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Abstract

Tirjakova E., Vd'acny P.: Ciliate communities (Protozoa, Ciliophora) in tree-holes and
influence of selected environmental factors on their structure. Ekoldgia (Bratislava), Vol. 24,
Supplement 2/2005, p. 20-306.

The structure and influence of selected ecological factors on ciliate communities in tree-holes
of 3 wee species (Acer campestre, Carpinus betulus and Quercus dalechampii) have been
analysed. In 136 samples 94 taxa of ciliates were found. Ciliates were not detected in 2
tree-holes only. An average of 3-6 species were presented in a single tree-hole, but the diversity
wus very irregular (0-15 species). Similarly, abundance was very irregular too and rapidly
oscillated between 0-200,000 ex/ml. The frequency of individual species in the samples did not
overlap the value of 30%. The highest frequency was recorded at the species Leptopharynx
costatus (28.68%) and Sathrophilus mobilis (27.21%). Specifically, subelass Peritrichia was
over-represented (notably species of the genera Propyxidium and Scyphidia). On the basis of
Canonical Correspondence Analysis (CCA) (15 nominal and 2 gradient variables were
analysed, 9 of them were statistically significant) 4 principal communities of ciliates have been
distinguished. A tree species, volume and age of a tree-hole, absence of rotifers and other
metazoans were revealed as critical factors with an influence on composition of the ciliate
taxocoenoses. The results were evaluated by hierarchical classification (complete linkage) as
well. Tree-holes of Quercus dalechampii have reached the highest species richness and were
completely different from the others (Acer campestre and Carpinus betulus). Tree-holes with
a volume under | ml and those over 500 ml had the lowest species diversity and a special
position among the others. According to the age of tree-holes, the youngest and the oldest ones
were linked in one cluster by Wishart’s index, meanwhile the special position in the freshest
tree-holes only was validated by Serensen’s index. Thus the sense of time factor on a species
structure of ciliate communities in tree-holes was revealed.
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Introduction

Ciliates are a protistan group, well adapted on surviving in a variety of freshwater habitats
or the others being characterised by extreme fluctuations of moisture. Particular species
are selectively tolerant to different factors like temperature, specific water chemistry,
periods of drying etc. Tree-holes (dendrotelmae), cavities in tree trunks filled and
supplied with rain water and dead organic matter, belong to the habitats characterised by
extreme conditions, particularly as for their water chemistry (e.g. high concentration of
dissolved organic compounds and low content of oxygen dissolved in water), deficiency
of nutrition sources, fluctuation of temperature (overheating) and change of different
moisture periods with possibility to dry up. Tree-holes are periodically or permanently
filled up by rainwater. Apart from protozoans, rotifers and nematodes, variety of insect
larvae, notably dipterans (Culicidae, Chironomidae and Ceratopogonidae), often occur in
tree-holes (Zdruba, 2004). Paradise, Dunson (1997a, b) studied relationships between
insects and Protozoa in tree-holes. Considerable attention was devoted to investigation of
relation of parasite and host between larvae of mosquitoes and ciliates Lambornella
clarki in dendrotelmae (Wasburn et al., 1991). In spite of a relatively rich presence of
Protozoa, tree-holes have not been comprehensively studied from the faunistic and
ecological point of view. Data that assume the occupation of ciliate species in tree-holes
are available in several papers only, e.g. Kahl (1935) noticed Colpoda cavicola, the same
species was recorded by Novotny et al. (1977) as C. spiralis. Foissner (1993) mentioned
other species that occurred in tree-holes. The only faunistic data on tree-holes from the
territory of Slovakia with regard to Protozoa were published just by Mrva (2003) dealing
with naked amoebae (Gymnamoebia).

The data based on other types of telmae, with similar factors that influence
inhabitation of dendrotelmae, are very insufficient. For instance phytotelmae were
examined by Addicott (1974), cavernicolous Protozoa were investigated by Gittleson,
Hoover (1969) and sporadic data on Diplites telmatobius in lithotelmae come from
Foissner (1998). Various kinds of rainwater pools were investigated, e.g. in Austria
(territory of Grossglocknergebiet) (Dingfelder, 1962; Foissner, 1980; Foissner et al.,
1982), Hungary (Gelei, 1954) and in Slovakia (Matis, 1966, 1975).

The investigation was focused mainly on a species spectrum of ciliates in
dendrotelmae and an influence of chosen abiotic and biotic factors on a structure and
dynamics of ciliated protozoa communities (e.g. species of tree, pH, volume and age of a
tree-hole, inhabitation of tree-holes by other Protozoa and microscopic Metazoa). This
paper is an introduction to analysis on tree-hole problems. Our research originated in
a grant being concentrated on animal communities in oak-hornbeam forests of Malé
Karpaty Mts (Slovakia). Several studies of various animal groups in this territory have
been already published (Buldnkovd, Holecovd, 1998: Tirjakova, 2000; Holecovi.
Sukupovd, 2002).



