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Abstract. Seasonal population dynamics and community composition of planktonic ciliates of Lake

Peipsi was studied in 1997-98. Ciliate abundance and biomass peaked in spring (May) and in

summer (July, August) reaching values up to 18 640 cells L™ and 587.4 ug L™'. The community of

ciliates was dominated by oligotrichs, haptorids, scuticociliates, prostomatids, and peritrichs. Larger
herbivorous species dominated in spring. In summer these were replaced by smaller bacterivores.

The abundance and biomass of ciliates in Lake Peipsi were in the same range as reported from

many temperate lakes, with values typical of mesotrophic waters. Altogether 23 identifiable taxa

were found.
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INTRODUCTION

Ciliates are unicellular eukaryotes, which can be found in almost every

aquatic environment. They have an important role both in freshwater and marine

food webs, although their significance in pelagic food chains has been fully
recognized only during the last decade. Clear evidence exists that planktonic
ciliates are an important food resource for large metazooplankton (Porter et al.,

1979; Dolan & Coats, 1991; Gifford, 1991). While ciliates can consume size-

able proportions of bacterio- and phytoplankton production, metazooplankton
predation on ciliates could be an important trophic link between pico- and

nanoplankton and metazoans. In addition to theirrole in energy transfer to higher
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trophic levels, ciliated protozoa act in bio-geochemical cycling of phosphorus
and nitrogen and can increase the availability of nutrients for phytoplankton
growth (Johannes, 1965; Buechler & Dillon, 1974; Berman et al., 1987). The

number of papers based on freshwater protozooplankton investigations has

increased recently (Hecky & Kling, 1981; Pace & Orcutt, 1981; Taylor &

Heynen, 1987; Beaver et al., 1988; Carrick & Fahnenstiel, 1990; Laybourn-Parry
et al., 1990; Carrias et al., 1994; James et al., 1995). However, the role of ciliated

protozoa in lake ecosystems is far from clear. Studies describing seasonal

succession of ciliates in freshwater ecosystems are still lacking.
The aim of this study was to describe the community structure, abundance,

and seasonality of planktonic ciliated protozoa in Lake Peipsi, the fifth largest
lake in Europe.

MATERIAL AND METHODS

The data set used in the present paper consists of protozooplankton analyses
made on Lake Peipsi in 1997-98. The sampling period lasted from May to

November in both years. Ciliate samples were collected monthly from sampling
stations 4 and 11 in 1997 and 4, 11, 16, and 38 in 1998. The entire water column

was sampled with a Ruttner water sampler. Samples were integrated and then

250 mL subsamples were preserved and fixed with acidified Lugol’s iodine.

Ciliate biomass and community composition were determined using the

Utermohl (1958) technique. Samples were stored at 4°C in the dark. Volumes of

50 mL were settled for at least 24 h in plankton chambers. Ciliates were

enumerated and identified with an inverted microscope (Olympus IX50) at

X 400-1000 magnification. The entire content of each Utermdhl chamber was

surveyed. Ciliates were usually identified to genus level by consulting several

works (Kahl, 1930, 1931, 1932, 1935; Kutikova & Starobogatov, 1977; Patterson

& Hedley, 1992; Foissner & Berger, 1996). The taxonomy followed mainly the

scheme of Corliss (1979). The first 20 measurable specimens encountered for

each taxon were measured. Biovolumes of each taxa were estimated by assuming
geometric shapes. Specific gravity was assumed to be 1.0 g mL™" (Finlay, 1982),
so the biomass was expressed as wet weight.

RESULTS AND DISCUSSION

During the investigation period 1997-98 the population of ciliated protozoans
was mainly dominated by oligotrichs. The most common oligotrichs were

Strobilidium spp., Strombidium sp., Codonella cratera, and Tintinnidium

fluviatile. On some occasions also haptorids (Askenasia volvox, Mesodinium sp.,

Dileptus sp.), prostomatids (Urotricha spp., Balanion sp., Coleps sp.), peritrichs
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(Vorticella spp., Epistylis procumbens), and scuticociliates (Uronema sp.,

Cyclidium sp.) were quite important (Fig. 1). All these groups are reported as

relatively common components of lacustrine protozooplankton (Shcherbakov,
1969; Mamaeva, 1976; Pace & Orcutt, 1981; Hecky & Kling, 1981; Beaver &

Crisman, 1982; Carrick & Fahnenstiel, 1990; Laybourn-Parry et al., 1990; Miiller

et al., 1991; James et al., 1995). The ciliate genera found in this study are typical
of temperate lakes. The greatest species diversity in both years was observed in

July. A list of species is given in Table 1. Altogether 23 identifiable taxa were

found.

The abundance and biomass of ciliates occurring in L. Peipsi were in the same

range as reported from many temperate lakes and typical of mesotrophic waters.

