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Lithuania is situated in the geographical centre of Europe, on the 
eastern coast of the Baltic Sea. The landscape is formed by lakes, 
rivers, some wetlands and woodlands. The majority of vertebrate 
and invertebrate fauna of Lithuania are explored sufficiently well. 
However, free living protists in Lithuania are studied very scantily. 
The aim of this study was to provide an overview of testate 
amoebae in Lithuania on the basis of own results and of literature 
data recorded by other researchers. Fifty seven testate amoebae 
species of 13 genera were identified. 28 species of testate amoebae 
were revealed from soil mosses, 7 from lichen X. parietina and 
29 from various types of freshwater habitats. Species of genus 
Difflugia (16 species) dominated in freshwater habitats. The most 
diverse genera in moss and lichen were Euglypha (9 species).
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INTRODUCTION

Testate amoebae are free living single called euka-
ryotes which are distinguishable from other shel-
led amoeboid eukaryotes such as foraminifera, ra-
diolarians and heliozoans by their one chamber ed 
shell and their pseudopodia that can be lobose 
or filose. The most characteristic feature of these 
organisms is the shell, which can be agglutinated 
from mineral particles; proteinaceous, calcareous 
or siliceous (Meisterfeld, 2002a, b).

Testate amoebae are abundant in aquatic 
eco systems and simultaneously comprise a sig-
nificant part of microbial biomass in the soil (Es-
teban  et  al., 2006) and moss (Balik, 1996; Mit-
chel  et  al., 2004, 2008; Mieszcan, 2007). Eating 
bac teria, microscopic fungi and algae, amoebae 
in clude these organisms into common nutritio-
nal network of ecosystems (Gilbert  et  al., 1998) 
and become own food for larger than themsel-
ves microinvertebrates. Thus, although invisible 
to the naked eye, these microscopic creatures 
are important for the normal functioning of 
eco systems. No less important that free living 



60 Ingrida Šatkauskienė

amoebae may become vectors and hosts of 
fungi, bacteria and other microorganisms 
(Loret and Greub, 2010; Winiecka-Krusnell 
and Linder, 2001).

Testate amoebae are useful as indicators. 
The se protists can be valuable indicators of 
soil quali ty (Foissner, 1987) or can be used 
as bioindica tors for environmental pol lu tion 
as sessment (Balik, 1991). The mac ro in ver-
teb rates (Ple cop te ra, Trichoptera, Ephe me
rop tera) are mostly used as bioindicators of 
aqua tic ecosys tems for the assessment (Ro-
sen berg and Resh, 1992; Hodkinson and Jack-
son, 2005; Holt and Mil ler, 2011). For the 
eva luating the state of the terrestrial eco sys-
tems lichen are used (Conti and Cecchetti, 
2001; Perlamutter, 2010) and mos ses (Har-
mens  et  al., 2008; Shröder  et  al., 2010a). Ac-
cording to Nqueyen (Nqueyen  et  al., 2004), 
testate amoebae can be a good indicator for 
monitoring, assessment of air pollution for 
several reasons: 1) they live in the mosses and 
are directly exposed to airborne contaminants, 
2) testate amoebae are abundant and diverse, 
3)  most species are cosmopolitan and preva-
lent everywhere, 4) their relatively easy iden-
tifi ca tion of inclusions with tests remains after 
death of the organism. The main testate amoe-
bae “symptoms” in response to the pollu tion 
of the environment is a decrease in diversity 
and abundance, changes in the distribution 
(Balik, 1991).

Testate amoebae are sensitive to physical 
changes of the surrounding environment, the 
moisture content (Beyene et al., 1986; Sullivan 
and Booth, 2011), temperature (Tsyganov et al., 
2013), hence they can be used as a model or-
ganism for the environmental studies and 
eco toxicology (Nguyen-Viet  et  al., 2007; Pay-
ne et al., 2012).

The testate amoebae have long been not 
investigated in Lithuania. Mažeikaitė, carrying 
out research of freshwater heterotrophic 
protists, described many species of ciliates and 
also 29 species of testate amoebae found in 
the freshwater (Mažeikaitė, 2003). The author 
summarized the results of research in the book 
“Freshwater plankton heterotrophic protists of 

Lithuania” (Mažeikaitė, 2003). However, this 
work was written in the Lithuanian language, 
so it is not available for English speaking 
scientists.

Data on the terrestrial amoebae are even 
more scanty. The main causes of insufficient 
research of testate amoebae and other free living 
protists in Lithuania might be the following: 
firstly, it is believed that investigations of these 
protists are less topical because they are not 
parasitic (?), not pathogenic (?) and do not 
provide economic benefit, thus their analysis is 
not necessary. In the above, I tried to reject this 
approach and to highlight the importance of 
testate amoebae. The second, perhaps equally 
important reason – microscopic analysis of most 
free living protozoa and identification is quite 
complicated, time-consuming and patience-
consuming work, so many investigators find it 
unattractive.

