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Summary

An ecological study of the testate amoebae community in a sphagnum bog  in the Middle Volga 
region (Russia) during April–October 2004 revealed 63 taxa, belonging to 21 genera. Within 
the limits of the bog two types of community differing by species composition are formed:
(1) moss dwelling testate amoebae assemblage in sphagnum quagmire and (2) detritus testate 
amoebae assemblage in bottom sediments of drain. In accordance with the distributional pat-
tern, it is possible to differentiate the following groups of species. Detritophilous group (occurs 
in assemblages of quagmire margin and bottom sediments of drain) is represented by Arcella 
gibbosa, A. vulgaris, A. hemisphaerica, A. discoides, A. intermedia, A. mitrata, Centropyxis acu-
leata sphagnicola, Cyclopyxis kahli, Difflugia glans, Lesquereusia spiralis, Netzelia tuberculata
and Phryganella hemisphaerica. Stenotopic sphagnophilous species (inhabit typical sphagnum 
biotopes only) are Archerella flavum, Euglypha cristata, Difflugia juzephiniensis, Cryptodifflugia 
compressa, Sphenoderia fissirostris and Nebela militaris. Eurytopic sphagnophilous species 
(inhabit both typical sphagnum biotope and quagmire margin) are Nebela tenella, N. tincta, 
Euglypha ciliata, Bullinularia indica, Assulina seminulum, A. muscorum, Hyalosphenia elegans, 
Difflugia globulosa, D. parva and Centropyxis aculeata. Eurytopic species (occur in all biotopes) 
are Arcella arenaria, Euglypha laevis, Trigonopyxis arcula, Hyalosphenia papilio and Trinema 
complanatum. 

Within the sphagnum quagmire of the bog investigated, three types of testate amoebae com-
munities in terms of species structure were revealed: (i) xerophilous community (in hummocks 
with Polytrichum strictum, Sphagnum papillosum and S. angustifolium) Assulina muscorum–A. 
seminulum–Cryptodifflugia compressa; (ii) hygrophilous community (in lawns with Sphagnum 
palustre and S. magellanicum) Hyalosphenia papilio–H. elegans–Heleopera sphagni–Nebela 
tenella; and (iii) hydrophilous community (in submerged Sphagnum riparium) Cyclopyxis eu-
rystoma–Phryganella hemisphaerica–Heleopera sphagni–Hyalosphenia papilio. The main factor
determining differences  in community structure was depth to water table (moisture content).
Community forming at the edge of quagmire was the most specific. Assemblages in moist bi-
otopes at the centre of quagmire were quite homogenous, while in dry biotopes they were more 
different. Density of organisms was higher in moist habitats. Thirty-five percent of the testate 
amoebae fauna was alive at the moment of sampling.  The share of live organisms  was higher
in moist habitats (36–45%) than in dry biotopes (22–27%).

We explored the patterns of testate amoebae distribution in macroscopically homogeneous 
Sphagnum angustifolium carpet  at the scale from 1 cm to 2 m. The spatial distribution analysis
of populations of different species showed that most of them combined into slightly marked
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Introduction

Testate amoebae are free-living heterotrophic 
protists with a wide geographical distribution and a 
significant range of habitats from water  to soil. They
are especially abundant and diverse in sphagnum 
biotopes, where they play a key role in functioning 
of the microbial loop (Gilbert et al., 1998a, 1998b; 
Mitchell et al., 2003; Gilbert and Mitchell, 2006). 

Present-day  studies of testate amoebae  concen-
trate on revealing the quantitative value of ecological 
optimum of species in relation to the basic environ-

ment factors, first of all to moisture, acidity, veg-
etation and organic content (Charman and Warner, 
1992, 1997; Tolonen et al., 1994; Bobrov et al., 2002; 
Booth, 2002; Mitchell, 2004; Lamentowitcz and 
Mitchell, 2005; Opravilová and Hájek, 2006). More 
rarely attention is paid to coenotic factors deter-
mining structural features of testate amoebae com-
munities, such as feeding (Gilbert et al., 2000, 2003; 
Gilbert and Mitchell, 2006), or to morphological pat-
terns of niche space separation (Bobrov et al., 1995, 
1999; Bobrov et al., 2002). 