Material and methods

The samples of dendrotelmae were obtained in 2000-2002 from 10 localities of the Malé Karpaty Mts
(Slovakia). Totally 136 samples of tree-holes in 3 tree species: Acer campestre (15 samples), Carpinus betulus
(42 samples) and Quereus dalechampii (79 samples) were investigated, The majority of the tree-hole samples
were analysed repeatedly in month intervals. Apart from a tree species, a pH value was detected with litmus
paper (LACHEMA) (Table 1). Dendrotelmae have been divided into 3 size categories (as was reflected in
volume of a tree-hole) as followed: (1) minimum content of rain-water (1 ml) or only moist sediment; (2) from
2 to 10 ml; (3) from 10 to 200 ml: (4) from 200 to S00 ml and (5) over 500 ml. Furthermore tree-hole water
was divided into 5 colour categories, from light-coloured to dark-coloured that reflected the age of
dendrotelmae (a light-coloured tree-hole water occurs in fresh dendrotelmae and dark-coloured water in
long-term filled tree-holes).

Samples with sediment were obtained by polyvinyl pipette and were processed in vivo immediately after
the arrival to the laboratory up to 24 h. after collection. The samples were quantitatively analysed by a direct
counting method using micropipette (vol. 50, 20 and 10 wl) and the data were recounted to 1 ml of sediment.
The samples were not homogenised and were analysed by micropipette from 20 spot sites of a surface layer of
sediment

The species of ciliates were investigated, using the live observation and protargol impregnation for
permanent  preparation (Foissner, 1991). The ciliates were identified using the following standard
identification keys and publications: Foissner (1993), Foissner et al. (1991, 1992, 1994, 1995, 2002) and other
ones cited in the references,

Cluster Analysis (complete linkage) was used to evaluate a similarity of ciliate communities, according to
Sgrensen’s and Wishart's indices of dissimilarity in tree-holes situated at various tree species of variable
volume and age. The cluster analysis of communities was realised using the computer program NCLAS
(Podani, 1993). Relationship between ciliate communities in tree-holes and chosen environmental variables
was revealed in accordance with Canonical Correspondence Analysis (CCA) in the program of Canoco (Ter
Braak. Smilaver, 1998). Only 13 nominal variables: tree species — Acer campestre, Carpinus betulus and
Quercus dalechampiiy coloration of tree-hole water ~ 5 categories, from light-coloured to dark-coloured:
presence or absence of flagellated protozoans, rotifers and other metazoans and 2 gradient variables (pH and
volume of tree-hole) were investigated.

Results
Species diversity and abundance of ciliates

Totally 94 taxa of ciliates have been determined in the examined dendrotelmae: 82 species
and 12 taxa identified only to a genus level (Table 2). Inhabitation of tree-holes was very
irregular, often with a poor amount of species and diverse values of abundance. The
frequency of ciliate species in the samples in comparison with other freshwater and
terrestrial habitats reached low values only and no species overlapped the value of 30%.
The highest frequency was recorded at the species Leptopharynx costatus (28.68%) and
Sathrophilus mobilis (27.21%). 41 out of the 94 (43%) identified ciliate species occurred
in one sample only. Ciliates were not detected (but metazoans occurred) only in 2 from
a total of 136 tree-holes, in 11 samples only 1 ciliate species was recorded and in 22
samples only 2 ciliate species occurred. The highest amount (15) of ciliate species was
detected in one dendrotelma only. Abundance of ciliates in the samples was very diverse
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s in the investigated tree-holes.
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as well and rapidly oscillated from 0 to 200 000 ex/ml. Dominance of several species in ® =
some trec-holes was significant: Colpoda steinii, Colpidium colpoda, Dexiostoma
campylum, Paramecium caudatum, Tetrahymena pyriformis, T. rostrata, Sathrophilus
mobilis and Drepanomonas obtusa. Paramecium caudatum surprisingly occurred only in o
communities with more ciliate species and then it reached the dominance of over 70%.
The most frequent ciliates in the tree-holes include (listed in the decreasing presence):
Leptopharynx costatus (28.68%), Sathrophilus mobilis (27.21%), Drepanomonas obtusa
(22.79%), Tetrahymena rostrata (22.06%) and Halteria grandinella (21.32%). From the
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qualitative point of view mainly the subclass of Peritrichia was over-represented; notably
genera Propyxidium and Scyphidia achieved the highest frequency. In total 8 colpodid

species, characteristic in soils and semiterrestrial environment, were recorded. Only 2 of
them occurred in a frequency over 10%: Colpoda steinii (14.71%) and C. cavicola being
found almost exclusively in tree-holes. The later species occurred in 11% of the
investigated dendrotelmae.

The number of recorded ciliate species in the tree-holes differed significantly;
however in fact there was dependence between number of species and number of taken
samples (Table 2). On average 3-6 species were presented in each tree-hole, but only 1
species was recorded in 8% of the investigated samples and only 2 species were recorded
in 16% of the samples. Higher number of ciliate species in tree-holes was very rare with
maximum of 15 species in a tree-hole.
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samples from tree-holes at 10 sites.

Structure of ciliate communities

On the basis of Canonical Correspondence Analysis (CCA), 4 principal communities of
ciliates have been distinguished. A tree species, volume and age of a tree-hole, absence
of rotifers and other metazoans were revealed as critical factors with influence on
composition of ciliate taxocoenoses (Fig. 1).

The community A includes the species with strongest affinity to tree-holes being
taken from Quercus dalechampii, to light-coloured tree-hole water (age 1-3) and big
dendrotelmae. This community may be characterised by higher species richness,
composed predominantly of freshwater species (e.g. Acineria uncinata, Colpidium
colpoda,  Dexiostoma  campylum, — Frontonia leucas, Paramecium  caudatum,
Philasterides armatus, Steinia platystoma, Cyclidium glaucoma and Dexiotrichides
centralis) and terrestrial species (e.g. Colpoda inflata, C. maupasi and Tetrahymena
rostrata). Epistylis entzii and Vorticella aquadulcis complex, common in limnetic
environments, have been classified as characteristic peritrichs of the community.