Thus, the testate amoebae are abundant 
and important in different ecosystems, and 
for practical applications. Although many 
European countries are intensively researched 
in respect of testate amoebae, Lithuania in 
this respect is as empty and does not complete 
the gap of biogeographically important data 
deficiencies. Hence the objective of present 
study was a) to introduce testate amoebae which 
are found in freshwater by Mažeikaitė (2003), 
b) to document the taxonomic composition of 
moss and lichen testate amoebae in Lithuania, 
c)  to assess their distribution with regard to 
ecological preference (on the basis of literature 
data and own research).

MATERIALS AND METHODS

Study area
Lithuania is located in the eastern part of Europe 
on the coast of the Baltic Sea. The rainiest 
months are July and August (precipitation 
92–95 mm); the driest month is May (30 mm). 
The average temperature in July is 17 °C (the 
mean of the maximum temperatures 35  °C), 
in winter  –  5  °C (the mean of the minimum 
tem peratures –25––30 °C). The climate is tem-
perate.
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Sampling sites
The samples examined by the above cited 
Mažeikaitė (Mažeikaitė, 2003) and Šat kaus-
kie nė (Šatkauskienė  et  al., 2010, 2012, 2013) 
were collected from the following types of 
ha bitats in Lithuania: I  –  Natural and Karst 
Lakes, II – Rivers; III – Lagoons; IV – Artificial 
re servoirs; V  –  Soil and epiphytic mosses; 
VI – Epiphytic lichens. The studied localities of 
these habitats are given below.

I  –  Natural and Karst Lakes: Balsys; Ba-
luo šas; Bedugnis; Burgis; Buržoras; Drūkšiai; 
Duobulis; Dusia; Ešerinis; Gulstas; M.  Gulbi-
nai, D. Gulbinai; Kreivasis; Kirkilai; Šlavantas; 
Il gis (Mažeikaitė, 2003). Karst lakes (investiga t-
ed in 1997, 1998, 2000, 2001): Kirkilai, Katil ny-
čia (Mažeikaitė, 2003).

II  –  Rivers: Baltelė; Katilnyčia; Neris; Ne-
vėžis; Tatula; Spėra (Mažeikaitė, 2003).

III – Lagoons: Curonian Lagoon (55°5′ 34″ N, 
20°54′  59″  E) (Mažeikaitė, 2003) is separated 
from the Baltic Sea by Curonian Spit. The 
Lagoon is classified as brackish.

IV – Artificial reservoirs: Elektrėnai Re ser-
voir (Mažeikaitė, 2003). Elektrėnai Re servoir is 
the third-biggest artificial lake in Lithuania. It 
supplies cooling water to 1.800 MW Elektrėnai 
Power Plant. The reser voir covers about 1 264 
hectares with depth of over 30 metres.

V – Soil and epiphytic moss:
V. 1. Jonava (55.0722° N, 24.2806° E) locat ed 

in Kaunas County in central Lithuania. The ci ty 
is an important industrial (in particular, che mi-
cal industry) and transport centre. Ache ma, the 
largest fertilizer factory in the Bal tic States, is 
located nearby. Samples of moss (epiphytic moss 
Brachytecium albicans; soil moss Pleurozium 
schre beri, Dicranium sco parium, Brachytecium 
sale brosum) were col lec ted beside factory Ache
ma (Šatkauskienė and Vosyliūtė, 2010).

V.  2.  Nida (55°18′N 21°00′ E, 55.300° 
N  21.000°  E) is a resort town located on the 
UNESCO-protected Curonian Spit. Nida is 
cha racterized by pine forests and sand dunes. 
Epi phytic moss Brachytecium albicans, soil 
moss Brachytecium rutabulum, Brachytecium 
sale brosum, Pleurozium schreberi, Dicranium 
sco parium, Plagiomnium undulatum were col-

lected in Nida (Šatkauskienė and Vosyliūtė, 
2010).

V. 3. Raudondvaris (54.9431° N, 23.7833° E) 
is a village on the Nemunas River in Kaunas 
district. The samples of soil moss Dicranium po
lysetum, Brachytecium albicans were collected 
(Šatkauskienė and Vosyliūtė, 2010).

V.  4.  Zarasai (55°43′59″  N, 26°15′00″  E) is 
located in the north-eastern Lithuania, 3  km 
from the border with Latvia. This town is called 
City of Lakes as more than 10% of territory of 
Zarasai district is covered by water. The moss 
Pleurozium schreberi, Dicranium scoparium 
were collected from soil (Šatkauskienė and Vo-
sy liūtė, 2010).