It is known that the main factors determining 

aggregations with unclear bounds. So, these aggregations probably resemble more or less ex-
pressed patches of different size smoothly passing into each other rather than a distinct spa-
tially constrained groups. The size of agglomerations  is species-specific and in some cases
(Assulina muscorum  and A. seminulum)  has positive correlations with amoebae shell size. 
Some species produce aggregations  of different size, the smallest patch  reaching 1 cm. Degree
of aggregation of species distribution rises with increase of the study scale, but at the same time 
community heterogeneity grows too, i.e. aggregations of different species of testate amoebae 
are not connected  with each over in meter scale. Minimal size of testate amoebae community 
(minimum-areal)  does not exceed several centimeters.

 The presence of a well-defined vertical structure of testate amoebae community in sphag-
num biotopes was shown.  The species H. papilio, A. flavum, A. muscorum, A. seminulum,
H. sphagni were characteristic  of the upper parts of Sphagnum stem, some of them (A. fla-
vum, H. sphagni, H. papilio) were mixotrophs. In the upper 0–3 cm of sphagnum layer, spe-
cies number and species diversity were minimal, whereas abundance was maximal.  The share
of living organisms in the upper zone was significantly higher (about 75%) than in the lower
one. Communities forming  under drier conditions have the most heterogeneous vertical struc-
ture.  The opposite tendencies in distribution of pair species H. papilio–H. elegans were noted. 
Mixotrophic species (H. papilio) dwells in the upper sphagnum part while heterotrophic species 
(H. elegans) lives in the lower one.

During vegetation season, from May to September,  the species richness increased, while 
species diversity and evenness remained at the same level with insignificant fluctuations. At the
same time, species abundance could increase, decrease or vary without well-defined directed
tendencies.  Characteristics of seasonal dynamics of dominant species in different commu-
nity variants were shown. In hygrophilous community species dominant in spring H. papilio, 
N. tincta and H. sphagni, and in summer-autumn, N. tenella and H. elegans. In xerophilous 
community the spring community was dominated by A. muscorum, N. tincta, H. sphagni, the 
summer one,  by N. tenella, A. seminulum, H. elegans, E. ciliata and the autumn community, by 
C. compressa, T. arcula, A. seminulum. It was found that closely related species have opposite 
tendencies in seasonal distribution. So, in pairs of species H. papilio–H. elegans, N. tincta–N. 
tenella, A. muscorum–A. seminulum all the  former species were characteristic  of spring and 
the beginning of summer, while all the latter were mainly found at the end of summer and 
in early autumn.  A great  share of empty tests of the genus Assulina is accounted for, first of
all,  by low moisture content in biotopes where these species live (under these conditions tests 
are better preserved) and, secondly , by r-strategy of these small organisms, whose population 
abundance increases or decreases fast as a reaction to environment changes.

Key words: testate amoebae, sphagnum bog, community structure, Middle Volga Region, mi-
croscale spatial distribution, vertical structure, patches, seasonal dynamics.
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horizontal distribution of testate amoebae in sphag-
num are moisture content and pH (Meisterfeld, 
1977, 1978; Warner, 1987; Tolonen et al., 1992, 1994; 
Charman and Warner, 1992; Beyens and Chardez, 
1994; Charman, 2001; Mitchell et al., 1999; Booth, 
2001, 2002; Bobrov et al., 2002; Lamentowicz and 
Mitchell, 2005; Opravilovà and Hàjek, 2006, etc.). 
For many species the presence of clear-cut environ-
mental preferences was shown, this stenotopy mak-
ing them very useful bioindicators (Meisterfeld, 1997; 
Foissner, 1999). In  this way testate amoebae are used 
for reconstruction of past environmental conditions 
(Harnisch, 1929; Grospietsch, 1952, 1953a, 1953b; 
Tolonen, 1966; 1986; Laminger, 1975; Laminger et 
al., 1981; Warner and Charman, 1994; Woodland et 
al., 1998; Charman et al., 2000; Hendon et al., 2001; 
Mitchell et al., 2001; Charman, 2001, Schnitchen et 
al., 2003; Bobrov, 2003a; Bobrov et al., 2004; Davis, 
Wilkinson and 2004; Gearey and Caseldine, 2006; 
Hughes et al., 2006) and  for assessment of lake water 
pollution (Patterson et al., 1996, 2002) and peatlands 
regeneration after peat extraction (Buttler et al., 1996;
Hendon and Charman, 2004). 

Although the body of literature on peatland tes-
tate amoebae is growing and similar findings have
been obtained from most locations, further investi-
gation of unexplored regions is still necessary. First 
of all, such work will demonstrate universality of 
earlier results taking into account all variety of bogs, 
and, secondly, will open up possibilities to  apply lo-
cal  features of community structure  to regional en-
vironmental monitoring.