The community B was formed in tree-holes of Carpinus betulus, in dark-coloured
tree-hole water (age 5) and small dendrotelmae. This community was poor in ciliate
species (16) and was characterised by predominance of euryoecious and terrestrial
species (e.g. Cinetochilum margaritaceum, Drepanomonas revoluta, D. obtusa, D.
exigua, Chilodonella uncinata and Colpoda henneguyi) and minimal presence of
limnetic species (e.g. Tetralymena pyriformis complex). Vorticella infusionum, common
in limnetic environments and ordinary in soils, has been considered as a characteristic =
peritrich here.

5 indentified ciliate taxa being found in 136

Species
weleata (Dragesco et Njiné 1971)Foissner, 1989

i(Schewiakoff, 1889)Schewiakoff, 1896
sKahl, 1932

glauvcoma OFMueller, 1773

lus (O.FMueller,1773) Gmelin, 1790

poda henneguyi Fabre-Domergue, 1889
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pidium colpoda (Lo san a, 1829)

poda cavicola K ah 1, 1935
asdentata Fresenius, 1858

as exiguaPenard, 1922
as revoluta Penard, 1922

as sphagni Kahl, 1931
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as obtusaPenard, 1922
Epispathidium sp.

wscicola Kahl, 1931

enda cander
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Fig. I. Ordination diagram based on Canonical Correspondence Analysis. Eigenvalues of lwoAﬁrsl elx?s of
CCA are A, = 0340 and A, = 0.298. The first axes account for 42.2% of the total variance of the
species—environment relation. ‘ . .
Explanations: nominal environmental variables are represented by squares and gradient environmental variable
_ volume of a tree-hale by arrow. A, B, C, D — community; Ac — Acer campesire; Cb — Carpinus betulus; Qr
— Quercus dalechampii; Rotifera A — absence of rotifers; M — absence of metazoans; Age 1, 3 and 5 —
coloration of a tree-hole (light-coloured, moderately-coloured and dark-coloured).

The community C refers to tree-holes in Acer campestre, and volume upd colomFion
of tree-hole water may be classified as crucial environmental variables for its formation.
A species spectrum was rather low (12 species) with equipollent nun?ber of freshwater
(e.g. Coleps hirtus, Euplotes affinis, Stylonychia pustulata and Urotricha globosa) and
terrestrial (e.g. Colpoda cucullus, Gonostomum affine, Leptopharynx eurystomus,
Oxvtricha similis and O. setigera) species. Vorticella microstoma represented the
characteristic peritrich of this community.

The fourth community D included a poor spectre of species (13 species), v\{herc the
key role in its formation refers to environmental variables such as absence of rotifers and
other metazoans; tree species, volume and coloration of tree-hole water appeur_cd
itrelevant. The community was formed by bacteriovorous limnetic and terrestrial species
(e.¢. Glaucoma scintillans, Ophryoglena spp., Scyphidia sp., Opisthonecta hennegyui
and Cyclidium elongatum, Colpoda steinii, Leptopharynx costatus, Halteria grandinella,
Plafyr;phrva vorax, P. spumacola, Cyclidium muscicola, Gonostomum kuehnelti,
Te.rmfryména edaphoni and Euplotes muscicola). Vorticella astyliformis, the_ most
frequent peritrich in soil world-wide, was the species characteristic for the community.
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Influence of chosen environmental factors on a structure of ciliate communities

On the basis of CCA ordination, we assume that the most important environmental
variables were represented by a tree species and volume of a tree-hole. The communitics
lined along the first axis in the ordination diagram according to tree species. This axis
could be characterised as an axis of specific substances leached out of wood. The second
axis represents a change in volume of a tree-hole and position along this axis indicates an
increased or decreased ratio of freshwater and terrestrial species in the communities. This
is a reason of a position of the community A (predominance of limnetic species) on the
middle bottom of the ordination diagram and of the community B (predominance of
terrestrial species) in the middle above (Fig. 1).

A 0.1 0.2 0.3 0.4 0.5
| | | | |

Qd
Cb I
Ac

B 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Qd

Cb J

Ac

L |

Fig. 2. Cluster analysis, Sgrensen’s (A) and Wishart’s (B) indices of dissimilarity, Complete linkage of the
ciliate communities in tree-holes from various tree species. Ac — Acer campestre; Cb — Carpinus betuluy,
Qd — Quercus dalechampii.