The maximum abundance was observed in sampling station 38 (23 July 1998,
18 640 cells L™") and the maximum biomass in sampling station 16 (13 August
1998, 587.4 ugL™).

In spring larger herbivorous oligotrichs (Strombidium sp., Strobilidium sp.,

Codonella cratera, Tintinnidiumfluviatile) dominated in all sampling stations. In

summer the abundance and biomass of large oligotrichs decreased, staying low

also during autumn. In sampling stations 11, 16, and 38 also a second peak
in ciliate abundance appeared in summer (Figs. 2 and 3). This peak was due

to small bacterivorous species (Uronema sp., Cyclidium sp., Strobilidium sp.
with @ <4O pm). The second peak was always higher than the spring peak of

herbivores. In sampling station 4, bacterivorous species were almost absent and

so the maximum abundance and biomass occurred in spring. Beaver & Crisman

(1982), who investigated 20 freshwater lakes along the trophic gradient, found

that the large algivorous species were progressively replaced by small

bacterivorous ciliates in more eutrophic conditions. While the occurrence of

small bacterivores is more typical of eutrophic waters, the results indicate that in

Fig. 1. Relative importance of different groups of ciliates in L. Peipsi in 1997-98 as a percentage of

total abundance.
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sampling stations 11, 16, and 38 more eutrophic conditions occur. During
summer also haptorids and prostomatids were common in sampling stations 16

and 38. The appearance of large carnivorous ciliates usually coincides with the

summer peaks of smaller bacterio- and bacterio-herbivorous ciliates, which are

very likely the major food source forcarnivores.

Taxon | 1997 I 1998

Haptorida

Dileptus sp.
X X

Mesodinium pulex Claparéde & Lachmann, 1858 - X

Askenasia volvox Claparéde & Lachmann, 1859 - X

Didinium sp. - X

Lacrymaria sp. - X

Heterotrichida

Stentoramethystinus Leidy, 1880 X -

Scuticociliatida

Scuticociliatida sp. — X

Cyclidium sp. X X

Uronema sp. - X

Oligotrichida

Strobilidium sp. 1 X X

Strobilidium sp. 2 X X

Strombidium sp. X X

Halteria grandinella O. F. Miiller, 1773
- X

Tintinnidium fluviatile Stein, 1833 M X

Codonella cratera Leidy, 1877
x X

Tintinnopsis tubulosa Levander, 1894
E x

Peritrichida

Vorticella natans Fauré-Fremiet, 1924 - X

Vorticella sp. X X

Epistylis procumbens Zacharias, 1897 X &

Prostomatida

Coleps spetai Foissner, 1984
- X

Urotricha farcta Claparéde & Lachmann, 1859 X X

Urotricha sp. — X

Balanion sp. X X

Table 1. Species list ofCiliophora found in L. Peipsi in 1997-98 (x = present, — = not present)
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Peaks in planktonic ciliate numbers, described in L. Peipsi in spring and late

summer, are in good accordance with the data on the seasonality of ciliates

(Beaver & Crisman, 1989). It has been found that the spring peak of ciliates is

dominated by larger herbivorous ciliates and the second peak in summer is

formed mostly by smaller bacterivores (e.g. Carrick & Fahnenstiel, 1990, Simek
& Staskrabova, 1992). In L. Peipsi, the maximum cell density and biomass were

found mostly in summer. However, in most temperate lakes across the trophic

spectrum the maximum abundance of ciliates is achieved in late spring
(Laybourn-Parry, 1992). There are exceptions to this trend, however. In shallow

Ruster Poschen, the maximum abundance of ciliates was recorded in late

summer, not in spring (Schonberger, 1994). Gates & Lewg (1984) described late

summer peaks in several oligotrophic lakes in Ontario. Also in L. Vortsjirv, the

second largest lake in Estonia, the highest ciliate numbers are usually recorded in

late summer (Zingel, 1999).
Ciliate collapse in early summer coincides usually with the start of

metazooplankton development. Metazooplankton is known to prey intensively on

ciliates (Sorokin & Paveljeva, 1972; Maly, 1975; Berk et al., 1977; Heinbokel &

Beers, 1979; Porter et al., 1979) and can so affect their numbers. Various studies

conducted in enclosures have demonstrated the limiting effects of copepods on

Fig. 2. Ciliate abundance and biomass in L. Peipsi in 1997.



Fig. 3. Ciliate abundance and biomass in L. Peipsi in 1998.
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ciliates (Carrick et al., 1991; Taylor & Johansson, 1991). Wickham & Gilbert

(1991, 1993) showed that both large and small cladocerans can suppress ciliates

through predation and interference, rather than exploitative competition.
According to Laybourn-Parry (1992), also competition for food resources may be

one of the main factors controlling the temporal patterns of ciliates.