In Russia studies of sphagnobiont testate amoebae  
were carried out mainly in the north and northwest of 
the European part and partially in Siberia (Bassin, 1944; 
Alekseev, 1984; Bobrov et al., 1995, 1999, 2002; Bobrov, 
1999, 2003a). Investigations of southern regions  were 
exceptionally faunistic (Tarnogradsky, 1959, 1961). 

Until recently testate amoebae communities in 
Sphagnum-dominated ecosystems of the Middle 
Volga Region remained poorly investigated.  These
bogs, located near the south border of bog distribu-
tion, are not numerous because of insufficient hu-
midity and elevated relief with erosional surface, 
which in most cases exclude formation of close in-
ternal-drainage hollows. However, these bogs are 
very interesting for research and may yield results 
different from those of the better-studied regions.
Several earlier investigations focused on sphagnum 
bogs of Middle Volga (Keller, 1903; Dokturovskiy, 
1925; Chiguryaeva, 1941; Sprygin, 1986 – post mor-
tem publication of a  study from  early 1940ies) was 
carried out  in the first half of  the 20th century.  They
revealed that all these bogs originate from over-

grown lakes of flood-lands and divides. At present
nearly all of them have been altered by human activ-
ity (Chistyakova and Kulikovsky, 2004; Ivanov and 
Chistyakova, 2005; Stoiko, Mazei, 2005; Ivanov et al., 
2006).

In this connection, one of the aims of the pres-
ent work was to study species composition, commu-
nity species structure and pattern of testate amoebae 
distribution in relation to biotope heterogeneity in 
the bog Bezimyanoe located in the Sura river basin 
(Middle Volga Region, Russia).

Testate amoebae living in sphagnum biotopes 
provide a good possibility of investigating general 
patterns of community structure in space and time. 
Community structure analysis is mainly based on 
data  on spatio-temporal distribution of organisms. 
It is well known that spatial distribution of live or-
ganisms is nonrandom (Begon et al., 1986). Such het-
erogeneity very often reflects irregularity of spatial
distribution of environmental parameters or  stems 
from species interaction or past process (Borcard et 
al., 1992).  Most  issues concerning patterns of com-
munity spatial distribution are still unexplored.  In 
particular, it is not quite clear so far  how the spa-
tial scale of investigations influences  the commu-
nity structure patterns revealed  (Schneider, 1994; 
Huston, 1999). However, it is known that  the pat-
terns of community spatial structure depend on size 
of organisms (Rusek, 1992; Burkovsky et al., 1994; 
Balik, 1996a, 1996b; Azovsky, 2000, 2002; Udalov 
et al., 2004; Azovsky et al., 2004). This question is
especially  important  in the case of unicellular or-
ganisms, since successful investigation of minute or-
ganisms’ communities, living in another spatio-tem-
poral scale than the person studying them, is only 
possible if the study is carried out  at the same scale 
of space-time continuum in which the main process-
es resulting in protozoan community formation are 
realized. The problem is further complicated  by the
fact that microgradients of environmental factors, 
which influence  the microorganisms, are   invisible
(Mitchell et al., 2000). It was shown  on some pro-
tist groups  that changes  in patterns of microspa-
tial distribution depend on the investigation scale 
(Burkovsky and Aksenov, 1996; Burkovsky et al., 
1996 – marine littoral interstitial ciliates; Saburova et 
al., 1991, 1995 – marine littoral microphytobenthos). 
Our work attempts  to solve some of the above-men-
tioned questions of protozoan ecology by studying 
spatial structure of testate amoebae community from 
Sphagnum-dominated ecosystem. 

 Spatial heterogeneity may also be vertical. Vertical 
organization of ecosystems results from direction of 
gravitation and light (Margalef, 1992). Primary pro-
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duction forms in photic zone, where light is available 
for primary producer. Mineralization takes place in 
aphotic zone, where heterotrophs are dominant. Thus,
the environment contains a great amount of organic 
matter, which is oxidized in the upper levels and re-
duced in the lower levels (of ecosystems) (Margalef, 
1992). Such vertical differentiation is  prominent in
sphagnum biotopes (Denisenkov, 2000). Sphagnum 
mosses produce specific environment in the context
of landscape and in the tussock (Zavarzin, 2004). 
Branches forming dense heads at the top cover thin 
and long sphagnum stem without rhizoids. Annually 
the lower part of sphagnum dies, and the upper one 
grows  due to remaining buds.  Dead sphagnum parts, 
submerged in water with low oxygen content, feebly 
decay producing peat. As a result, horizons with spe-
cific conditions are formed. From sphagnum surface
to 3–6 cm depth upright stems of “green moss” are 
located, further down to 15 cm depth “white moss”, 
which has lost chlorophyll due to shading, appears. 
And at  a depth of 20 cm the layer of peat-forming 
“brown moss” begins.

