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Abstract. Protozoa (Rhizopoda and Ciliata) were examined on mosses of Sphagnum genus in
Bubnéw and Lejno peatbogs in Poleski National Park (eastern Poland). Six rhizopod taxa and twenty four
ciliate taxa occurred. The biggest number, 26 taxa (6 testate amoeba and 20 ciliate) were found in Lejno
peatbog, and a little less 17 species (3 and 14, respectively) in Bubnéw peatbog. The greatest numbers of
testate amoeba occurred in Lejno peatbog. In Bubnéw peatbog the numbers of testate amoeba were
slightly lower. The numbers of ciliates in the examined areas were similar. In all moss samples bacterivo-
rous protozoan occurred in the highest numbers, while algivorous ones in the lowest.
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INTRODUCTION

Discoveries made between the 1970’s and 1980’°s, which point to the funda-
mental importance of micro-organisms (ciliates) in the functioning of water ecosys-
tems, gave rise to increased interest in those protozoa. Those microorganisms are
significant consumers of bacteria and phytoplankton, they participate in transforma-
tions of organic matter and biogenes [16]. These studies mainly concentrate on
benthic and planktonic protozoan, especially in lake and river ecosystems [7,15].
Among the different groups of protozoa, the testate amoebae (Rhizopoda) are both
abundant and diverse in mosses — including Sphagnum — dominanted peatland [14].
In addition, testate amoebae produce shells which are well preserved in peat and
allow palaeo-environmental reconstruction [9]. Recent studies on the effect of ni-
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trogen fertilization on microorganisms in Sphagnum — dominated peatland have
shown that Rhizopoda have a control position in the microbial trophic network and
react rapidly to environmental changes [5].

Papers concerning the occurrence of protozoa (Rhizopoda and Ciliata) in
peatbog ecosystems are scarce. The world literature on ecological studies includes
only a few publications regarding the abundance and taxonomic composition of
protozoa in mosses [11,13,17].

The aim of the investigations was to determine the taxonomic composition,
abundance and trophic groups of rhizopods and ciliates on mosses of Sphagnum
genus in a restoration area of the Poleski National Park.

STUDY AREA, MATERIAL AND METHODS

Protozoa (Rhizopoda and Ciliata) were examined on mosses of Sphagnum
genus in the Bubnéw and Lejno peatbogs in Poleski National Park (eastern Po-
land). In that area, in 1994, the largest and the most diverse restoration project
was launched. In spring, summer and autumn of 2005, from that area eight sam-
ples were collected by washing 10 g of wet mass of plant materials, and then
flooded with 10 ml of water. Four samples were preserved with Lugol salution.
Living observation was used for the taxonomic and trophic identification [3,4].
The determination of protozoa and the calculation of their abundance (individuals
per 100 mg w.m.) were conducted according to the methods by Primc-Habdija et
al. [12]. The frequency of occurrence of particular species was calculated as the
percentage of collected samples in which the species occurred. All the species
found were classified into four groups as follows: very constant species (i.e. oc-
curring in 61-100 per cent of the samples), constant species (i.e. occurring in 41-
60 per cent), accidental species (i.e. occurring in 21-40 per cent of the samples),
accessory species (i.e. occurring in less than 20 per cent of the samples).

RESULTS AND DISCUSSION
Species diversity

Six rhizopod taxa and twenty four ciliate taxa occurred in moss. The biggest
number, 26 taxa (6 rhizopod and 20 ciliate) were found in the Lejno peatbog and
a little less — 17 species (3 and 14, respectivelly) in the Bubnéw peatbog (Tab. 1).
The most characteristic species (exclusive species) were found in the Lejno peat-
bog. In that area Askenasia sp., Amphileptus pleurosigma, Codonella cratera, Col-
poda steinii, Didinium nasutum, Paramecium bursaria, Platophyra vorax, Proro-
don sp., Spathidium sensu lato, Strombidium viride (Ciliata) and Arcella vulgaris,
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Assulina muscorum, Hyalosphenia papilio (Rhizopoda) occurred. The ciliates be-
longing to genus Chilodontopsis, Holophrya and Enchelyomorpha were characteris-
tic of Bubnéw peatbog. The species belonging to the orders Pleurostomatida and
Prostomatida were observed in various trophic types of European lakes [4,10].

