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Tirjakova E., Vdaény P.. Spolofenstva nélevnikov (Protozoa, Ciliophora) v dendrotelmdch a vplyv
vybranych environmentilnych faktorov na ich Struktiru.

Sledovali sme spolo¢enstva nélevnikov v dendrotelmédch 3 druhoch drevin (Acer campestre, Carpinus betulus,
Ouercus dalechampii). V 136 vzorkich sme uréili 94 taxénov nilevnikov. Iba v 2 dendrotelméch sa ndlevaiky
nevyskytli. Diverzila bola velmi nepravidelnd od 0-15 druhov v jednej dendrotelme, vii¢sinou sa vyskytovalo
3-6 druhov. Podobne i podetnost’ bola vel'mi nepravidelnd a prudko kolisala od 0-200 000 ex/ml. Frekvencia
vyskytu vo vzorkich ani u jedného druhu neprekrodila hodnotu 30%. NajvysSiu frekvenciu sme zaznamenali
u druhov Lepropharynx costatus (28,68%) a Sathrophilus mobilis (27,21%). Bohato zastipend bola podtrieda
Peritrichia (najmi zistupcovia rodov Propyxidium a Scyphidia. Na ziklade CCA anylyzy (testovanych 15 no-
mindlnych a 2 gradientové premenné, zktorych 9 bolo Statisticky vyznamnych) boli rozlitené Styri zdkladné
spoloenstvi nilevnikov. Ako rozhodujice faktory ovplyvilujlice zloZenie taxocendéz posobili druh dreviny,
velkost (objem) a vek telmy, pritomnost’ Rotifera a inych Metazoa. Tieto vysledky boli potvrdené aj hierar-
chickou klasifikicion. Druhovo najbohatiie a od ostatnych najodlidnejSie boli telmy odobraté z Quercus
dalechampii, druhovo najchudobnejSie a osobitné postavenie mali telmy s objemom pod 1 ml a telmy s obje-
mom nad 500 ml. Wishartov index na ziklade veku telmy zIi&il do jedného zhluku najmladsie a najstarsie
telmy. Serensenov index tie# potvrdil osobitné postavenie najmladich teliem a tym aj vyznam Casového fak-
tora na formovanie spolotensticy ndlevnikov v dendrotelméch.
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Abstract

Bfn:to§0\/il P.‘. Tirjak(.wfi E.: Selected ecological characteristics of ciliate communities (Protozoa,
Ciliophora) in decaying wood mass in the Malé Karpaty Mountains. Ekolégia (Bratislava), Vol.
24, Supplement 2/2005, p. 37-50.

In total 28 samples of 14 tree species were collected from 13 localities of Slovakia durine the
resez}rch of ciliate communities in decaying wood mass in 2001-2004. Generally 58 (:"(liulc
species (Protozoa: Ciliophora) were determined in our samples and 9 species were recorded in
Slovakia for the first time. Apart from the species diversity the research has included analyses
on structure of systematic and feeding groups, genus—species relationships and forming the
communities in dependence on tree species. Colpodids predoeminated in systematic categories
and bacteriovores were dominant in feeding groups. The maximum of species (8) was noted in
the genus Colpoda. Hierarchical classification based on identity of ciliate species on trees has
differentiated two large groups of tree communities. However the tree species probably does not
seem to play a very important role in forming ciliate communities. Even no special relation (or
differences of species spectrum) has been proved between deciduous and coniferous trees.