Testate amoebae community structure changes 
with depth according to vertical zonality of biotope 
(Heinis, 1945; Chacharonis, 1956; Bonnet, 1958; Heal, 
1962; Schönborn, 1963; Meisterfeld, 1977; Buttler et 
al., 1996; Booth, 2002; Mitchell and Gilbert, 2004).  
At the same time, distinct vertical differentiation of
communities was marked not only for typical sphag-
num biotopes but also for drier biotopes with a signif-
icant  share of Polytrichum strictum in moss carper.  
Species diversity of testate amoebae also increased 
with the depth; mixotrophic species with organic 
shell without cover elements were shown to dominate 
in the upper levels of sphagnum stems, while species 
with heavy shells with attached particles dominated 
in lower zones (Bonnet, 1958; Chacharonis, 1956; 
Heal, 1962; Schönborn, 1963; Meisterfeld, 1977). 
However, in dry habitats these patterns could be  fee-
ble (Mitchell and Gilbert, 2004).

 Despite the long research history, the number of  
studies of vertical structure of testate amoebae com-
munities in recent Sphagnum in microscale  is insuf-
ficient (Heinis, 1945; Chacharonis, 1956; Bonnet,
1958; Heal, 1962; Schönborn, 1963; Meisterfeld, 1977; 
Mitchell and Gilbert, 2004).  Many aspects of vertical 
changes of testate amoebae communities remain un-
clear. How does community structure change along 
the vertical gradient in sphagnum? In which horizon 
do the most significant changes take place?  To what
extent  is vertical structure stable in time? How do  
the characteristics of vertical structure depend on  
those of the biotope? Discussion of these questions is 
the aim of this study.

Seasonal pattern of community structure repre-
sents another general view of community organi-
zation. Seasonal changes in community structure 
of protists in temperate climate have a well-defined
cyclical character (Wang, 1928; Burkovsky, 1971, 
1978, 1984; Patterson et al., 1989; Jax, 1992; 1996; 
Guhl et al., 1994; Mathes and Arndt, 1995; Auer and 
Arndt, 2001; Mazei and Burkovsky, 2002). Dynamic 
processes  manifest themselves in changes of species 
composition and integral community parameters. 
All these changes are characterized by variability 
and direction simultaneously. Directional changes 
are caused by regular changes of environmental con-
ditions during vegetation season. At the same time, 
considerable fluctuations of environment modify
and make insignificant the common tendencies, in-
troducing the accidental element. 

Studies of patterns of seasonal dynamics of tes-
tate amoebae communities are scanty. There are
some investigations of soil assemblages (Smith, 1973; 
Schönborn, 1975, 1977, 1978, 1982, 1986; Coûteaux, 
1976; Laminger, 1978; Laminger et al., 1980; Lousier, 
1984, 1985), benthic and periphytic freshwater com-
munities (Schönborn, 1981; Jax, 1992, 1996; Vikol, 
1992). Heal (1964) described seasonal changes in 
abundance and activity of Testacea in Sphagnum, 
but  considered only three species (Hyalosphenia 
papilio, Amphitrema flavum and Nebela sp.). So, the 
aim of the  this study was investigation of seasonal 
changes of testate amoebae community structure in 
Sphagnum.

Thus,  in the present paper we have set five aims in
order to describe testate amoebae community struc-
ture in space and time:

– to investigate species composition and species 
distribution,

– to reveal species structure and influence of
moisture as the main factor controlling testate amoe-
bae community structure in boggy biotopes,

– to investigate microspatial horizontal structure 
in homogeneous Sphagnum angustifolium carpet  at 
a scale from 1 cm to 2 m,

– to investigate microspatial vertical structure in 
relation to environmental conditions,

– to describe temporal patterns according to sea-
sonal climatic changes.