Table 1. The composition and frequency of protozoa found in investigated peatbogs of the Poleski
National Park

Taxon Lejno Bubnéw Frequency (%)
peatbog peatbog  Lejno peatbog Bubnéw peatbog

Rhizopoda
Arcella vulgaris + 11
Assulina muscorum + 5
Difflugia oblonga + + 89 90
Euglypha sp. + + 93 80
Hyalosphenia papilio + 3
Nebela longeniformis + + 90 75
Ciliata
Askenasia sp. + 8
Amphileptus pleurosigma + 33
Chilodontopsis depressa + 7
Cinetochilum sp. + + 58 15
Chlamydonella spp. + + 36 76
Codonella cratera + 6
Coleps hirtus + + 6 5
Colpoda steinii + 96
Didinium nasutum + 2
Enchelyomorpha vermicularis + 70
Enchelys sp. + 9 6
Frontonia sp. + 9 1
Gastronauta spp. + 89
Holophrya sp. + 8
Monodinium balbiani + + 11 3
Paramecium bursaria + 15
Paramecium putrinum + + 19 15
Platyophyra vorax + 15
Prorodon sp. + 2
Spathidium sensu lato + 5
Strombidium viride + 12
Stentor multiformis + + 2 2
Trochilia minuta + + 11 5
Urotricha sp. + + 15 8
Sum 26 17

A characteristic species Platophyra, usually occurring in the eutrophic Lake
Danghu [6], was observed as well. The species belonging to genus Chilodontopsis
were also observed in strongly contaminated waters [1]. The testate amoebae species
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characteristic of Lejno peatbog were also observed in plankton samples in the Parana
River (Brasil) [15] and in Sphagnum-dominated peatlands in west Europe [9].

In testate amoebae community in the Lejno and Bubnéw peatbogs Difflugia
oblonga, Nebela longeniformis and Euglypha sp. were very constant species.

In the Lejno peatbog, in ciliate community, Colpoda steinii was a very constant
species, Cinetochilum sp. were constant taxa, 2 species belonged to accessory taxa,
and 16 — to accidental ones. In moss from the Bubnéw peatbog — Chlamydonella
spp., Gastronauta spp. and Enchelyomorpha vermicularis occurred also as very
constant species, and 11 species belonged to the accidental category (Tab. 1).

Density, domination structure and trophic groups

The greatest numbers of testate amoebae occurred in the Lejno peatbog —
3270 ind. 100 g w.m. of plant materials. In the Bubnéw peatbog the numbers of
rhizopods was slightly lower and reached 1200 ind. 100 g w.m. The numbers of
ciliates in the examined areas were similar. The lowest density was observed in
the Bubnéw peatbog and it was 2300 ind. 100 g w.m. and the highest — 2423
ind." 100g w.m. — in the Lejno peatbog.

The domination structure of testate amoebae was similar. All of the studied
peatbogs were generally dominated by Difflugia oblonga, Nebela longeniformis
and Euglypha sp. constituted >25% of the total numbers. The other species
reached as little as <5% of the total numbers (Fig. 1a). According to Vincke et al.
[17] the moss is dominated by cosmopolitan and ubiquitous taxa.
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Fig. 1. Domination structure of Testate amoebae (a) and Ciliata (b) found in investigated peatbogs
of the Poleski National Park



SPECIES DIVERSITY OF PROTOZOA (RHIZOPODA, CILIATA) ON MOSSES 457

In the Lejno peatbog Colpoda steinii and Cinetochilum sp. constituted 53-23%
of the total numbers of the ciliates, respectively. Other ciliate taxa reached up to 7%
of the total numbers. In the Bubnéw peatbog the species belonging to Cyrtiphorida
(Chlamydonella spp. and Gastronauta spp.) and Suctorida (Enchelyomorpha ver-
micularis) constituted 23-33% of the total numbers (Fig. 1b). Other ciliate taxa
reached up to 4% of the total numbers. The domination of this orders could have
resulted from its wide ecological valency [3].