Key words: ciliates, communities, wood mass, decay, Malé Karpaty Mountains

Introduction

Rocks, mushrooms, mosses and lichens growing at trees and decaying wood mass have
their own characteristic fauna. The common feature of the mentioned microhabitat fauna
has been derived from general soil fauna (Wallwork, 1976). A lot of studies have been
published on decaying processes in wood. They are mainly concentrated on the role of
various arthropod groups in decaying wood (e. g. Wallwork. 1976; Speight, 1989; Dajoz,
2000). The importance of Protozoa (ciliates too) in decaying processes has been studied
sporadically. As the majority of ciliates living in terrestrial habitats are bacteriovores
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(Brunberg Nielsen, 1968; Laminger, 1980; Nikolyuk, 1965, 1969 etc.), their role in the
wood decay is mainly releasing the nutriments after the consumption by bacteria. Several
authors have hinted at decaying processes in soil (Bamforth, 1973; Stout, 1973). An
increased supply of nutriments positively influences the abundance of microfauna, which
is trophicaly associated with successive wood decay caused by macrofauna.

Despite the rapid progress of terrestrial and semiterrestrial ciliate research in the
recent years, there have not been published any entire data on ciliates living in decaying
wood mass. Just several studies present some data on occurrence of ciliates in wood,
however mainly with no details on studied tree species (Wenzel, 1953; Blatterer,
Foissner, 1988; Foissner, 1993a). In fact there are only several authors determining
relevant tree species (Miteva, 1992; Foissner, 1993b; Foissner, 1994; Foissner et al.,
2002).

Some authors paid attention to the occurrence of ciliates living in the terrestrial
habitats of the Malé Karpaty Mts, for instance Mrva, Matis (2000) and Mrva (2003)
studied gymnamoebae (Protozoa: Amoebozoa) in the leaf-litter and dendrotelmae of
oak-hornbeam forests. The large research on litter, soil and moss has contributed to the
knowledge on species diversity of ciliates, amoebas (Tirjakovd et al., 2002) and
arthropods (Holecovd et al., 2002, 2005) in oak-hornbeam forests of the Malé Karpaty
Mts.

Material and methods

In total 28 samples of bark and wood mass in various stages of decay were collected from 13 localities of
Slovakia during the years 2001-2004 (Table 1). The stage of wood decay (SD) was considered according to
the following scale: 1 — bark of living steady tree, 2 — decaying wood mass without contact with soil, 3 —
decaying wood mass in contact with soil and with well-preserved wood structure, 4 — decaying wood mass in
contact with soil and in far-gone stage of decay, 5 — decaying wood mass in contact with soil without
preserved wood structure. The material was collected from 14 tree species, as followed: Acer campestre (Ac),
A. pseudoplatanus (Aps), Alnus glutinosa (Ag), Betula pendula (Bp), Carpinus betulus (Cb), Cerasus aviwm
(Ca), Fagus sylvatica (Fs), Fraxinus excelsior (Fe), Picea excelsa (Pe), Pinus sylvestris (Ps), Quercus
dalechampii (Qd), Q. petraca (Qp), Q. pubescens (Qpu) and Q. robur (Qr).

Resting cysts of ciliates from air-dried samples were reactivated using the ,non-flooded Petri dish
method” (Foissner, 1987c). Ciliate species were determined by combining .in vivo™ observations and
protargol impregnation (Foissner, 1991). Mainly the publications of Foissner (1981b, 1982, 1984, 1987a, b,
19934, b, 1999) and Foissner et al. (2002) were used Lo determine the ciliate species.

The frequency of ciliate taxa was categorised according to Schwerdtfeger (1975): species of the 1" class
(0-10%), 2" class (11-25%), 3" class (26-45%), 4" class (46-70%) and 5" class (71-100%).

Communities of ciliates were compared to each other using hierarchical classification, based on identity
of species representation (Sgrensen’s index of dissimilarity, complete linkage method). The cluster analysis
was made with the help of the program Syntax (Podani, 1993).

Table I The list ol studied localities.