V.  5.  Domeikava village (54°58′  0″  N, 
23°55′ 10″ E) is located in Kaunas district, on the 
right bank of the Neris River. Moss (Pleurozium 
schreberi) samples were collected from the 
ground in a pine forest with several deciduous 
trees (rowan and oak) (Šatkauskienė et al., 2013).

V.  6.  Sereikiškės Park (54  41′  0″  N, 
25 17′ 49″ E) is a public park in Vilnius City. It 
is located on the right bank of the Vilnia River. 
The park will feature botanical exposition 
(Šatkauskienė et al., 2013).

V. 7. Pilėnai forest (N 54°57′32″, E 24°1′17″) 
is located in Kaunas district. The forest mainly 
consists of pine, birch, fir, aspen and also oak, 
alder and ash. The moss (Pleurozium schre
beri) was collected from the ground (Šat kaus-
kienė et al., 2013).

V. 8. Verkiai Regional Park (54  47′  0″  N, 
25 18′ 0″ E) is located in Vilnius municipality. 
The park occupies 2670 hectares. More than 
76% of the park area is covered by forests. 
Ver kiai are landscape, architectural and small 
lakes geomorphological reserve. For rare and 
endangered species habitats four areas of the 
park are included in European network of 
pro tected areas  –  Natura 2000 (http://www.
pavilniai-verkiai.lt/lt/?pid=4). Most of the park 
is a pine forest with deciduous trees, the soil 
is dry and sandy. Mosses (Pleurozium schre
beri) were collected from the ground (Šat-
kauskienė et al., 2013).

V.  9.  Trakai Historical National Park 
(54°38′ 20.4″ N, 24°25′ 8.4″ E) is some 25 km 
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west of Vilnius. It is the only historical national 
park in Europe. The plant community of the 
park is formed by a pine forest with deciduous 
trees in pure. Moss was sampled from the soil 
(Šatkauskienė et al., 2013).

V. 10. Highways: Vilnius–Utena A14 (31 km 
distance from Vilnius City); Vievis–Trakai 
107 (13  km from Trakai). Samples of moss 
Pleu rozium schreberi were collected from the 
ground beside highways (the distance from the 
road about 5 m) (Šatkauskienė et al., 2013).

VI – Lichen Xanthoria parietina
VI.  1.  Birštonas (54°35′5″  N, 24°2′1″  E) is 

a balneological resort town situated on the 
right bank of the Nemunas River. Samples of 
epiphytic lichens Xanthoria parietina were col-
lected in the periphery of the town from de-
ciduous trees (Šatkauskienė, 2012).

VI.  2.  Prienai (54°38′  0″  N, 23°56′  30″  E) 
is a town situated on the Neman River, 39 km 
south of Kaunas. Samples of lichen X. parietina 
were collected from pinewood and larch fo rest 
(Šatkauskienė, 2012).

VI.  3.  Highways: Vilnius–Kaunas–Klaipėda 
(80 km and 120 km distance from Kaunas); Vil-
nius–Prienai–Marijampolė (93 km and 112 km 
distance from Vilnius). Samples of li chen were 
collected beside highways (distance from the 
road about 5 m) from the tree trunks which were 
facing the road side (Šatkauskienė, 2012).

Extraction and analysis of testate amoebae
Freshwater samples of testate amoebae were in-
vestigated following the procedure described in 
detail earlier (Mažeikaitė, 2003).

The samples of moss were collected from 
the ground. Testate amoebae were extracted 
from mosses using the following extraction me-
thod: each sample was first shaken for 1 min on 
a vortex and then filtered through a 250  mm 
mesh filter. The amoebae tests were counted at 
200× and 400× magnification. For each sample 
a minimum total of 150 individuals were count-
ed. Morphological identifications of the testate 
amoebae were mainly based on ta xonomic re-
ferences (Deflandre, 1936, 1936; Grospietsch, 
1958; Ogden and Hedley, 1980; Ogden, 1983; 
Lüft enegger et al., 1988; Char man et al., 2000).

The samples of lichen were investigated fol-
lowing the procedure described in detail earlier 
(Šatkauskienė, 2012). 

The statistical analysis of the species was not 
performed because freshwater amoebae were 
only reviewed by literature data (Mažeikaitė, 
2003), meanwhile testate amoebae of terrestrial 
habitats will be analyzed in more detail in a 
separate publication.

RESULTS

A total of 57 species belonging to 13 genera of 
testate amoebae were found. The list of species 
is presented below. 

