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Abstract. Predation by cyclopoid copepods (Cyclops vicinus Uljanin, 1857, Acanthocyclops robustus (G.
O. Sars, 1863), C. strenuus Fischer, 1851) was measured in field experiments in the pond Velký Pálenec
(SW Bohemia, Czech Republic) during two consecutive years. The cyclopoid copepods fed on all common
species of rotifers and also on the young larvae of copepods and in some periods also on Daphnia spp. and
other cladocerans. The predatory impact of cyclopoid copepod feeding may influence considerably the
populations of other zooplankters.

Predatory feeding, impact of predation, Cyclops vicinus, Acanthocyclops robustus, rotifers, Czech
Republic, Palaearctic region

INTRODUCTION

Cyclopoid copepods represent a group with a dual position in trophic webs of plankton communi-
ties. Their early larval stages are herbivorous and feed on small algal cells. Later copepodite larvae
and adults may feed on plankton algae but they gradually change their feeding mode to predation
of plankton animals. The adults of large species even need a sufficient supply of animal food to be
able to produce eggs (Smyly 1970) although Whitehouse & Lewis (1973) obtained repeated pro-
duction of egg clutches from Cyclops abyssorum G. O. Sars, 1863, reared just on algal diet.

Growing interest in the food relationships within the plankton community have led to a series of
studies on both herbivorous and carnivorous feeding of various limnetic cyclopoid copepods (for
review see Brandl 1998a). The published data show a very wide range of animal species preyed
upon by cyclopoid copepods and significant impact of their predatory feeding on the other zoo-
plankton populations. The aim of this work is to present data about the food composition of the
cyclopoid species and about the impact of their predation on the other zooplankton in a carp pond.
We believe that even relatively old data can contribute to the contemporary discussion on the
extent of herbivorous and carnivorous feeding of cyclopoid copepods.

MATERIAL AND METHODS

During the period of intensive studies on pond ecosystems in carp ponds near Blatná, SW Bohemia, made by the
team of the Department of Parasitology and Hydrobiology, Faculty of Science, Charles University, detailed data
were obtained on zooplankton and its seasonal changes in several carp ponds. In 1980 and 1981 we performed
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paralell measurements of predatory feeding of carnivorous cyclopoid copepods in the pond Velký Pálenec (for
the description and detailed characteristics of this pond, see e.g., Hrbáček 1966, Fott et al. 1974 or Kořínek et al.
1987). This 31-ha eutrophic pond with an average depth of 1.44 m is used for carp cultivation, usually in a two-
year cycle with complete draining at the end of each cycle.

The experimental procedure used to measure the predation of cyclopoid copepods was essentially the same as
described by Brandl & Fernando (1978). The natural pond zooplankton was collected from a known volume of
water and concentrated. The size fraction containing predatory stages of cyclopoid copepods was separated from
the prey zooplankton by screening through metal sieves of convenient mesh size. The “prey zooplankton” (both
smaller and larger than the predators) was then thoroughly mixed and evenly distributed into experimental and
control replicates (usually two of each). The size fraction containing the predators was added only to the
experimental series of replicates. The replicates placed in 5-litre plastic bottles were re-diluted with filtered pond
water to the original pond zooplankton concentration. The bottles were hung in a horizontal position in the pond
for 24 hours. Then their content was concentrated using 0.04 mm sieve, preserved in 4% formalin and counted
under the microscope. The difference between the experimental and control series after 24 hours was then
attributed to predation by the cyclopoid copepods present in the experimental replicates. When egg-bearing
females of either cyclopoid copepods or other plankton animals were present in the “predator” size fraction, a
correction was applied in the experimental series for the number of newborn naupliar larvae or cladoceran
neonates. The correction was calculated from the number of eggs of each species per replicate, counted from two
other replicates preserved in the beginning of the experiments, and from the known temperature-related rate of
embryonic development (e. g., Bottrell et al. 1976, Herzig 1983).