A tree species has been considered as one of the crucial factor in formation of ciliate
communities in dendrotelmae (Fig. 2). The community in telmae of Quercus dalechampii
was detached on a high level of faunistic dissimilarity (55% by Sgrensen’s index and
75% by Wishart’s index) in accordance Hierarchical Cluster Analysis (complete
linkage). Totally, 75 ciliate species were recorded in tree-holes of this tree, with
predominance of limnetic (e.g. Cyclidium glaucoma, Glawcoma scintillans, Opisthonecia
henneguyi, Paramecium caudatum and Vorticella microstoma) and ubiquitous specics
(c.g. Colpoda steinii, Halteria grandinella, Chilodonella uncinata, Leptopharyny
costatus, Metopus minor, Sathrophilus mobilis and Vorticella infusionum). ‘The
following enumerated species were recorded in oak tree-holes only: Paramecium
caudatum, Opisthonecta henneguyi, Acineria uncinata, Acropisthivin mutabile, Enchelys
easterosteus, Epistylis entzii and Frontonia leucas. The dendrotelmae of trees Carpiniy
betulus and Acer campestre represented a separate cluster on approximately 45% ol
qualitative and quantitative level of faunistic dissimilarity. Totally 40 and 36 species
were recorded in both the hornbeam and maple tree-holes, some of them are common in
soils (e.g. Cinetochilum margaritaceum, Colpoda inflata, C. henneguyi, Drepanomonay
revoluta, D. sphagni, D. dentata, D. obtusa, Gonostomum kuehnelti and Metopus hasei)
some autochthonous in soil (e.g. Protospathidium vermiforme and Epispathidium sp.).
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Fig. 3. Cluster analysis, Sprensen’s (A) and Wishart’s (B) indices of dissimilarity, Complete linkage of l%lc
ciliate communities in various volume of tree-holes. (1) minimum content of rain-water (I ml) or only moist
sediment: (2) vol. from 2 to 10 ml: (3) vol. from 10 to 200 ml: (4) vol. from 200 to 500 ml and (5) vol. over
500 ml.

Volume of a tree-hole was shown as an important factor with an influence on
structure of ciliate communities, especially in extreme cases: dendrotelmae with a
minimum content of rain-water (1 ml) or with only moist sediments and dendrotelmae
with volume over 500 ml. They were evaluated by Cluster Analysis as well (Fig. 3):
small tree-holes (vol. 1 ml) were detached on a high level of faunistic dissimilarity (72%
by Serensen’s index and 88% by Wishart’s index) because of a low species ric.hlncss (14)
and presence of very rare ciliates in dendrotelmae (e.g. Protospathidium vermiforme anq
Hemisincirra gellerti). Occurrence of Colpoda species (e.g. C. cavicola, C. henneguyi
and C. steinii) in lower abundance in small tree-hole was characteristic. The big
tree-holes may be considered as a special category (vol. aver 500 ml) because of a lqwer
number of recorded species (27), than in dendrotelmae with volume from 10 to 500 m!
and because of occurrence of a Vorticella aguadulcis complex, being recorded in big
tree-holes only. A separate cluster refers to the tree-holes with volume less than IO.mI,
10-200 ml and 200500 ml. The category mentioned above includes the typical variety
of peritrichs and hymenostomes and decreasing number of colpodid species in
dendrotelmae with volume 200-500 ml. In the 10 ml tree-holes the highest abundance of
Vorticella astyliformis was achieved. The maximum number of peritrich species (e.g.
Epistylis entzii, Opisthonecta henneguyi, Propyxidium sp. and Vorticella infusionum)
was recorded in the tree-holes with their volume from 10 to 200 ml. Vorticella
microstoma may be classified as the dominant peritrich in the tree-holes with a volume
from 200—500 ml. Maximum number of colpodids (e.g. Colpoda steinii, C. maupasi, C.
reniformis and C. cavicola) occurred in the dendrotelmae with their volume_ ot-“ 1Q—200
ml. The 200=500 ml! tree-holes were detached on 46% level of faunistic dissimilarity by
Sgrensen’s index from the tree-holes with their volume of 10 ml and 10-200 ml, because
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ol presence of rare species, such as Gastrostyla steinii, Epispathidium sp., Ophryoglena
spp. and Drepanomonas dentata. Further the tree-holes with a volume of 10-200 ml
were detached on 50% level of faunistic dissimilarity by Wishart index from the tree-holes
with their volume of 10 ml and 200-500 ml. Peritrich species Epistylis entzii and several
other species (e.g. Metopus hasel, Colpoda reniformis, Hexotricha caudata, Holosticha
spp. and Plagiocampa metabolica) occurred in the 10-200 ml dendrotelmae only,
whereas they were absent in the above mentioned volumes of tree-holes.

A 0.1 0.2 0.3 0.4 0.5
| | L 1 |
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Fig. 4. Cluster analysis, Sgrensen’s (A) and Wishart’s (B) indices of dissimilarity, Complete linkage of the
ciliate communities in various coloured tree-holes (reflected in age of tree-holes). (1) light-coloured water
appears in fresh dendrotelmae and (5) dark-coloured in long-term filled tree-holes.