In both peatbogs bacterivorous protozoa occurred in the highest numbers, while
algivorous ones in the lowest. Bacterivorous protozoa occurred in the greatest pro-
portion of the total abundance in the Lejno peatbog, where they constituted 60%,
and in a smaller proportion — 52% in the Bubnéw peatbog. Omnivorous species
also occurred in greater numbers, constituting 23 and 20% of the total numbers of
protozoa, respectively. Protozoa feeding on mixed food reached the highest propor-
tion in the Lejno peatbog — 10% of the total numbers, while making up 5% of the
total community in the Bubnéw peatbog. Predatory protozoa constituted from 6 to
9% of the total numbers, while algivorous constituted < 2% of the total abundance
(Fig. 2). The slight proportion of algivorous protozoa could have been caused by
problems with access to food. Similar relations were observed in periphytic ciliates
in littoral zone of lakes of different trophic status in the f.gczynsko-Wilodawskie
Lakeland [8], and in moss samples from Gough and Marion Islands [2].

Lejno peatbog Bubndéw peatbog
10% 0%

5% 13%

O No. determined trophically @ Bacterivorous
B Algivorous O Predators
Omnivorous & Mixed food

Fig. 2. Trophic groups of protozoan found in investigated areas of the Poleski National Park
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CONCLUSION

The biggest number of protozoan species and abundance were found in the

Lejno peatbog, a little less in the Bubnéw peatbog. The moss was dominated by
cosmopolitan and ubiquitous taxa. Bacterivorous protozoa occurred in the highest
numbers, while algivorous ones in the lowest. Therefore, it can be supposed that
protozoa become a significant link in the flow of matter and energy between bac-
teria and higher invertebrates in those very specific microhabitats.

11.

12.

13.

REFERENCES

Foissner W., Berger H., Kohmann F.: Taxonomische und 6kologische Revision der Ciliaten
des Saprobiensystems. Hymenostomatida, Prostomatida, Nassulida. Informationsberichte des
Bayer — Landesamtes fiir Wasserwirtschaft, Miinchen, 548, 1994.

Foissner W.: Terrestial ciliates (Protozoa, Ciliophora) from two islands (Gough, Marion) in
the southern oceans, with description of two new species, Arcuospathidium cooperi and Oxy-
tricha ottowi. Archiv fiir Protisten., 12, 123-129, 1995.

Foissner W., Berger H.: A user-friendly guide to the ciliates (Protozoa, Ciliophora) com-
monly used by hydrobiologists as bioindicators in rivers, lakes and waste waters, with notes on
their ecology. Freshwater Biology, vol. 35. No. 35, 375-470, 1996.

Foissner W., Berger H., Schaumburg J.: Identification and Ecology of Limnetic Plankton Ciliates.
Informationsberichte des Bayer — Landesamtes fiir Wasserwirtschaft, Miinchen, 777, 1999.

Gilbert D., Amblard C., Bourdier G., Francez A.J.: The microbial loop at the surface of a peat-
land: structure, functioning and impact of nutrients inputs. Microbial Ecology, 35, 89-93, 1998.
Gong X.: The development of eutrophication in Lake Danghu. Wuhan, during the last two
decades based on the investigation of protozoan changes. Acta hydrobiol. 10, 340-352, 1986.
Kreig H.J.: Auswirkungen von Mischwasserimmissionen auf die Mikroorganismen der hete-
rotrophen Aufwusch- gemeinschaft des Isebekkanals (Hamburg). Limnologica, 30, 144-15, 2000.
Mieczan T.: Seasonal changes quality and quantity structure of periphytic ciliates in trophi-
cally different lakes. TEKA, 1, 146-151, 2004.