29 species of testates belonging to 7 genera 
were found in various freshwater rivers and 
lakes (Fig. 1). Figure 1 shows that genus Difflu
gia usually occurred in studied water bodies 
and 16 species and variations of this genus had 
been described (Mažeikaitė 2003). Four species 
were found of genera Centropyxis and Arcella. 
It is likely that the number of species is not final 
and may increase during further investigation 
of freshwater biotopes.

In terrestrial ecosystems, researching main ly 
ground moss (Bryophyta) and epiphytic li chen 
(Xanthoria parietina) 32 testate amoebae spe-
cies were found (Šatkauskienė and Vosyliūtė, 
2010; Šatkauskienė, 2012; Šatkauskienė  et  al., 
2013) belonging to 11 genera (Fig. 2). On the 
basis of the results we can see that the testate 
of genus Euglypha are most common in the 
moss (during the period of investigation six 
spe cies were found) than in the water (only one 
species was found, Fig. 1). The testate amoebae 
of genera Trinema, Corythion, Assulina, Hyalo
sphenia Archerela were found only in terrestrial 
biotopes.

On the basis of their occurrence in the in-
vestigated sites, the testate amoebae species 
may be divided into three groups (Table 1).

DISCUSSION

The given list of found freshwater testate amoe-
bae species is comparatively short and in-
comp lete because, as mentioned by Ma žei-
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Table 1. Distribution of testate amoebae in investigated habitat types

Testate amoebae
from freshwater

Testate amoebae 
from land

Testate amoebae common to 
the freshwater and the land

Arcella gibbosa laevis Arcella arctocrea Arcella vulgaris
Arcella discoides Arcella arenaria Nebela collaris

Arcella hemisphaerica Arcella catinus Euglypha acanthophora
Difflugia avellana Hyalosphenia papilio Difflugia globulosa
Difflugia bidens Nebela lageniformes
Difflugia corona Nebela flabellulum
Difflugia elegans Nebela sp.
Difflugia fallax Assulina muscorum

Difflugia globulosa Assulina seminulum
Difflugia hydrostatica Difflugia sp.

Difflugia hydrostatica litophila Euglypha alveola
Difflugia lemani Euglypha ciliata

Difflugia limnetica Euglypha sp.
Difflugia lobostoma Euglypha rotunda

Difflugia oblonga brevicolla Euglypha tuberculata
Difflugia oblonga angusticollis Euglypha laevis

Difflugia oblonga oblonga Euglypha strigosa
Difflugia oblonga schizocaulis Euglypha compressa

Difflugia urceolata Trinema sp.
Pontigulasia bigibbosa Trinema lineare

Cyphoderia ampula Trinema enchelys
Cyphoderia trochus Trinema complanatum

Centropyxis aculeata aculeate Corythion dubium
Centropyxis aculeata dentistoma Corythion pulchelum

Centropyxis discoides Cyclopyxis arcelloides
Centropyxis hirsute Centropyxis constricta

Centropyxis sp.
Archerella flavum

Fig. 1. Distribution of Lithuanian freshwater testate amo-
ebae species per genus (according to Mažeikaitė, 2003)
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kaitė, most of the wa ter bodies were given 
only occasional re search (Mažeikaitė, 2003). 
In vestigated freshwater ha bitats were cha rac-
te rized by cosmopolite and com mon spe cies. 
For example, high number of hyd ro phi lous 
Diffl ugia species (16) were found. The dis tri bu-
tion of testate amoebae in fresh wa ter habi tats 
showed the highest number of species to be in 
Natural and Karst Lakes (19 species) and Ri vers 
(12  species), meanwhile less numbers of spe-
cies were identified from Artificial reservoir or 

Lagoon (Fig. 3). However, to analyze the dis tri-
bution of the amoebae depending on the type of 
water habitat would be imprecise, whereas the 
investigation of water bodies has been uneven 
and this fact is likely to influence the results. 
For instance, testate amoebae were not found in 
Kaunas Lagoon or Lake Žuvintas (Mažeikaitė, 
2003). This lake is characterized by intensi-
ve eutrophication (Stonevičius and Ta minskas, 
2007) and this type of habitat would undoub-
tedly have some species of testate amoebae.