Material and Methods

Study site 

The bog Bezimyanoe where this study was per-
formed is one of the largest in Svetlaya Polyana bog 
complex located 15 km North-East from Penza city 
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(Fig. 1). The bog  is roundish, about 300 meters in
diameter. The lawn vegetation of the study area is
dominated by reed-grass (Calamagrostis canescans 
(Web.) Roth), cotton-grass (Eriophorum vaginatum 
L.) and bogbean (Menyanthes trifoliata L.). The cen-
tre of the bog became overgrown with bushy trees of 
white birch (Betula pubescens Ehrh.) and Scotch pine 
(Pinus sylvestris L.), as well as with undershrubs of 
wood myrtle (Myrtus communis L.). The moss car-
pet is quite flat, with predominant species Sphagnum 
palustre L., Sphagnum magellanicum Brid. and 
Sphagnum angustifolium (C. Jens ex Russ.) C. Jens. 
At the centre there are hummocks formed by differ-
ent sphagnum species (manly Sphagnum papillosum 
Lindb. and S. angustifolium) and moss Polytrichum 
strictum Brid., on which sundew (Drosera rotun-
difolia L.) grows. Peat was excavated in the bog, 
there is a drain along its edge and some ditches with 
open water in the centre,  where common bladder-
wort (Utricularia vulgaris L.) and least bur-reed 
(Sparganium minimum Wallr.) were found. The edge
of the sphagnum quagmire directed to the drain is 
formed by Sphagnum riparium Aongstr. (Ivanov and 
Chistyakova, 2005; Ivanov et al., 2006).

Field sampling 

Samples were collected between April 20 and 
October 23, 2004 every month with equal intervals 
at seven stations (Table 1). One station was repre-
sented by bottom sediments (tree waste and coarse 
detritus) from drain.  The others were located within
the sphagnum quagmire where two types of samples 

were taken. The first one was subsoil water with peat
particles located at the depth from 5 to 30 centime-
ters below surface of sphagnum carpet. The second
one was sphagnum stems where testate amoebae in-
habit sinuses of leaves.  The material obtained was
placed in plastic bottles and 3% formaldehyde was 
added for fixation.

Sampling sites were selected in an attempt to rep-
resent the full range of microbiotopes within the bog. 
Two stations (st.1 and st.2) were located at the centre 
of the bog, where microrelief (e.g. hummocks and 
hollows) and lignosa (birch and pine) are  promi-
nent. Two stations (st.5 and st.6) were at the edge of 
quagmire, the station 6 right on the border with the 
drain, and the station 5 at the area with well-formed 
and regular sphagnum carpet.  Finally, two stations 
(st.3 and st.4) were located on the  border between 
the peripheral and the central zone of the bog, where 
there were  of Betula pubescens and first hummocks
were present. The detailed description of the bio-
topes investigated  and a designation of the stations 
are presented in table 1. Three stations (st.1, st.3 and
st.5) were located in different zones of the bog but in
rather similar sites of moss carpet, with the predomi-
nance of large-leaved sphagnum (mainly S. palustre) 
and depth to water table from 2 to 16 cm. It is inter-
esting that on the least moist station (st.5) one more 
species, S. magellanicum, appeared; it is characteris-
tic  of such conditions (Denisenkov, 2000). Two sta-
tions (st.2 and st.4) were located on hummocks with 
depth to water table from 16 to 32 cm. Hummocks in 
the bog centre were drier. Stations 6 and 7 were influ-
enced by drain (station 6 was located at the edge of 

Fig. 1. Sketch map of geographical location of  the bog investigated.
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quagmire, station 7, in the bottom sediments  of the 
drain). They were characterized by the lower values
of acidity (рН 4.5–5.2 in contrast to 4.0–4.1  at other 
stations), electric conductivity, and temperature, be-
cause of shading bordering trees. Redox-potential  at 
the all sites was quite high,  which reflects prevalence
of oxidizing processes in the ecosystem investigated.

Species composition was investigated  in the bot-
tom sediments and subsoil waters (stations 1–7). 
Community structure was analyzed  in sphagnum 
stems (stations 1–6). 

In order to investigate microscale horizontal dis-
tribution, samples (altogether 84) were collected on 
August 20, 2004, in macroscopically homogenous 
Sphagnum angustifolium carpet. For sampling a plot 

270 × 270 cm was subdivided into 4 subplots, 135 × 
135 cm in size. In each subplot, the first  sample was
taken at the centre (diagonal cross), the others were 
placed diagonally at  a distance of 1 cm, 3 cm, 9 cm, 
27cm and 81 cm from the first one (Fig. 2).  At the
scale of the whole plot, we  had another scale, 192 
cm. A single stem of Sphagnum moss was carefully 
extracted from the carpet, the green part (upper 3 
centimeters) was  cut out and stored in a vial Later 
3% formaldehyde was added for fixation. Only  live
amoebae were identified and counted. So it was pos-
sible to compare communities forming at different
distance from each other. Altogether we analyzed 6 
scales: 1 cm, 3 cm, 9 cm, 27 cm, 81 cm and 192 cm.