Hierarchical Cluster Analysis (complete linkage, Sgrensen’s and Wishart's indices)
according to a species spectrum was used to evaluate dissimilarity in age of
dendrotelmae (as reflected in coloration of tree-hole water) (Fig. 4). The predominance
of peritrichs (e.g. genus Scyphidia achieved the highest abundance in the dendrotelmac
of age 2, genus Vorticella in the tree-holes of ages 2-3 and genus Epistylis in the holes of
age 3) was characteristic for the light-coloured (ages 1-3) tree-hole water. The amount of
colpodid species (e. g. Colpoda cavicola, C. maupasi and C. steinii) increased in older
dendrotelmae (age 4) and presence of colpodids and hypotrichs (e.g. C. inflata, C.
reniformis, C. steinii, Gonostomum affine, Histruculus vorax, Hemisincirra gellerti,
Cyrtohymena quadrinucleata and Paraurostyla macrostoma) was characteristic o
dark-coloured  (age 5) tree-hole water. The ciliate communities, being formed in
tree-holes of ages | and 3, were detached on the 57% level of faunistic similarity by
Sgrensen’s index using Cluster Analysis. Predominance of freshwater species (c¢.p.
Dextostoma campylum and Enchelys gasterosteus) and peritrich species (e.g. Epistvlis
entzii, Opisthinecta henneguyi, Propyxidium sp. and Vorticella infusionum) is typical for
the dendrotelmae being aged above. The communities in tree-holes of ages 2 and 4 were
detached on a higher level of faunistic similarity (64%) and the community formed in
tree-holes of age 5 was attached on 62% level of similarity. The similarity of ages 2 and
4 was caused by presence of euryoecious species of the genera Colpoda and
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Drepanomonas (e.g. Colpoda steinii, Drepanomonas revoluta and D. obtusa) '?md
freshwater species (e.g. Colpidium colpoda, Glancoma scintillans and anm_vwcmm.
candatum). The tree-holes of ages | and 5 were detached according to a qualitative and
quantitative structure of ciliate communities (Wishart’s index); characterised by presence
of several common r-selective species (e.g. Leptopharynx costatus and Drep-a{z.omm_zas
obtusa), but under their different abundance (58% dissimilarity). The communities bgmg
formed in the dendrotelmae of ages 2 and 4 were attached on high level of faunistic
similarity (approximately 63%) by Sgrensen’s and Wishart’s indices, as it seems ﬁ_'om the
Fig. 4. The community in the tree-holes of age 3 was attached to the tree-holes of ages 2
and 4 on 52% level of dissimilarity (Wishart's index), because of occurrence of
following peritrichs: Opisthonecta henneguyi, Vorticella infusionum and V. astyliformis
and absence of V. microstoma, being common in the dendrotelmae of ages 2 and 4.

Discussion

Tree-holes represent an extraordinary interesting habitat, because _of br_oad qgalitative
and quantitative differences in inhabitation compared with other ]1mnct1c habitats, but
amongst tree-holes as well. Tree-holes can be characterised as habitat, wt_mre fr?shwuter
and terrestrial communities of ciliates meet together and present specific habitat with
very low frequency of presence of individual species. No species were reco_rded in more
than 30% of investigated dendrotelmae, so it seems difficult to establish a specific
community of ciliates in tree-holes generally. An interesting fact hi‘nts at th§ absence of
euryoecious genus Aspidisca, with a high frequency in limnetic habitats. This genus was
in tree-holes substituted by genera Drepanomonas and Leptopharynx, preferring
terrestrial habitats, On the contrary, typical freshwater species such as Paramecium
caudatum, Dexiostoma campylum and Colpidium colpoda with their frequency at the
values of 2.21—11% were recorded, however they did not occur in soils (Foissner, 1981,
1987: Foissner et al., 2002 etc.). The species of genera Trochilia and Chlamydonella,
common in limnetic habitats, were absent as well.

In aspect of several similar abiotic factors with influence on periodical rain-pools and
dendrotelmae, significant similarity of these two habitats could be expected. But our
results indicate relevant differences of ciliate communities in these two specific habitats.
Periodical rain-pools possess a more diverse species spectrum, €.g. Foissner et al. (1982)
recorded 143 ciliate species in 37 rain-pools in Alps (Austria), of which only 17 ogcurred
in the investigated dendrotelmae. Furthermore, in 77 samples from small, Predomma_mtly
periodical waters of various types (little standing water — Kleingew'z_is_ser) in the territory
of Hohe Tauern (Austria) Foissner (1980) recorded 194 species of ciliates, of which only'
24 occurred in our investigated samples. He also stated a relatively low presence of
ciliate species in the samples (only 8 species with the presence over 40%, but Ox_vaha
falax with even 69%). According to Gelei (1954) and Dingfelder (1962) the typical
genera of periodical pools include the following: Phascolodon, . Ifarumlepms: anld
Astylozoon. None of them occurred in our samples. The characteristic community 1n
dendrotelmae may contain Colpoda spp., Leptopharynx costatus, Satrophilus mobilis
and various peritrichs.
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In terms of the recorded number and abundance of ciliate tixa, the inhabitation ol
tree-holes was very different. In spite of this, ciliates represent rather a stable component
ol a protozoan community in dendrotelmae. Only in 2 of all the investigated samples (i.c.
1.47%) no ciliates were recorded. Compared with occurrence of active gymnamoebac in
dendrotelmae, Mrva (2003) stated that almost 40% of the samples had contained no
amoebae. Parallelly, he referred to a low diversity of naked amoebae compared with
other water habitats (maximum 9 taxa per individual dendrotelma). Furthermore, Mrva
(2004) stated that particularly ubiquitous species of amoebae were characteristic in
tree-holes. He supposed that in aspect of unsuitable conditions (overheating, possibility
o dry up, high concentration of dissolved organic compound etc.) euryoecious specics
from other groups of Protozoa would be predominant, what has been actually proved by
our results. Most of the species with high frequency of occurrence belong to euryoecious
ciliates (e.g. Leptopharynx costatus, Sathrophilus mobilis, Drepanomonas obiusa,
Colpoda steinii and Tetrahymena rostrata), being well adapted to extreme conditions ol
environment. Rather a low diversity of ciliates in tree-hole was recorded in a comparison
with other limnetic habitats (0-15 species). Only 3-6 ciliate species occurred in most of
the dendrotelmae, what are relatively low values compared with other habitats.