Fig. 2. Distribution of Lithuanian terrestrial testate amoebae species per genus

Fig. 3. Number of species of testate amoebae in the main studied habitats
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Table 2. The list of testate amoebae from the study sites

Taxa Ecological preference and localities*
Arcellinidae

Arcella discoides Ehrenberg, 1843** FW (I, II)
Arcella gibbosa laevis Deflandre, 1828** FW (I)

Arcella hemisphaerica Perty, 1852** FW (II)
Arcella vulgaris Ehrenberg, 1832** FW (I, II) M (V.1; V.2; V.3; V.6; V.9)

Arcella arenaria Greef, 1866 L (VI.2), M (V.7; V.8; V.9)
Arcella arctocrea Leidy, 1876 L (VI.1; VI.2; VI.3)
Arcella catinus Penard, 1890 L (VI.2; VI.3)

Hyalospheniidae
Hyalosphenia papilio Stein, 1859 M (V.2; V.9)

Nebelidae
Nebela lageniformes Penard, 1890 M (V.9)

Nebela collaris Leidy, 1879** FW (II) M (V.9)
Nebela flabellulum Leidy, 1874 L (VI.1)

Nebela sp. Leidy, 1874 M (V.2; V.3; V.4; V.9), L (VI.1; VI.2)
Assulina muscorum Greef, 1888 M (V.1; V.2; V.4; V.5; V.7; V.8; V.9), L (VI.3)

Assulina seminulum (Ehrenberg, 1848) L (VI.3)
Difflugiidae

Difflugia avellana Penard, 1885 FW (I)
Difflugia bidens Penard, 1902** FW (I)
Difflugia corona Wallich, 1864** FW (I)

Difflugia elegans Penard, 1890 FW (III)
Difflugia fallax Penard, 1890** FW (II)

Difflugia globulosa Dujardin, 1837** FW (I); M (V.5)
Difflugia hydrostatica Zacharias, 1897** FW (I, II, IV)

Difflugia hydrostatica litophila Penard, 1902** FW (I)
Difflugia lemani Blanc, 1892** FW (II)

Difflugia limnetica (Levander, 1900) 
Penard, 1902**

FW (I, III)

Difflugia lobostoma Leidy, 1879** FW (IV)
Difflugia oblonga brevicolla Cash, 1909** FW (I)

Difflugia oblonga angusticollis Štepanek, 1952** FW (I)
Difflugia oblonga oblonga Ehrenberg, 1838** FW (I, II, IV)

Difflugia oblonga schizocaulis Štepanek, 1952** FW (I, IV)
Difflugia urceolata Carter, 1864** FW (I, IV)

Difflugia sp. Leclerc, 1815 M (V.10; V.6; V.9; V.7)
Pontigulasia bigibbosa Penard, 1902** FW (II)

Euglyphidae
Euglypha acanthophora (Ehrenberg, 1843) 

Perty, 1852**
FW (I), M

Euglypha alveolata Dujardin, 1841 M (V.2; V.7)
Euglypha ciliata (Ehrenberg, 1848) M (V.2; V.5)

Euglypha sp. Dujardin, 1840 M (V.2; V.7; V.10)
Euglypha rotunda ? (Ehrenberg, 1845) M (V.10)
Euglypha tuberculata Dujardin, 1841 M (V.6; V.10)

Euglypha laevis (Ehrenberg, 1845) M (V.5; V.6; V.7; V.8; V.9)
Euglypha strigosa (Ehrenberg, 1848) M (V.5; V.6; V.7; V.8; V.9)

Euglypha compressa Carter, 1864 M (V.9)
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The testate communities of the terrestrial 
habitats were characterized by the predomin-
ance of Euglypha, Trinema, Corythion, Assulina 
which are often referred to as typical for moss 
(Bobrov et al., 1999; Beyens et al., 1986).

Testate amoebae were not abundant in 
lichen X. parietina and were represented by 
only seven species (Table  2, Fig.  3). Lichens 
often are dry and unfavorable environment for 
testate amoebae, therefore low species diversity 
is normal. From seven species found, three 
species belonged to genus Arcella. Although the 
majority of species of Arcella are characterized 
as aquatic and hydrophilic (Malysheva  et  al., 
2013), A. arenaria, A. arctocrea and A. catinus 
which have been found are characteristic to 
drier habitats (Lamentowicz et al., 2007).

According to data of distribution of testate 
amoebae in the living environment, they were 

divided into three groups (Table  1). All three 
groups were composed of aquatic and epiphytic 
cosmopolite testate amoebae species. How-
ever, some differences in the composition 
of species of these groups were sufficiently 
clear. The aquatic group was formed of typical 
hydrophilous genera such as Arcella, Difflugia 
and Centropyxis (Mazei et al., 2009).