Mitchell E.A.D., Buttler A., Grosvernier Ph., Hydin H., Albinsson C., Greenup A.L.,
Heijmans M.M.P.D., Hoosbeek M.R., Saarinen T.: Relationships among testate amoebae
(Protozoa), vegetation and water chemistry in five Sphagnum-dominated peatlands in Europe.
New Phytol., 145, 95-106, 2000.

Nauwerck A.: Trophische structuren in pelagial des meromiktischen Hollerersees (Oberdster-
reich). Ber. Nat-Med. Ver. Salzburg, 11, 147-178, 1996.

Petz W.: Ecology of the active soil microfauna (Protozoa, Metazoa) of Wilkes Land, East
Antarctica. Polar Biology, 18, 33-44, 1997.

Primc-Habdija B., Habdija I., Plenkovi¢-Moraj A., Spoljar M.: The overgrowth capaciry of
periphyton on artifical substrates exposed at vertical profile in the Lake Visovac. Period Biol.,
99, 403-408, 1997.

Schwarz A.M.]J., Green J.D., Green T.G.A., Seppelt R.D.: Invertebrates associated with
moss communities at Canada Glacier, southern Victoria Land, Antarctica. Polar Biology, 13,
157-162, 1993.



SPECIES DIVERSITY OF PROTOZOA (RHIZOPODA, CILIATA) ON MOSSES 459

14. Warner B.G.: Abundance and diversity of testate amoebae (Rhizopoda, Testacea) in Sphagnum
peatlands in south-western Ontario, Canada. Archiv fiir Protistenkiinde, 133, 173-179, 1987.

15. Velho L.M.F.L., Lansac-Toha F., Bini L.M.: Influence of environmental heterogenity of the
structure of testate amoebae (Protozoa, Rhizopoda) assemblages in the plankton of the upper
Parana River floodplain, Brazil. Internat. Rev. Hydrobiol., 88,154-166, 2003.

16. Ventelid M.A., Wigckowski K., Moilanen M., Saarikari V., Vuorio K., Sarvala J.: The
effect of small zooplankton on the microbial loop and edible algae during a cyanobacterial
bloom. Freshwater Biol., 47, 1807-1819, 2002.

17. Vincke S., Gremmen N., Beyens L., Van de Vijver B.: The moss dwelling testacean fauna of
Ile de la Possession. Polar Biology, 27: 753-766, 2004.

KSZTAETOWANIE SIE ROZNORODNOSCI GATUNKOWE]
PIERWOTNIAKOW (RHIZOPODA, CILIATA)
NA MCHACH Z RODZAJU SPHAGNUM W RENATURALIZOWANYCH
OBSZARACH POLESKIEGO PARKU NARODOWEGO
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Streszczenie. Celem pracy byla analiza sktadu gatunkowego, liczebnosci oraz struktury trofic-
znej pierwotniakéw zasiedlajacych mchy z rodzaju Sphagnum na wybranych obszarach Poleskiego Parku
Narodowego poddanych w latach 90-tych zabiegom renaturalizacji. Fauna pierwotniakéw charaktery-
zowala si¢ znacznym bogactwem gatunkowym (od 17 gatunkéw na obszarze Bagna Bubnéw do 26
gatunkéw na obszarze torfowiska Lejno). Orzgski wystgpowaly w podobnych liczebno$ciach, korzen-
ionézki natomiast wyraznie wyzsze liczebnosci osiagaly na obszarze torfowiska Lejno. Stwierdzono
réwniez charakterystyczne proporcje migdzy gatunkami pierwotniakéw wystepujacych w mchu. Zaled-
wie trzy gatunki: Colpoda steinii, Enchelyomorpha vermicularis i Cinetochilum sp. wystgpowato w bar-
dzo duzych ilo$ciach; inne reprezentowane byly przez pojedyncze osobniki. W zespotach pierwotniakéw
najwigcej wystgpowato gatunkéw bakteriozernych, najmniej za$ gatunkéw glonozernych.

Stowa kluczowe: renaturalizacja, torfowiska, mech, korzeniondzki, orzeski



