hamza HW�DO. (1991,
1993) and Bonacina & Hamza (1997) seem to be rather
low.

The adoption of standardized methods would proba-
bly make it easier to compare  the results obtained by
the various authors. If this is not possible, then more re-
search is required to compare results obtained at the
same time and in the same environment with both tech-
niques (radioactive and non-radioactive), with the aim
of harmonizing the methods.

The main conclusions of the experiments we carried
out in August and September in Lake Monate are the
following. In August, phytoplankton and zooplankton
were more abundant than in September (phytoplankton

by 72% and zooplankton by 34%). Conversely, the fil-
tering and feeding rates were lower in August (0.97 ml
ind-1 h-1, 7946 cells ind-1 h-1) than in September (5.49
ind-1 h-1; 12416 cells ind-1 h-1). These differences are not
easily explained; however, the values we calculated are
of the same order of magnitude as those reported by
other authors for freshwater and marine planktonic
crustaceans. For example, the values of the filtering rate
(ml ind-1 h-1) may range from 3.1 to 3.9 (Harvey 1937),
from 0.35 to 2.92 (Gauld 1951) in relation to the size of
the species, about 4.00 (Frost 1972) and from 0.62 to
1.15 (Holm HW�DO� 1983). A feeding rate of 12.000 cells
ind-1 h-1 was calculated for copepods by Frost (1972),
and values ranging from 15.000 to 50.000 cells ind-1 h-1

were reported by Holm HW� DO. (1983) for Cladocerans
kept in optimal conditions. According to Frost (1972)
the ingestion rate increases with the concentration of
food particles in the medium up to a maximum level and
then remains fairly constant at a further increase in par-
ticle concentration.

In our experiment the ratio between the amount of
algal cells grazed by zooplankton and the number of al-
gal cells produced was 132% in August and 489% in

7DE���. Feeding-rate: No of algal cells consumed by one zooplankter in one hour.

August September

&KODP\GRPRQDV�sp 3639 8009
0LFURF\VWLV�DHUXJLQRVD 2136 1347
6SKDHURF\VWLV�VFKU|WHUL 809 202
6FHQHGHVPXV�ELMXJDWXV 600 755
5KRGRPRQDV�PLQXWD 323 196
&RVPDULXP sp. 243 0
&U\SWRPRQDV�RYDWD 101 263
$QDEDHQD�VSLURLGHV 61 19
2RF\VWLV�ODFXVWULV 34 10
7HWUDHGURQ�PLQLPXP 0 1482
&KORUHOOD sp. 0 114
3HULGLQLXP sp. 0 18
Total 7946 12415

7DE����. Algal increment (positive or negative): No of algae produced (or decreased) per
cell in one hour.

August September

$QDEDHQD�VSLURLGHV +0.15 3HULGLQLXP sp +0.35
3HULGLQLXP sp. +0.13 &KODP\GRPRQDV�sp +0.07
5KRGRPRQDV�PLQXWD +0.13 $QDEDHQD�VSLURLGHV +0.06
&U\SWRPRQDV�RYDWD +0.11 &KORUHOOD sp. +0.04
&RVPDULXP sp. +0.10 $QNLVWURGHVPXV�IDOFDWXV +0.03
6FHQHGHVPXV�ELMXJDWXV +0.06 7HWUDHGURQ�PLQLPXP +0.02
&KODP\GRPRQDV�sp. +0.05 2RF\VWLV�ODFXVWULV 0.00
7HWUDHGURQ�PLQLPXP +0.05 6FHQHGHVPXV�ELMXJDWXV 0.00
&KORUHOOD sp. +0.04 6SKDHURF\VWLV�VFKU|WHUL -0.01
0LFURF\VWLV�DHUXJLQRVD 0.00 &U\SWRPRQDV�RYDWD -0.01
$QNLVWURGHVPXV�IDOFDWXV -0.01 &RVPDULXP sp. -0.06
2RF\VWLV�ODFXVWULV -0.06 5KRGRPRQDV�PLQXWD -0.06
6SKDHURF\VWLV�VFKU|WHUL -0.09 0LFURF\VWLV�DHUXJLQRVD -0.07
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September. These high percentages seem to demonstrate
the strong influence exerted by zooplankton on phyto-
plankton. On the other hand, we must take into account
the fact that the value of these percentages refers only to
two months; in spite of this, these high percentages do
not seem to be so exceptional if Gulati HW�DO. (1982) cal-
culated mean annual values ranging from 70 to 230%.
According to these authors the grazing activity has such
a great influence on the phytoplankton standing crop as
to increase the water transparency for limited periods of
the year. This influence is also demonstrated indirectly
by Gliwicz (1968), who calculated that zooplankton
may consume daily an amount of food ranging from
48% to 176% of its biomass according to the lake, sea-
son and other factors.

The results of our experiments, which were carried
out only twice (August and September), obviously can-
not provide useful information for evaluating the actual
importance of grazing and primary production in the
studied lake. The aim of our experiments was simply to
test the usefulness of the sampler-incubator, which has
the following advantages.
• The experiment is carried out in the same chambers

as are used as a sampler and consequently the phyto-
and zooplankton are not removed from their envi-
ronment before the end of the experiment.

• Sample variability is reduced by collecting two sam-
ples simultaneously from the same place.

• The net (60 µm mesh size) soldered to the chamber
for measuring the algal growth eliminates the zoo-
plankton grazing without using anaesthetizing sub-
stances (Gliwicz 1968) or sieving the sample after
removal from its environment (e.g., Porter 1972).

• There are no metal parts inside the chambers.
• The container and piston for dispensing anaesthe-

tizing substances (or the radioactive food particles)
have been replaced by a glass vial broken by the
shutting of the chambers.

• Both methods (radioactive and non-radioactive) may
be used.

• The acute effect of pollutants on phyto- and zoo-
plankton in semi-natural conditions may be evalu-
ated using one chamber as a control and the other as
an environment contaminated by a pollutant diffused
from the broken vial.
In conclusion, we believe that our sampler-incubator

is useful for quantifying zooplankton grazing and pri-
mary production, in terms of algal cell abundance. The
modifications incorporated in our instrument represent
an improvement, or at least an alternative, to the com-
monly used devices.
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APPENDIX

The formulas used were the following:

1) Filtering-rate

H

&&

W

Y

.
W

log

loglog 0 −×=     (ml of water swept clear by one zooplankter in a time unit).

2) Feeding-rate

)( 0 W
&&

W
Y

) −×=     (No. of algae consumed by one zooplankter in a time unit).

3) Algal growth-rate

1

0

)(ln −×= W

&

&
*

W      (No. of algae produced by one alga in a time unit).

4) log Q-coefficient

)1(

)1(
log

US

SU

QW4FRHIILFLH

−
−=     (modified version of Ivlev’s Electivity Index).

where: Y = water volume of the chamber. No. zooplankters-1.
W = duration of the experiment in hours.
&� and &W = No . ml-1 at the beginning and the end of the experiment.
U = fraction of a given food type in the feeder’s ration.
S = fraction of the same food in the environment.