The terrestrial group of testate amoebae was 
characterized by typical moss-dwelling species 
as has been mentioned above. The species 
Archerella flavum has been found in sufficiently 
dry environments as moss Pleurozium schreberi, 
and that could possibly indicate that this species 
is not strictly hydrophilous (Payen et al., 2009; 
Tsyganov  et  al., 2013) or closely associated 
with Sphagnum (Hindley, 1993) as has been 
previously mentioned. The group of amoebae 
common to both freshwater and land habitats 

Taxa Ecological preference and localities*
Trinematidae

Trinema sp. Dujardin, 1841 M (V.1; V.2; V.4; V.7; V.9)
Trinema lineare Penard, 1890 M (V.7; V.10)
T. enchelys (Ehrenberg, 1838) M (V.7; V.8; V.9; V.10)
T. complanatum Penard, 1890 M (V.6; V.7; V.8; V.9; V.10)

Corythion dubium Taranek, 1871 M (V.5; V.7; V.8; V.9)
Corythion pulchelum Penard, 1890 M (V.5)

Cyphoderiidae
Cyphoderia ampula (Ehrenberg, 1840)** FW (II)

Cyphoderia trochus Penard, 1899** FW (II)
Cyclopyxidae

Cyclopyxis arcelloides Penard, 1902 ??? M (V.5; V.6; V.7; V.8; V.9; V.10)
Centropyxidae

Centropyxis aculeata aculeate 
(Ehrenberg, 1857)** FW (I)

Centropyxis aculeata dentistoma 
Decloitre, 1951** FW (II)

Centropyxis discoides Penard, 1902** FW (I)
Centropyxis hirsute Deflandre, 1920** FW (I)

Centropyxis constricta (Ehrenberg, 1841), 
Penard, 1890 M (V.5; V.6; V.7; V.8; V.9; V.10)

Centropyxis sp. Stein, 1857 M (V.2; V.4)
Amphitremidae

Archerella flavum (Archer, 1877) 
Loeblich and Tappan, 1961 M (V.8; V.9)

* – abbreviations: FW – freshwater; L – lichen; M – moss
** – names of the freshwater testate amoebae are given as they are recorded by the author (Mažeikaitė, 2003)

Table 2. Continued
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was not large and was made up of only four 
eurybionte species (Bobrov and Wetterich, 
2012) (Table 1). It is noteworthy that none of the 
spe cies has been found in all studied habitats.

The list of all taxa and their finding locality 
is presented below (Table 2).

In conclusion, the fauna of testate amoebae 
in Lithuania is diverse, abundant and it is 
expected that further investigations will extend 
the current list of testate amoebae of Lithuania.

Received 21 March 2014 
Accepted 26 March 2014

References

 1. Balik V. The effect of the road traffic pollution 
on the communities of testate amoebae (Rhi-
zopoda, Testacea) in Warsaw (Poland). Act 
Protozool 1991; 30: 5–11.

 2. Balik  V. Testate amoebae communities (Pro-
tozoa, Rhizopoda) in two moss-soil micro-
ecotones. Biol Bratisl 1996; 51: 125–33.

 3. Beyens L, Chardez D, de Landtsheer R. Testate 
amoebae from moss and lichen habitats in the 
Arctic. Polar Biol 1986; 5: 165–73.

 4. Bobrov AA, Charman DJ, Warner BG. Ecology 
of testate amoebae (Protozoa: Rhizopoda) on 
peatlands in western Russia with special at-
tention to niche separation in closely related 
taxa. Protistol 1999; 150: 125–36.

 5. Bobrov  AA, Wetterich  S. Testate amoebae of 
arctic tundra landscapes. Protistol 2012; 7: 
51–8.

 6. Charman DJ, Hendon D, Woodland WA. The 
Identification of Testate Amoebae (Protozoa: 
Rhizopoda) in Peats. Technical Guide, 2000; 
9. 147  pp. Quaternary Research Association, 
London.

 7. Conti  ME, Cecchetti  G. Biological monitor-
ing: lichens as bioindicators of air pollution 
assessment  –  a review. Env Poll 2001; 114: 
471–92.

 8. Deflandre G. Étude monographique sur le 
gen re Nebela Leidy (Rhizopoda  –  Testacea) 

(Mo nograph on the genus Nebela Leidy 
(Rhizopoda  –  Testacea)) Protistol 1936; 5: 
201–86 (in French).

 9. Esteban  GF, Clarke  KJ, Olmo  JL. Soil pro-
to zoa  –  an intensive study of population dy-
namics and community structure in upland 
grassland. Appl Soil Ecol 2006; 33: 137–51.

 10. Foissner W. Soil protozoa: Fundamental prob-
lems, ecological significance, adaptation in 
ciliates and testaceans, bioindicators, and 
guide to the literature. J Protozool 1987; 2: 
69–212.

 11. Gilbert D, Amblard C, Bourdier G, Francez AJ. 
The microbial loop at the surface of a peatland: 
Structure, function, and impact of nutrient 
input. Microb Ecol 1998; 35: 83–93.