The qualitative and quantitative data on species composition of zooplankton in the pond were derived from
representative samples (Hrbáček 1966) taken across the pond using a 30-litre Schindler sampler and resulting
usually in a sample from 450 l of water (data of the second author).

RESULTS

The cyclopoid copepods and their share in the plankton community
Three species of cyclopoid copepods represented predators in the pond community. The most
constant component was Cyclops vicinus Uljanin, 1875. The adults were present year-round in
densities usually between 1 and 10 per litre, rarely 3× more (June 1980). The later larval stages were
more numerous especially in spring and fall months when the density of copepodite larvae reached

Tab. 1. Predation rates of the cyclopoid copepods on the rotifer, cladoceran and copepod prey in the pond Velký
Pálenec, 1980–1981

Prey species No. of exp. series prey density, predation rate,
prey×l–1, range prey×predator–1×day–1,

median and (range)

Asplanchna sp. 6 1–1224 0.33 (0.05–0.80)
Brachionus angularis 2 6, 16 0.08 (0.02, 0.14)
Brachionus rubens 2 164, 409 2.60 (2.57, 2.63)
Conochilus unicornis 3 1–50 0.39 (0.10–0.50)
Keratella cochlearis 10 1–1485 0.86 (0.05–4.79)
Keratella quadrata 9 1–89 0.07 (0.02–0.64)
Polyarthra dolichoptera 15 2–261 0.40 (0.02–15.4)
Pompholyx sulcata 2 133, 390 0.08 (0.04, 0.13)
Synchaeta sp. 2 104, 245 2.76 (2.45, 3.06)

Daphnia galeata 6 3–283 0.35 (0.02–1.52)
Diaphanosoma brachyurum 1 24 0.03
Bosmina longirostris 2 1, 34 0.24 (0.03–0.46)

Copepoda, naupliar larvae 15 27–405 0.38 (0.06–2.32)
Cyclopidae, copepodite larvae 12 9–198 0.12 (0.05–0.70)
Eudiaptomus, copepodite larvae 3 1–40 0.02 (0.01–0.05)
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Fig. l. Predatory impact of cyclopoid copepods on cladocerans, copepods and rotifers in the pond Velký Pálenec,
1980: density per litre and the part eaten daily by cyclopoid copepods.

almost 100. l–1. The second important, and temporarily even more numerous species, was Acan-
thocyclops robustus (G. O. Sars, 1863) with occurrence seasonally limited to the second half of the
vegetation season. In 1980, the adults appeared in late June and reached high densities in Septem-
ber (28×l–1). In 1981, the period was the same: first adult males appeared in June, maximum density
of 28×l–1 was recorded in early September. The density of the later (IV+V) copepodite stages was
above 80×l–1 in September with more than 100×l–1 of younger copepodite larvae. This species
completely dissappeared from the community in late October.

The third species occurring in much lower densities (usually less than 1×l–1 and rarely between
1 and 5 per litre) was Cyclops strenuus Fischer, 1851. The adults of this species were present from
June to October in 1980 and from early spring till August in 1981. Other species of cyclopoid
copepods were recorded only occassionally in very low densities as Mesocyclops leuckarti (Claus,
1857) or Eucyclops serrulatus (Fischer, 1851) .

The most numerous representatives of cyclopoid copepods were always their naupliar larvae,
reaching densities of hundreds per litre (the maximum value 405×l–1 in May, 1980). However, due to
their herbivorous feeding mode they rather should be considered one of the possible prey species.