No. Locality DFES* Tree species” No. of samples
I Borinka—under Pajstin reservation 7768 [Cb,Qr 2
2 Bratislava-Bystrické forest park 7768 |Fs 1
3 Bratislava-Karlova Ves under Sitina 7868 |Ca 1
4 Bratislava—Koliba 7868 | Ca,Cb,Fe,Pe, Ps,Qp 7
5 Bratislava—Zelezni studienka 7868 | Ps |
6 Devinska Kobyla above telecast 7867 [Qpu 2
7 Figelka 7669 | Aps,Qd 2
8  Lozorno-Rusniaky 7668 |Ag,Cb 3
9 Nahda¢—Katarinka 7471 |Ca |
10 Pohanskd NPR 7569 |Ac,Fe 2
Il Stupava-Lintavy 7768 [Bp,Cb,Fs.Qd 4
12 Vinosady—environment 7669 |Ac 1
13 Zbojnicka 7768 |Cb 1

Notes: a - square of the Databank of Slovak fauna; b - abbreviations of tree species see chapter Material
and methods

Results and discussion

Generally 58 ciliate species (Protozoa: Ciliophora) being classified into 7 classes,
9 subclasses, 16 orders and 27 families were identified in 28 samples of decaying wood
mass of 14 tree species. The highest species richness (33) (in sensu Spellerberg, Fedor,
2003) was recorded in the samples of Carpinus betulus (Table 2). All the ciliate species
have been observed worldwide from various terrestrial habitats for instance in soil, litter,
dry mosses and sand (e. g. Foissner, 1987a, b; Foissner et al., 2002; Tirjakovd, Matis,
1987 etc.).

Nine species of the total number of ciliates were recorded in Slovakia for the first
time: Anictostoma terricola, Arcuospathidium  japonicum, Bakuella pampinaria,
Enchelys polynucleata, Ilsiella elegans, Litonotus muscorum, Oxytricha granulifera
quadricirrata, Platyophrya macrostoma and Spathidium turgitorum.

The first records of ciliates refer to wood mass of 7 tree species in 5 localities. All the
first records were confirmed in 1-2 localities and in the samples of 1-3 tree species.
Maximum of the records corresponds with the locality Stupava—Lintavy (Tirjakova,
Barto$ova, 2004).

18 from a total of 58 ciliate species identified occurred in one sample and 7 of them
were recorded in two samples. This fact reflects a high proportion of rare species
(Fig. 1), being also proved by Fig. 2 with 44% of species with frequency < 10%. None of
the species occurred in all the samples. Leptopharynx costatus — the most frequent
curyoecious species occurred in 82.1% of the samples (Fig. 1, Table 2). It has been
classified in the 5" frequency category together with Colpoda steinii (Fig. 2). The 4" and
5" frequency categories have included just 5 species (Colpoda cucullus, C. inflata, C.
steinii, Gonostomum affine and Leptopharynx costatus) with their frequency > 45%
(Fig. 2, Table 2). All these species are common in terrestrial habitats. Colpodids belong
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to r-strategists and fast-growing species well adapted to utilise very short and wel
periods. The cell division in cysts is considered as an r-selective life strategy a‘nd serves
for the fast multiplying in a short time, what enables ciliates their wide distribution and to
colonise various terrestrial habitats (Liiftenegger et al., 1985; Foissner et al., 2002).

al
@

species number
R R R . |
(=] n B [e2] [ee] o no = m [os]
Gl - o s ]

frequention (%)

Fig. 1. Frequentions of 58 ciliate species recorded in 28 samples of decaying wood mass.
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Fig. 2. Percentual representation of ciliate species in frequention groups (categorization in
groups according to Schwerdtfeger, 1975).

Blatterer, Foissner (1988) show 23 species with frequency = 50% in soil samples
from Australia. The total of 20 species occurred with the frequency = 50% in Germany
(Foissner, 2000). 17 and 13 species were recorded in Austria (Tullnerfeld or alpine
habitats) (Foissner et al., 1985; Foissner, 1981a) and 12 species with the same frequency
occurred in South America (Foissner, 1997). Totally 11 species with frequency = 48%
were found in samples from Namibia (Foissner et al., 2002) and 19 species with their
frequency > 55% were noted in Kenya (Foissner, 1999). 15 species belonged to the most
frequent in Antarctica (Foissner, 1996). Many samples collected in Antarctica did not
include any species, what might refer to very low frequency values. Therefore species

with their frequency = 5.1% have been classified into the category of the most frequent
species.