 12. Gilbert  D, Mitchell  EAD, Amblard  C, Bour-
dier G, Francez AJ. Population dynamics and 
food preferences of the testate amoeba Nebela 
tincta Major  –  bohemica  –  collaris complex 
(Pro tozoa) in a Sphagnum peatland. Acta Pro-
tozool 2003; 42: 99–104.

 13. Grospietsch T. Wechseltierchen (Rhizopoden). 
Kosmos, Stuttgart, 1958; 80 (in German).

 14. Harmens H, Norris DA, Koerber GR, Buse A, 
Steinnes E, Rühling A. Temporal trends (1990–
2000) in the concentration of cadmium, lead 
and mercury in mosses across Europe. Env 
Poll 2008; 151: 368–76.

 15. Hingley M. 1993. Microscopic Life in Sphag-
num. Naturalists’ Handbook 20. Richmond 
Publishing Co., Slough, U. K.

 16. Hodkinson  ID, Jackson  JK. Terrestrial and 
aquatic invertebrates as bioindicators for en-
vironmental monitoring, with particular re-
ference to mountain ecosystems. Env Manag 
2005; 10: 649–66.

 17. Holt  EA, Miller  SW. Bioindicators: Using 
Organisms to Measure Environmental Im-
pacts. Nat Educ Knowl 2011; 3: 8.

 18. Lamentowicz  Ł, Gąbka  M, Lamentowicz  M. 
Species composition of testate amoebae 
(pro tists) and environmental parameters in 
a Sphagnum peatland. Pol J Ecol 2007; 55: 
749–59.



68 Ingrida Šatkauskienė

 19. Loret  JF, Greub G. Free-living amoebae: Bio-
logical by-passes in water treatment. Int J 
Hygien Env Health 2010; 213: 167–75.

 20. Lüftenegger G, Petz W, Berger H, Foissner W, 
Adam  H. Morphologic and biometric cha-
racterization of twenty four soil testate amoe-
bae (Protozoa, Rhizopoda). Archiv Protistenk 
1988; 136: 152–89.

 21. Malysheva  EA, Mazei  YuA, Yermokhin  MV. 
Testate amoebae community pattern in dif-
ferent types of boundary structures at the 
water–land contact zone. Biol Bull 2013; 40: 
823–31.

 22. Mazei YuA, Tsyganov AN, Bubnova OA. The 
structure of testate amoebae communities in 
boggy biotopes of the southern taiga (Russian 
European part). J Uspekh Sovr Biol 2009; 129: 
212–22.

 23. Mažeikaitė S. 2003. Freshwater plankton hete-
rotrophic protists of Lithuania. Press of the 
Botany Institute, Vilnius, 222 (in Lithuanian).

 24. Meisterfeld  R. Order Arcellinida Kent, 1880. 
In: Lee  JJ, Leedale  GF, Bradbury  P (eds.). 
The illustrated guide to the protozoa. Vol.  2, 
Second edition, Society of Protozoologists, 
Law rence, Kansas, USA, 2002a; 827–60.

 25. Meisterfeld R. Testate amoebae with filopodia. 
The illustrated guide to the protozoa (ed. by 
J. J. Lee, G. F. Leedale and P. Bradbury), Society 
of Protozoologists, Lawrence, Kansas, USA, 
2002b; 1054–84.

 26. Mieczan T. Epiphytic protozoa (testate amoe-
bae and ciliates) associated with Sphagnum 
in peatbogs: Relationship to chemical para-
meters. Pol J Ecol 2007; 55: 79–90.

 27. Mitchell  EAD, Bragazza  L, Gerdol  R. Tes tate 
amoebae (Protista) communities in Hylo co
mium splendens (Hedw.) B. S. G. (Bryo phy ta): 
Relationships with altitude, and moss elemen-
tal chemistry. Protistol 2004; 155: 423–36.

 28. Mitchell  EAD, Charman  DJ, Warner  BG. 
Testate amoebae analysis in ecological and pa-
leoecological studies of wetlands: past, present 
and future. Biodiv Conserv 2008; 17: 2115– 
37.

 29. Nguyen-Viet  H, Gilbert  D, Mitchell  EAD, 
Badot PM, Bernard N. Effects of experimental 
lead pollution on the microbial communities 
associated with Sphagnum fallax (Bryophyta). 
Microb Ecol 2007; 54: 232–41.

 30. Nguyen-Viet  H, Gilbert  D, Bernard  N, Mit-
chell  EAD, Badot  PM. Relationship between 
At mospheric Pollution Characterized by 
NO2 Con centrations and Testate Amoebae 
Density and Diversity. Acta Protozool 2004; 43: 
233–9.