The herbivorous species available as a prey to cyclopoid copepods
The main component of the pond zooplankton community were cladocerans, represented mostly
by Daphnia galeata Sars, 1864. This is a relatively large species, namely in carp ponds with low
fish predation of large crustaceans, but its juveniles may become the prey of cyclopoid copepods.
Except for early spring and late autumn, the density of this species was always between 30 and 300
per litre, with more juveniles than adults. The other species of the same genus, the larger Daphnia
pulicaria Forbes, 1893, was rare in 1980 and more common in 1981 (up to 48×l–1 in May). Other
cladocerans were less important and occurred in low densities (Ceriodaphnia Dana, 1853) or with
seasonally limited period of higher densities (Bosmina longirostris (O. F. Müller, 1785): 16–30×l–1
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Tab. 2. Predation by cyclopoid copepods on Daphnia galeata juveniles (females not yet reproducing) compared to
the reproduction of the Daphnia population, data for the 1980 cases of significant predation on Daphnia

Date June 23 September 3 October 1
temperature, °C 18.4 17.3 13.6

Cyclopidae, predatory stages, density per litre 25.8 52.5 116.9
Daphnia galeata, juveniles, density per litre 205.4 122.2 87.3
newborn Daphnia galeata, % per day 5.9 11.7 14.2
D. galeata eaten by copepods, % per day 2.7 9.4 3.5

in October 1981, Diaphanosoma brachyurum (Liévin, 1848): 24×l–1 in August, 1980 and 8×l–1 in
August, 1981). Another possible crustacean prey, the copepodite larvae of two herbivorous cala-
noid copepods Eudiaptomus gracilis (G. O. Sars, 1863) and E. vulgaris (Schmeil, 1898) were
almost always present but they reached higher densities only in June (40×l–1 in 1980 and 13×l–1 in 1981).

The most numerous available prey were rotifers. We recorded 12 common species with up to 9
of them present at the same time. However, the occurrence of individual species was highly
seasonal and their maximum densities were usually limited to periods of few weeks. Then they
reached densities of up to hundreds per litre. In some species, these densities persisted for longer
periods – Keratella cochlearis (Gosse, 1851): 300–790×l–1 in August and September, 1980, and 110–
1485×l–1 in the same period of 1981. For the ranges of densities of some species, see Table 1.

Prey selection and predation rates of cyclopoid copepods
The list of species for which we recorded significant difference between the experimental and the
control treatments contained all possible prey species which were at least sometimes present in
higher densities. They included nine species of rotifers, three cladocerans, naupliar and the small
copepodite larvae of copepods (see Table 1). The most important component of the prey of
cyclopoid copepods were rotifers. The per capita predation rates by cyclopoid copepods of some
species of rotifers reached several specimens per day during the periods of high rotifer densities
(Polyarthra dolichoptera Idelson, 1925, Keratella cochlearis) but were low when a given rotifer
species was rare. Consistently high values were recorded for species with limited periods of
occurrence (Brachionus rubens Ehrenberg, 1838, Synchaeta sp.).

The rates of feeding on cladocerans were lower, especially when evaluated in relation to the
high possible gain of food in contrast to small rotifers. In most cases, the feeding rate on Daphnia
galeata was insignificant or not measurable. We recorded only six cases of significant values.
Those which we could compare with direct measurement of reproduction rate (1980) are given in
Table 2. They account for about a half of the production of Daphnia neonates per day.

The last, but not least, component of cyclopoid prey were younger copepodite and especially
naupliar larvae. The significant values of predation rates on one or the other of the larval stages
were recorded in all but one cases of our measurements.

The impact of predation on the whole zooplankton community
The summarized values of the daily eaten prey in terms of prey specimens compared to the overall
densities for the categories of cladocerans, copepods and rotifers are given in Figures 1 and 2. Since
the size and biomass are very different for individual prey species these figures give just a rough idea
of the impact of predation. Neverheless it is obvious that the predation is oriented mostly towards
the rotifer component of the zooplankton community especially during periods of the high rotifer
density. The relatively high impact of copepod predation on their own category is the result of
feeding on naupliar larvae rather than on the larger copepodite larvae. A high impact of the copepod
predation on newborn Daphnia galeata was found as well, but only occasionally (Tab. 2).
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Fig. 2. Predatory impact of cyclopoid copepods on cladocerans, copepods and rotifers in the pond Velký Pálenec,
1981: density per litre and the part eaten daily by cyclopoid copepods.