The patterns of ciliate abundance and species composition found in this study
are unlikely to be controlled by any single factor. Further studies on the

distribution and feeding modes of ciliated protozoans in L. Peipsi are needed to

get more detailed information on their role in the food web and factors

controlling their seasonality.

ACKNOWLEDGEMENTS

I would like to thank the whole staff of Vortsjarv Limnological Station for

valuable help in this study. The data used in this paper were collected within the

monitoring project of Lake Peipsi financed by the Estonian Ministry of the

Environment.

REFERENCES

Beaver, J. R. & Crisman, T. L. 1982. The trophic response of ciliated protozoans in freshwater

lakes. Limnol. Oceanogr., 27, 246-253.

Beaver, J. R. & Crisman, T. L. 1989. The role of ciliated protozoa in pelagic freshwater ecosystems.

Microb. Ecol., 17, 111-136.

Beaver, J. R., Crisman, T. L. & Biernert, R. W. 1988. Distribution of planktonic ciliates in highly
colored subtropical lakes: Comparison with clearwater ciliate communities and the

contribution of mixotrophic taxa to total autotrophic biomass. Freshwater Biol., 20, 51-60.

Berk, S. G., Brownlee, D. C., Heinle, D. R., Kling, H. J. & Colwell, R. R. 1977. Ciliates as a food

source for marine planktonic copepods. Microb. Ecol., 4, 27-40.

Berman, T., Nawrocki,M., Taylor, G. T. & Karl, D. M. 1987. Nutrient flux between bacteria,

bacterivorous nanoplanctonic protists and algae. Mar. Microb. Food Webs, 2, 69-82.

Buechler, D. G. & Dillon, R. D. 1974. Phosphorus regeneration in freshwater Paramecia. J.

Protozool., 21, 339-343.

Carrias, J. F., Amblard, C. & Bourdier, G. 1994. Vertical and temporal heterogeneity of planktonic
ciliated protozoa in a humic lake. J. Plankton Res., 16, 471-485.

Carrick, H. J. & Fahnenstiel, G. L. 1990. Planktonic protozoa in Lakes Huron and Michigan:
Seasonal abundance and composition of ciliates and dinoflagellates. J. Great Lakes Res.,

16, 319-329.

Carrick, H. J., Fahnenstiel, G. L., Stormer, E. F. & Wetzel, R. G. 1991. The importance of

zooplankton—protozoan trophic couplings in Lake Michigan. Limnol. Oceanogr., 36, 1335—

1345.

Corliss, J. O. 1979. The Ciliated Protozoa: Characterization, Classification and Guide to the

Literature. 2nd edition. Pergamon, London.

Dolan, J. R. & Coats, D. W. 1991. Preliminary prey digestion in a predacious estuarine ciliate and
the use of digestion data to estimate digestion. Limnol. Oceanogr., 36, 558-565.



69

Finlay, B.J. 1982. Procedures for the isolation, cultivation and identification of protozoa. In

Experimental Microbial Ecology (Burns, R. G. & Slater, J. H., eds.), pp. 44-65. Blackwell

Scientific, Oxford.

Foissner, W. & Berger, H. 1996. A user-friendly guide to the ciliates (Protozoa, Ciliophora)
commonly used by hydrobiologists as bioindicators in rivers, lakes, and waste waters, with

notes on their ecology. Freshwater Biol., 35, 375-482.

Gates, M. A. & Lewg, U. T. 1984. Contribution of ciliated protozoa to the planktonic biomass in a

series ofOntario lakes, quantitative estimates and dynamical relationships. J. Plankton Res.,

6, 443-456.

Gifford, D. J. 1991. The protozoan-metazoan trophic link in pelagic ecosystems. J. Protozool., 38,
81-86.

Hecky, R. E. & Kling, H. J. 1981. The phytoplankton and proto-zooplankton of Lake Tanganyika:
Species composition, biomass, chlorophyll content and spatio-temporal distribution.

Limnol. Oceanogr., 26, 548-564.

Heinbokel, J. F. & Beers, J. R. 1979. Studies on the functional role of tintinnids in the Southern

California Bight. 3. Grazing impact ofnatural assemblages. Mar. Biol., 52, 23-32.

James, M. R., Burns, C. W. & Forsyth, D. J. 1995. Pelagic ciliated protozoa in two monomictic,

southern temperate lakes of contrasting trophic state: Seasonal distribution and abundance.

J. Plankton Res., 17, 1479-1500.

Johannes, R. E. 1965. Influence of marine Protozoa on nutrient regeneration. Limnol. Oceanogr.,
10, 434-442.

Kahl, A. 1930. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 1. Allgemeiner Teil

und Prostomata. Tierwelt Deutschlands, 18, 1-180.

Kahl, A. 1931. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 2. Holotricha aufer
den im 1. Teil behandelten Prostomata. Tierwelt Deutschlands, 21, 181-398.