 31. Ogden CG. Shell structure in some pyriform 
species of Difflugia (Rhizopoda). Archiv Pro-
tistenk 1983; 123: 455–70.

 32. Ogden CG, Hedley RH. An atlas of freshwater 
testate amoebae. Oxford University Press, 
Lon don, 1980.

 33. Payne  R, Gauci  V, Charman  DJ. The Impact 
of Simulated Sulfate Deposition on Peatland 
Testate Amoebae. J Microbiol Ecol 2009; 59: 
76–83.

 34. Payne R, Mitchell EAD, Nguyen-Viet H, Gil-
bert  D. Can pollution bias peatland palaeo-
climate reconstruction? Quatern Res 2012; 78: 
170–3.

 35. Perlmutter  GB. Bioassessing air pollution 
effects with epiphytic lichens in Raleigh, 
North Carolina, U. S. A. Bryologist 2010; 113: 
39–50.

 36. Rosenberg  DM, Resh  VH. Freshwater Bio-
monitoring and Benthic Macroin vertebra tes. 
New York, NY: Chapman and Hall, 1992.

 37. Schröder  W, Holy  M, Pesch  R, Harmens  H, 
Fagerli  H, Alber  R, Coşkun  M, De  Tem-
mer man  L, Frolova  M, González-Miqueo  L, 
Jeran  Z, Kubin  E, Leblond  S, Liiv  S, Maň-
kovsk  B, Piispanen  J, Santamaría  JM, Simo-
nèiè P, Suchara I, Yurukova L, Thöni L, Zech-
meister  HG. First Europe-wide correlation 
analysis identifying factors best explaining 
the total nitrogen concentration in mosses. 
Atmosp Env 2010a; 44: 3485–91.

 38. Stonevičius E, Taminskas J. Lake Žuvintas wa-
ter quality analysis employing PC lake mo del. 
Ekologija 2007; 53: 51–5.



69Testate amoebae (Testaceae) of Lithuania

 39. Sullivan  ME, Booth  RK. The potential influ-
en ce of short-term environmental variability 
on the composition of testate amoeba com-
munities in Sphagnum peatlands. Microb Ecol 
2011; 62: 80–93.

 40. Šatkauskienė  I, Vosyliūtė  R. Microfauna of 
Moss (Bryophyta: Bryopsida) from four re-
gions of Lithuania. Acta Zool Lit 2010; 20: 
225–31.

 41. Šatkauskienė  I. Microfauna of Lichen (Xan
thoria parietina) in Lithuania: Diversity Pat-
terns in Polluted and Non-polluted Sites. Balt 
Forest 2012; 18: 255–62.

 42. Šatkauskienė  I, Štuopytė  G, Šidlauskaitė  L, 
Kantautė  V. Research on terrestrial testate 
amoe bae (Testacea) in Lithuania. 7th Inter-
national Scientific Conference the Vital Natu-
re Sign. Abstract book 2013; ISSN 2335–8653.

 43. Tsyganov  AN, Keuper  F, Aerts  R, Beyens  L. 
Flourish or Flush: Effects of Simulated Extreme 
Rainfall Events on Sphagnum-dwelling Testate 
Amoebae in a Subarctic Bog (Abisko, Swe-
den). Microb Ecol 2013; 65: 101–10.

 44. Tsyganov  AN, Milbau  A, Beyens  L. Envi-
ronmental factors influencing soil testate 
amoe bae in herbaceous and shrubby vege ta-
tion along an altitudinal gradient in subarctic 
tundra (Abisko, Sweden). Eur J Protistol 2013; 
49: 238–48.

 45. Winiecka-Krusnell  J, Linder  E. Bacterial in-
fections of free-living amoebae. Res Micro biol 
2001; 152: 613–9.

Ingrida Šatkauskienė

LIETUvOS kIAUTINėS AMEbOS 
(TESTACEAE)

Santrauka
Kiautinės amebos (Testaceae)  –  pirmuonys, papli-
tę vandens telkiniuose, dirvožemyje, samanose. 
Straips nyje apžvelgiama kiautinių amebų svarba 
eko sistemose, jų indikatorinės savybės. Nors kiau-
tinių amebų yra daug ir jos paplitusios, tačiau jų 
ištirtumas Lietuvoje nėra pakankamas. Straipsnyje 
apžvelgiami duomenys apie šių protistų rūšis, ran-
damas Lietuvos vandenyse, samanose, kerpėse. Pa-
teikiamas preliminarus Lietuvoje randamų kiautinių 
amebų rūšių sąrašas.

Raktažodžiai: kiautinės amebos, bioįvairovė, in-
dikatoriai