DISCUSSION

Cyclopoid copepods inhabiting the pond Velký Pálenec (i.e. mainly Cyclops vicinus and Acan-
thocyclops robustus) in both years caused measurable differences in prey densities between the
control and the experimental series of containers for at least part of the possible prey species
present in the pond. Whenever some species of rotifers were present in high densities they
became the preferred type of prey and per capita daily predation rates grew up to several speci-
mens of species like Polyarthra dolichoptera and Keratella cochlearis. Also the species which
occurred for just short periods, but in high numbers, were intensively preyed upon. The prefer-
ence of cyclopoid copepods for rotifer prey agrees with the data of numerous authors (from more
recent e.g. Diéguez & Gilbert 2002 or Plassman et al. 1997, for review of earlier data see Brandl
1998a). Plassman et al. (1997) found that Cyclops vicinus preferred Synchaeta spp. to species of
Keratella Bory de St. Vincent, 1822, and Polyarthra Ehrenberg, 1834, in Lake Constance. This
agrees with our data on high predation of Synchaeta Ehrenberg, 1832, in early spring when Cy-
clops vicinus and C. strenuus were present in the pond whereas Acanthocyclops was not. Brandl
(1998b) found per capita daily predation rates by Cyclops vicinus in two Czech reservoirs up to 4.2
for preying on Polyarthra dolichoptera and up to 3.4 for Keratella cochlearis. However, the
rotifer population densities were also lower in reservoirs than in the pond Velký Pálenec. Moreo-
ver, high copepod predation of rotifers of the other two most common genera, Polyarthra and
Keratella, can be at least partially attributed to the third cyclopoid predator, Acanthocyclops
robustus. This species is probably also responsible for predation of juvenile specimens of Daph-
nia galeata since we found the significant values of Daphnia consumption right in the periods of
high densities of adult and later larval stages of Acanthocyclops occurring at the same time as high
density of Daphnia. The increase of the Acanthocyclops robustus predation of Daphnia sp. was
also reported by Roche (1990). Similarly Caramujo & Boavida (2000) who studied the tail spine
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elongation in Daphnia as a defence mechanism against Acanthocyclops predation found signifi-
cantly high values of predation rates by Acanthocyclops robustus on the youngest instars of
Daphnia hyalina x galeata.

An even more important component of cyclopoid food than Daphnia are the naupliar and
younger copepodite larvae of both cyclopoid and calanoid copepods. Cannibalistic predation is a
common feeding mode in cyclopoid copepods (see e.g. Gabriel 1985). Brandl & Fernando (1978,
1981) reported the predation of naupliar larvae by Cyclops vicinus in pond and reservoir popula-
tions.

The extent of the predatory impact of cyclopoid copepods on the other zooplankton in the pond
Velký Pálenec varied from very low or zero values for some of the three groups of plankton animals
(usually cladocerans or rarely copepods) to a relatively high percentage, between 10 and 20
percent for the rotifer populations. Occasional high values for copepods occurred in the late
spring when the cyclopoid copepods were slowly receding from the plankton community and
entering their diapause phase on the bottom.

During the past decade, algae have been more closely examined as an important food source for
adult cyclopoid copepods and their later copepodite stages, and the share of the herbivorous and
the carnivorous feeding mode have been discussed (e.g. Adrian 1991, Hansen & Jeppesen 1992,
Santer 1993, Santer & Bosch 1994, Hansen 1996). There is no doubt that especially Cyclops
vicinus feeds opportunistically on large algal cells, coenobia or colonies since the algal material
can often be seen in the guts of living animals. However, the predation by cyclopoid copepods on
the other zooplankton species is an equally important mode of feeding and its impact on the other
species may often be essential for the further population development of the prey species.
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