Structure of systematic classes

The percentual structure of ciliates recorded in the samples from decaying wood is
demonstrated on the Fig. 3 and 4 according to their systematic classes. From this point of
view we can submit following ascendant rank: Heterotrichea (1.7%), Phylopharyngea
(5.2%), Nassophorea (6.9%), Oligohymenophorea (17.2%), Spirotrichea and
Litostomatea (19.0%) and Colpodea (31.0%) (the system accords to Lynn, Corliss, 1991,
Fig. 3). Being based on the older system by Corliss (Corliss, 1979) (Fig. 4) the structure
appears as followed: Polyhymenophora (20.7%), Oligohymenophora (24.1%) and
Kinetofragminophora (55.2%).

H Colpodea

31.0% _
{1 Heterotrichea

@ Litostomatea
¥ Nassophorea

f Oligohymenophorea
17.2% e

# Phylopharyngea

5 = Spirotrichea
% 19.0%

Fig. 3. Percentual representation of ciliate species in systematic groups (the system according
to Lynn, Corliss, 1991).

Tirjakova (1988), who has been studying soil ciliates in field communities, found out,
that  Kinetofragminophora and Polyhymenophora (43%) had been dominantly
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represented.  Soil habitats  are  mainly  characteristic by distinct  prevalence  of
Kinetofragminophora, actually proved by Foissner (1981a), Buitkamp (1977), etc.
According to Foissner (1985), the high proportion of colpodids is one of the most
important characteristics of soil ciliate community in contrast to limnic habitats. This has
been proved by many other studies, for instance by Foissner et al. (2002).
Oligohymenophora and Polyhymenophora (mainly Spirotrichea) keep the dominant
position in limnic habitats e.g. BaldZzi, Matis (2002) considered Spirotrichea as a
dominant class with prevalence of hypotrichs (49%). Oligohymenophora with 57% of
peritrichs were the second dominant class, what actually refers to the Foissner’s
arguments (1981a, 1987c¢; Foissner et al., 2002), that peritrichs and sessile forms are
predominant in limnic habitats and in soils they are substituted by Kinetofragminophora
and Polyhymenophora.

B Kinetofragminophora

1 Oligechymenophora
55.2%

@ Polyhymenophora

Fig. 4. Percentual representation of ciliate species in systematic groups (the system according
to Corliss, 1979).

Trophic groups

The ingestion of 10 various feeding groups were studied to set the food preference of
ciliates: bacteria, ciliates, diatoms, zooflagellates, phytoflagellates, hyphae and fungal
spores, gymnamoebae, thecamoebae, rotifers and detritus.

Ciliates split into 3 trophic categories according to the above-mentioned food
sources: bacteriovores, predators and omnivores (Fig. 5). Bacteriovores include species
feeding on bacteria. However, if a species feeds on minimally 2 various food sources
apart from bacteria, it is classified as an omnivore. Generally, omnivores included ciliate
species feeding minimally on 3 various food sources. Predators were defined as the
species feeding on ciliates, flagellates, amoebas, rotifers and nematodes.

During the evaluation of ciliate food preference we established, that the highest
percentage of the recorded ciliate species fed on bacteria (51.7%). The prevalence of

A4

bacteriovores in the samples may be explained by sufficient food supply as bacteria
considerably participate on wood mass decay. In accordance with couple of authors as
well as our results most of ciliate species living in soil are bacteriovores (e. g. Brunberg
Nielsen, 1968; Laminger, 1980; Nikolyuk, 1965, 1969). Foissner (1981a) shows as many
as 86 resp. 94% bacteriovores in alpine soils. Tirjakova (1997) generally recorded 66%
ciliate species feeding on bacteria in agrocoenoses. However, some of the recorded
omnivores were classified into bacteriovores as well. Gellért (1956) noted only 27%
portion of exclusive bacteriovores (without omnivores) in the humus horizon under
mosses.