In terms of abundance, significant differences in dendrotelmae are present; Mrva
(2004) stated 0-1,850 ex/ml at naked amoebae, more extreme values were achieved by
ciliates (0-200,000 ex/ml). Abundance of ciliates was very diverse, there was a
frequent ciliate mass outbreak, however a statistically significant factor with an influence
on this outbreak was not recovered. Apart from ciliates, the other groups of Protozoa or
rotifers at the same time in the same tree-hole were in outbreak. The other statistical
significant dependence between mass outbreak of ciliates and other protozoan groups or
microscopic metazoans was not proved too, in spite of a nutrition competition. This
effect was observed in simulated tree-holes, big ciliates and flagellates were selectively
eliminated by water beetles and dipteran larvae (Paradise, Dunson, 1997b).

Zaruba (2004) stated that pH values and chemistry in a tree-hole were rather stable.
In spite of this, a wide rang of pH values (4.8-8.9) and significant oscillation during a
year were recorded in dendrotelmae. Acid reaction (pH 4.8-6.6, mostly about pH 5) was
characteristic in hornbeam tree-holes; in oak tree-holes it achieved the highest deviations
(pH 4.8-8.4), but slightly acid or neutral reaction. Maple tree-holes provide neutral or
alkaline reaction (pH 6.5-9.9). It is very interesting, that in aspect of significant
oscillation of pH values, this factor was not statistically significant and does nol
participate on a structure of ciliate communities in tree-holes, which is very important.
An indirect influence of pH can be expected through relation between ciliate
communities and trees, being characterised by predominance of particular pH value.
Paradise, Dunson (1997a) found out a significant influence of pH value in simulated
tree-holes on formation of protozoan communities with interaction of insects. Ciliates
achieved higher values of density at high pH values and flagellates at low pH values. In
some cases, mass outbreak of several ciliate species at a high pH values was recorded,
but we can not generalise this phenomenon.

Tree species turned to be statistically significant, with important influence on
formation of communities. Tree-holes formed in  Quercus dalechampii  were
distinguished by the richest species spectrum, highest quotient of freshwater species and
occurrence of species being absent in other kinds of tree-holes. This can be connected
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with quality of wood; oak wood may be characterised as hard and low intensity L.)[‘
leaching the resin and other substances can be expected. Nevertt_:eless, cie_ndrotelmae in
3 tree species only were investigated. This is supposed to be an introduction to the next
analyses. A .

The age of a tree-hole, derived from coloration, turned to be a statistically important
variable, with an influence on formation of ciliate communities, Freshwaler species were
predominant in freshly filled (light-coloured) tree-holes. Later with furlhe_r leaching
wood and with growing concentration of organic matter, these species were driven out by
better adapted small terrestrial species of the genera Colpoda, Drepanomonas an'd
Leptopharynx. After the filling, r-selective species of the genus Colpoda appeared in
a short period, and were soon driven out by K-strategists of the genera Glaucoma,
Paramecium, Stylonychia and Tetrahymena. In a period of decreasing volume a_nd
ageing of a tree-hole, number of r-strategists rose. These results well c_m:respond with
succession in terrestrial and semiterrestrial habitats (Foissner, 1987; Tirjakova, 1997,
Bartofovéd, Tirjakovd, 2005 etc.). Small-sized species (e.g. Leptopharynx costatus,
Colpoda steinii, Drepanomonas obtusa etc.) were over-represented in dark-coloured
dendrotelmae water and big species (e.g. Paramecium caudatum, Stylonychia pustulata
and other hypotrichs) were predominant in light-coloured tree-hole water and pig
tree-holes. Paradise, Duton (1997b) noticed, that this phenomenon referred to predation
or trophic competition.

Totally, 11 taxa (11.6%) were identified to the genus level only. So we suppose that
several ciliate species from tree-holes are still undescribed. Because of a very rare
occurrence, low abundance of these species and low number of impregnated specimens,
we were unable to describe them. . o

In spite of that, more environmental factors influence the formation of .Clll.ate
communities in tree-holes; each dendrotelma is remarkable and unique by inhabitation
and environmental parameters. In conclusion, we state that our results represent the
introduction to this problem and tree-holes are perspective habitats for further
investigations in field of ecology and taxonomy of Protozoa.

Translated by authors

Acknowledgement

The study was realised with the support of grant No. 1/0119/03 provided by the Slovak Scienliﬁc. Grant
Agency VEGA. We would like to thank M. Holecovd, Z. Krumpdlovd and 1. Orszagh for collecting the
material. Further we are grateful to D. Matis and M. Mrva for valuable comments on the text.

References

Addicott, J.F., 1974: Predation and prey community structure: an experimental study of the effect of mosquito
larvae on the protozoan communities of pitcher plants. Ecology, 55, p. 47571}92. -5 _
Bartosovd, P., Tirjakovd, E., 2005: Chosen ccological characteristics of ciliates communities in decaying

wood mass in Malé Karpaty Mts. Ekoldgia (Bratislava), 24, Suppl. 2, p. 37-50.

Bulinkovi, L., Holecovd, M., 1998: Structure of nabid taxocoenoses (Nabidae, Heteroptera) in the herbage
undergrowth of oak-hornbeam forests in Malé Karpaty Mts (in Slovak). Folia Faunistica Slovaca, 1, p.
O1-08.

Dingfelder, .., 1962: Die Ciliaten voriibergehender Gewiisser. Arch. Protistenk., 105, p. 509-658.