Kahl, A. 1932. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 3. Spirotricha. Tierwelt

Deutschlands, 25, 399-650.

Kahl, A. 1935. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 4. Peritricha und

Chonotricha. Tierwelt Deutschlands, 30, 651-886.

Kutikova, L. A. & Starobogatov, A. J. 1977. A Key to Freshwater Invertebrates ofEuropean USSR

(Plankton and Benthos). Gidrometeoizdat, Leningrad (in Russian).
Laybourn-Parry, J. 1992. Protozoan Plankton Ecology. Chapmann & Hall, London.

Laybourn-Parry, J., Olver, J., Rogerson, A. & Duvergé, P. L. 1990. The temporal and spatial
patterns of protozooplanktonabundance in a eutrophic temperate lake. Hydrobiologia, 203,

99-110.

Maly, E. J. 1975. Interactions among the predatory rotifer Asplancha and two prey, Paramecium

and Euglena. Ecology, 56, 346-358.

Mamaeva, N. V. 1976. Planktonic ciliates in the Ivan’kovsky water reservoir. Zool. Zh. Uk., 55,

657-664.

Miiller, H., Schone, A., Pinto-Coelho, R. M., Schweizer, A. & Weisse, T. 1991. Seasonal

succession ofciliates in Lake Constance. Microb. Ecol., 21, 119-138.

Pace, M. L. & Orcutt, J. D. 1981. The relative importance of protozoans, rotifers, and crustaceans

in a freshwater zooplankton community. Limnol. Oceanogr., 26, 822-830.

Patterson, D. J. & Hedley, S. 1992. Free-Living Freshwater Protozoa. A Color Guide. Wolfe

Publishing, London.

Porter, K. G., Pace, M. L. & Battey, J. F. 1979. Ciliate protozoans as links in freshwater planktonic
food chains. Nature, 277, 563-565.

Shcherbakov, A. D. 1969. Quantity and biomass of Protozoa in the plankton of a eutrophic lake.

Hydrobiol. J., §, 9-15.

Schonberger, M. 1994. Planktonic ciliated protozoa of Neusiedler See (Austria/Hungary) — a

comparison between the turbid open lake and a reedless brown-water pond. Mar. Microbial

Food Webs., 8, 251-263.



70

Simek, K. & Straskrabov4, V. 1992. Bacterioplankton production and protozoan bacterivory in a

mesotrophic reservoir. J. Plankton Res., 14, 773-787.

Sorokin, Y. I. & Paveljeva, E. B. 1972. On the quantitative characteristics of the pelagic ecosytem

of Dalnee Lake (Kamchatka). Hydrobiologia, 40, 519-552.

Taylor, W. D. & Heynen, M. L. 1987. Seasonal and vertical distribution of Ciliophora in Lake

Ontario. Can. J. Fish. Aquat. Sci., 44, 2185-2191.

Taylor, W. D. & Johansson, O.E. 1991. A comparison of estimates of productivity and

consumption by zooplankton for planktonic ciliates in Lake Ontario. J. Plankton Res., 13,

363-372.

Utermohl, H. 1958. Zur Vervollkommnung der quantitativen Phytoplankton Methodik. Mitt. Int.

Ver. Theor. Angew. Limnol., 9, 1-38.

Wickham, S. A. & Gilbert, J. J. 1991. Relative vulnerabilities of natural rotifer and ciliate communities

to cladocerans: Laboratory and field experiments. Freshwater Biol., 26, 77-86.

Wickham, S. A. & Gilbert, J. J. 1993. The comparative importance of competition and predation by
Daphnia on ciliated protists. Arch. Hydrobiol., 126, 289-313.

Zingel, P. 1999. Pelagic ciliated protozoa in a shallow eutrophic lake: Community structure and
seasonal dynamics. Arch. Hydrobiol. 146, 495-511.

PEIPSI JÄRVE PLANKTILISED TSILIAADID:

KOOSLUSE STRUKTUUR JA SESOONNE DÜNAAMIKA

Priit ZINGEL

Aastatel 1997-1998 uuriti Peipsi jdrve planktiliste tsiliaatide populatsiooni
diinaamikat ja koosluse struktuuri. Arvukus ja biomass olid korged kevadel

(mais) ja suvel (juulis, augustis), tdustes viirtusteni 18 640 rakkul™' ja
587,4 ug 1™ ning langesid vahemikku, mis on tiiiipiline mesotroofsetele paras-
vootme jarvedele. Tsiliaatide koosluses olid domineerivad oligotrihhid, hapto-
riidid, skutikotsiliaadid, prostomatiidid ja peritrihhid. Kevadel olid arvukaimad

suured herbivoorsed liigid, mis asendusid suvel viiksemate bakterivooridega.
Kokku leiti Peipsi jarvest 23 planktiliste tsiliaatide taksonit.
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