B Omnivores
@ Bakteriovores

[0 Predators

Fig. 5. Percentual representation of ciliate species in feeding groups,

The rest portion was formed by omnivores (27.6%) and predators (20.7%) in our
samples. Tirjakovd (1997) and Gellért (1956) published higher values in representation
of predators (33.5% and 37.8%) in field communities or humus. Foissner (1981a)
recorded only 7 resp. 2.8% of predators in alpine soils. Predators were represented by a
relatively high percentage (about 21%) in decaying wood mass.

Genus—species relationships

The 58 identified ciliate species have been classified into 39 genera. Most of them were
represented by one species (76.9%, Fig. 6) what may hint at similar food requirements of
the same genus species, which are in mutual competition.

The results from various authors have been considerably different. Foissner (1981a)
recorded 67% genera with one species only in the ciliate community research of alpine
soils. The maximum values did not exceed 80% in agrocoenoses studied by Tirjakova
(1997). Foissner et al. (2002) noted just 20.2% genera with one species in their samples
rom Namibian terrestrial habitats.
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Fig. 6. Genus—species relationships of ciliates.

In the samples five genera were represented by two species (12.8%), two genera by
three (5.1%), one genus by four (2.6%) and one (Colpoda) by eight species (2.6%). The
prevalence of colpodids in the samples corresponds with the general statement, that the
genus Colpoda is commonly represented in soils world-wide, for instance Foissner
(1981a) recorded six colpodid species in alpine soils, Tirjakova (1988) recorded
8 species in field communitics and Foissner et al. (2002) 17 colpodids from the genus
Colpoda.

The similarity of ciliate communities

Communities of ciliates were mutually compared using hierarchical classification, based
on identity of species representation (Sgrensen’s index of dissimilarity, complete linkage
method). Totally 58 ciliate species recorded in the samples from 14 tree species were
included in the analysis.

Hierarchical classification (Fig.7) has differentiated two large groups of tree
communities, which split up into several smaller groups.

The first group of the communities has divided into two smaller clusters. The first
most diversified cluster consists of the following tree species: Acer campestre, Fraxinits
excelsior, Quercus petraea, Alnus glutinosa, Quercus dalechampil, Fagus sylvatica and
Carpinus betulus. It includes 56 ciliate species, actually 96.6% of the total number of
species recorded in the decaying wood mass samples. The second cluster is formed by
four tree species (Betula pendula, Pinus sylvestris, Quercus robur and Picea excelsa)
and is characterised by presence of 25 ciliate species. Two of them appear with a low
frequency (Colpoda henneguyi and Frontonia angusta).
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Fig. 7. Hierarchical classification of ciliate communities at tree species (Strensen’s index,
complete linkage) (vertical axis — dissimilarity, horizontal axis — tree species: 1- Acer
campestre, 2 — Fraxinus excelsior, 3 — Quercus petraea, 4 — Alnus glutinosa, 5 — Quercus
dalechampii, 6 — Fagus sylvatica, 7 — Carpinus betulus, 8 — Betula pendula, 9 — Pinus
sylvestris, 10 — Quercus robur, L1 - Picea excelsa, 12 — Acer pseudoplatanus, 13 — Cerasus
avium, 14 — Quercus pubescens).

The second group of the communities has split up into the other two clusters. The
first one determined by Acer pseudoplatanus has been established at a relatively high
value of dissimilarity. Only 4 ciliate species were recorded in the relevant samples. They
may be considered as common terrestrial ciliates (Colpoda steini, Leptopharynx
costatus, Platyophrya spumacola and Pseudocohnilembus pusillus). The second cluster

joins to the first one at the lower value of dissimilarity. It includes 11 ciliate species

being recorded in the samples of Cerasus avium and Quercus pubescens. The rare
species Bresslaua vorax was confirmed in the sample of Cerasus avium.