Foissner, W., 1980: Artenbestand und Struktur der Ciliatenzénose in alpinen Kleingewiissern (Hohe Tauern,
Osterreich). Arch. Protistenk., 123, p. 99-126.

Foissner, W., 1981: Die Gemeinschaftsstruktur der Ciliatenzinose in alpinen Boden (Hohe Tauern,
Osterreich) und Grundlagen fiir einc Synékologie der terricolen Ciliaten (Protozoa, Ciliophora). Verolf.
Osterr. MaB-Programms, 4, p. 7-52.

Foissner, W., Adam, H., Foissner, ., 1982: Daten zur Autékologie der Ciliaten stagnierenden Kleingewiisser in
Grossglocknergebiet (Hohe Tauern, Osterreich). Ber, Nat-Med. Ver. Salzburg, 6, p.81-101.

Foissner, W., 1987: Soil Protozoa: fundamental problems, ecological significance, adaptations in ciliates and
testaceans, bioindicators, and guide to the literature. Progr. Protistol., 2, p. 69-212.

Foissner, W., 1991: Basic light and scanning electron microscopic methods for taxonomic studies of ciliated
protozoa. Europ. J. Protistol., 27, p. 313-330.

Foissner, W., Blatterer, H., Berger, H., Kohmann, F., 1991: Taxonomische und okologische Revision der
Ciliaten des Saprobiensystems — Band 1. Cyrthophorida, Oligotrichida, Hypotrichia, Colpodea. Infher,
Bayer. Landamt. Wasserw., 1/9], p. 1-478.

Foissner, W., Berger, H., Kohmann, F., 1992: Taxonomische und ¢kologische Revision der Ciliaten des
Saprobiensystems — Band II. Peritrichia, Heterotrichida, Odontostomatida. Infber. Bayer. Landamt.
Wasserw., 5/92, p. 1-502.

Foissner, W., 1993: Colpodea (Ciliophora). G. Fischer Verlag, Stuttgart—Jena—New York, 798 pp.

Foissner, W., Berger, H., Kohmann, F., 1994: Taxonomische und okologische Revision der Ciliaten des
Saprobiensystems — Band 1. Hymenostomata, Prostomatida, Nassulida. Infber. Bayer. Landamt. Wasserw,
1794, p. 1-548.

Foissner, W., Berger, H., Blatterer, H., Kohmann, F., 1995: Taxonomische und @kologische Revision der
Ciliaten des Saprobiensystems — Band IV. Gymnostomatea, Loxodes, Suctoria. Infber. Bayer. Landamt.
Wasserw., 1/95, p. 1-540.

Foissner. W., 1998: Two new soil ciliates (Protozoa, Ciliophora) from Namibia: Diplites telmatobius nov,
gen., nov. spec. and Apobryophyllum etochense nov. spec. Quekett. J. Microsc., 38, p. 207-218.

Foissner, W., Adam, H., Foissner, L., 1982: Daten zur Autkologie der Ciliaten stagnierenden Kleingewiisser in
Grossglocknergebiet (Hohe Tauern, Osterreich). Ber. Nat-Med. Ver. Salzburg, 6, p.81-101.

Foissner, W., Blatterer, H., Berger, H., Kohmann, F., 1991: Taxonomische und &kelogische Revision der
Ciliaten des Saprobiensystems — Band I Cyrthophorida, Oligotrichida, Hypotrichia, Colpodea. Infber.
Bayer. Landamt. Wasserw., //91, p. 1-478.

Foissner, W., Berger, H., Kohmann, F., 1992: Taxonomische und &kologische Revision der Ciliaten des
Saprobiensystems — Band II. Peritrichia, Heterotrichida, Odontostomatida. Infber. Bayer. Landamt.
Wasserw., 5/92, p. 1-502.

Foissner, W., Berger, H., Kohmann, F., 1994: Taxonomische und tkologische Revision der Ciliaten des
Saprobiensystems — Band IIl. Hymenostomata, Prostomatida, Nassulida. Infber. Bayer. Landamt. Wasserw.,
1794, p. 1-548.

Foissner, W., Berger, H., Blatterer, H., Kohmann, F., 1995: Taxonomische und okologische Revision der
Ciliaten des Saprobiensystems — Band IV. Gymnostomatea, Loxodes, Suctoria. Infber. Bayer. Landamt,
Wasserw., 1/95, p. 1-540.

Foissner, W., Agatha, 8., Berger, H., 2002: Soil ciliates (Protozoa, Ciliophora) from Namibia (Southwest
Africa), with emphasis on two contrasting environments, the Etosha Region and the Namib Desert. Denisia,
5, p. 1-1063.

Gelei, J., 1954: Uber dic Lebensgemeinschaft einiger temporirer Tiimpel auf einer Bergwiese 1m
Borzsonygebirge (Obernungarn) II1. Ciliaten. Acta Biol. Hung., 5, p. 259-343.

Gittleson, S.M., Hoover, R.L., 1969: Cavernicolous protozoa. Review of the literature and new studies in
Mammeoth Cave, Kentucky. Ann. Spéléol., 24, p. 737-776.

Holecovi, M., Sukupovid, J., 2002: Weevils (Coleoptera, Curculionoidea) as a part of the oak-hornbeam forest
epigaeon. In Tajovsky, K., Balik, V., PiZl, V. (eds): Studies on Soil Fauna in Central Europe. ISB AS CR,
p. 59-067.