Although splitting the communities on the basis of a tree species structure is relatively
distinet, we do not have to overrate its effect. Confrontation with other papers (Barto$ova
et al., 2005) hints at the contradiction. From this point of view a tree species structure is
not supposed to play a significant role in forming ciliate communities. Any special
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relation or differences in species diversity have not been proved even between deciduous
and coniferous trees.

Translated by authors
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Bartofovd P., Tirjakovd E.: Vybrané ekologické charakteristiky spoloenstiev ndlevnikov (Protozoa,
Ciliophora) v odumretej drevnej hmote na tizemi Maljch Karpat.

V rokoch 2001-2004 sme v ramci vyskumu spologenstiev ndlevnikov v odumretej drevnej hmote odobrali 28
vzoriek drevnej hmoty 14 druhov drevin z tzemia Malych Karpdt, Vo vzorkdch sme zaznamenali 58 druhov
ndlevnikov, z ktorych 9 sme zistili na Gzemi Slovenska prvykrit. Okrem druhového spekira sme Studovali
zastipenie systematickych tried, potravné, rodovo—-druhové vztahy a formovanie spoloenstiev v zavislosti od
druhu dreviny. Zo systematickych tried prevaZovali zdstupcovia triedy Colpodea a z potravnych skupin
bakteriovory. Maximdlny podet druhov (8) sme zaznamenali v rode Colpoda. Hierarchickd klasifikdcia podl'a
identity druhového zastiipenia ndlevnikov na jednotlivych druhoch drevin vy¢lenila dve vyrazné spolocenstvi.
Napriek tomu druh dreviny pravdepodobne nezohrdva vyznamnd dlohu pri formovani spologenstiev
nilevnikov. Nezistili sme dokonca ani osobitnd viizbu resp. odlinost’ druhového spekira medzi listnatymi a
ihli¢natymi drevinami.
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Abstract

Mrva M.: Diversity of active gymnamoebae (Rhizopoda, Gymnamoebia) in mosses of the Mulé
Karpaty Mts (Slovakia). Ekoldgia (Bratislava), Vol. 24, Supplement 2, p. 51-58.

In the period of 2000-2002 the fauna of active naked amoebae (Rhizopoda, Gymnamochia)
was studied in mosses at five sites in oak-hornbeam forests of the Malé Karpaty Mts (Slovakin).
The dry sample malterial was moistened by distilled water and after 5 days of incubation the
amoebae were identified by direct examination. Identification of amoebae was performed on (he
base of morphological characters of the active stages. Relatively high diversity of 32 taxa of
naked amoebae was recorded. The diversity at the sites varied from 17 to 23 taxa. The highest
richness appeared in the family Thecamoebaidae (9 species), however some other familics

Hartmannellidae, Vannellidae and Paramoebidae were significantly represented as well, ‘The

observed community of species of naked amaebae in mosses indicate considerable similarity (o
freshwater communities. A

Key words: Gymnamoebia, moss, diversity, Slovakia, oak-hornbeam forests

Introduction

Terrestrial habitats are recognised as specific freshwater ecosystems because active
stages of protists always depend on presence of water (e.g. Bamforth, 1980; Finlay el al,,
2000). Generally, higher moisture enhances the species diversity (Bamforth, 1973).

Modern studies of diversity of naked amoebae were focused mainly on water habitats,
Some of them refer to freshwater (Smirnov, Goodkov, 1996) or sea (Butler, Rogerson,
2000). In terrestrial habitats quantity of amoebae has been analysed (Singh, 1946;
I%isghoﬂ’, Anderson, 1998; Anderson, 2000), however their systematic diversity in these
habitats remains practically unknown. Recently only Brown, Smirnov (2004) have
brought several results from a study on diversity of Gymnamoebia in soil.

The differences between the fauna in freshwater and in terrestrial habitats are well
known for ciliates, which have formed specific morphological and physiological
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