Kahl, A., 1935: Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 4. Peritricha und Chonotricha,
Tierwelt Dtl., 30, p. 651-886.

L



Matis, D., 1966: Bemerkung iiber die Infusorienfauna der Regentimpel vom St. Georg-Moorwald. Acta Fac.
Rerum. Nat. Univ. Comenianae, Zool., /2. p. 235-239.

Matis, D., 1975: Infusoria of the order Hypotrichida in some localities in the vicinity of Bratislava. Bioldgia
(Bratislava), 30, p. 583-588.

Mrva, M., 2003: Diversity of active gymnamocbae (Rhizopoda, Gymnamoebia) in dendrotelmae of
oak-hornbeam forests in Malé Karpaty Mts (Western Slovakia). Protistology, 3, p. 121-125.

Mrva, M., 2004; Naked amocbae (Rhizopoda: Lobosea, Filosea) of chosen forest habitats in Malé Karpaty Mts
(in Slovak). Ph.D. Thesis, Comenius University, Bratislava, 101 pp.

Novotny, R.T., Lynn, D.H., Evans, E.R., 1977: Colpoda spiralis sp. n., a colpodid ciliate found inhabiting
trecholes (Colpodida, Ciliophora). J. Protozool., 24, p. 364-369.

Paradise, C.J., Dunson, W.A., 1997a: Effects of pH and sulphfate on insects and protozoans inhabiting
treeholes. Arch. Environ. Contamin. Toxicol., 33, p. 182-187.

Paradise, C.J., Dunson, W.A.. 1997b: Insects species interactions and resource effects in trecholes: are helodid
beetles bottom-up facilitators of midge populations? Occologia, /09, p. 303-312.

Podani, I., 1993: Syn-tax. Version 5.0. Computer programs for Multivariate Data Analysis in Ecology and
Systematics. User’s guide. Scientia Publishing, Budapest, 104 pp.

Ter Braak, C.J.F., Smilauer, P., 1998: CANOCO References Manual and User's Guide to Canoco for
Windows: Software for Canonical Community Ordination (version 4). Microcomputer Power. New York,
352 pp.

Tirjakovd. E., 1997: Structure and dynamics of communities of ciliated protozoa (Ciliophora) in field
communities. Succesion, genus—species relationships, nutrition. Ekoldgia (Bratislava), 16, p. 243-252.

Tirjakova, E., 2000: Occurrence of Bunonema richtersi Figerskiold, 1905 (Nematoda, Bunonematidae) on
some localities of Little Carpathians (Slovakia) (in Slovak). Folia Faunistica Slovaca, 5, p. 55-59.

Washburn, J.0., Anderson, J.R., Mercer, D.R. 1991: Parasitism ol newly-hatched Aedes sierrensis (Diptera:
Culicidae) larvae by Lambornella clarki (Ciliophora: Tetrahymenidae) following habitat flooding. J.
Invertebr. Pathol., 58, p. 67-74.

Ziruba, P., 2004: Tree-holes — special freshwater insect’s habitat (in Czech). Ziva, 5, p- 221222,

Received 30. 7. 2005

Titjakovd B., Vdaény P.: Spolofenstvd ndlevnikov (Protozoa, Ciliophora) v dendrotelmidch a vplyv
vybranych environmentdlnych faktorov na ich Struktiru.

Sledovali sme spolocenstvi ndlevnikov v dendrotelmich 3 druhoch drevin (Acer campestre, Carpinus betulus,
Quercus dalechampii). V 136 vzorkich sme ur€ili 94 taxénov ndlevnikov. Iba v 2 dendrotelmdch sa nélevniky
nevyskytli. Diverzita bola vel'mi nepravidelnd od 0-15 druhov v jednej dendrotelme, viiiinou 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 neprekrogila hodnotu 30%. Najvy3diu frekvenciu sme zaznamenali
u druhov Leptopharyax costatus (28,68%) a Sathrophilus mebilis (27,21%). Bohato zastipend bola podtrieda
Peritrichia (najmi zdstupcovia rodov Propyxidium a Seyphidia. Na zdklade CCA anylyzy (testovanych 15 no-
mindlnych a 2 gradientové premenné, zktorych 9 bolo Statisticky vyznamnych) boli rozlifené Styri zdkladné
spoloenstvd ndlevnikov. Ako rozhodujice faktory ovplyvilujice zloZenie taxocendz pdsobili druh dreviny,
velkost' (objem) a vek telmy, pritomnost” Rotifera a inych Metazoa. Ticto vysledky boli potvrdené aj hierar-
chickou klasifikdciou. Druhovo najbohatSie a od ostatnych najodlisnejsie boli telmy odobraté z Quercus
dalechampii, druhovo najchudobnejiic a osobitné postavenie mali telmy s objemom pod 1 ml a telmy s obje-
mom nad 500 ml. Wishartov index na zdklade veku telmy zIigil do jedného zhluku najmladsie a najstarSie
telmy. Sgrensenov index tieZ potvrdil osobitné postavenie najmladich teliem a tym aj vyznam Sasového fak-
tora na formovanie spolocenstiev nilevnikov v dendrotelmich.
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Abstract

B'Tnjtoéov{t P:. Tirjakovi 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 during the
research of ciliate communities in decaying wood mass in 2001-2004. Generally 58 cihlizuc
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 predominated in systematic categorics
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
scem Lo 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 Mountaing

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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