 To investigate vertical community structure, a 

Table 1. Description of the biotopes investigated

Environmental  
variables

Station*

1 2 3 4 5 6 7

Substrate 
(sphagnum species)

S.
 p

al
us

tr
e

S.
an

gu
st

ifo
liu

m
, 

P.
st

ric
tu

m

S.
pa

lu
st

re

S.
pa

pi
llo

su
m

S.
pa

lu
st

re
, 

S.
m

ag
el

la
ni

cu
m

S.
rip

ar
iu

m

D
et

rit
us

Depth of water table, cm

average for season 
range

5 
(2–7)

27 
(22–32)

7 
(2–13)

23 
(16–27)

12 
(10–16)

1 
(0–3)

standard deviation 2.16 4.57 61.2 18.2 2.61 1.41

рН

average for season 
range

4.0 
(3.7–4.4)

4.0 
(3.7–4.4)

4.0 
(3.7–4.4)

4.2 
(3.7–4.4)

4.1 
(3.6–4.6)

4.5 
(4.1–4.9)

5.2 
(4.9–5.4)

standard deviation 0.28 0.3 0.43 0.28 0.35 0.28 0.19

Eh, mV

average for season 
range

190 
(110–270)

230 
(200–270)

160 
(90–170)

160 
(90–260)

160 
(90–170)

150 
(90–240)

180 
(120–230)

standard deviation 55.81 32.4 57.49 64.22 71.22 50.53 37.36

Electro-conductivity, mkSim/cm

average for season 
range

56 
(48–94)

58 
(48–94)

44 
(26–75)

44 
(26–75)

48 
(36–77)

25 
(19–36)

31 
(23–40)

standard deviation 25.87 25.96 18.93 21.16 18.81 5.98 6.68

Water temperature, °С

average for season 
range

18.2 
(8.5–27.7)

17.9 
(8.5–26.1)

17.1 
(8.8–24.1)

17.1 
(8.8–24.1)

17.2 
(5.2–26.0)

16.4 
(5.5–22.7)

15.5 
(5.5–22.8)

standard deviation 6.97 5.46 6.09 5.97 7.14 6.38 6.48

*st.1 — centre of the bog, flat sphagnum, st.2 — centre of the bog, hummock, st.3 — middle part of the bog, flat
sphagnum, st.4 — middle part of the bog, hummock, st.5 — peripheral part of the bog, flat sphagnum, st.6 —
peripheral part of the bog, edge of quagmire directed to drain, st.7 — bottom sediments of drain.



162

part of sphagnum was taken from sward and 10 sep-
arate plants were picked out from it. Then they were
cut up according to vertical differentiation of the bio-
tope. At the station within the main part of the bog 
(stations 1–4), five zones 0–3, 3–6, 6–9, 9–12 and 12–
20 cm were distinguished. Samples taken from the 
bog edge, where peat layer were feebly-marked and 
the drain influence was significant, were divided into
six parts: 0–3, 3–6, 6–9, 9–12, 12–20 and 20–30 cm at 
station 5 and 0–3, 3–6, 6–9, 9–12, 12–15 and 15–35 
cm at station 6.

 
Counting of  amoebae

 
During sampling a part of sphagnum was taken 

from quagmire and  10 separate plants were picked 
out.  To extract testate amoebae from  the moss, sam-
ples were thoroughly shaken and stirred for 10 min in  
some distilled water. The suspension without sphag-
num stems was poured off to a Petri dish; live amoe-
bae and empty tests were distinguished and counted 
separately in one-tenth field of vision of stereomicro-
scope MBS–9 (Russia)  at a magnification of ×60. The
amounts of cells obtained were evaluated to 1 gram 
of absolute dry sphagnum weight. If  necessary, the 
tests were transferred, with the help of a thin pipette, 
to an object-plate, placed in a drop of glycerin and 
investigated  at a magnification of x150 or x300 with
the  use of BIOMED–2 microscope (Russia).

Active diversity was estimated on the basis of live 
testate amoebae numbers. For assessment of total di-
versity, empty tests were also counted. Always pres-
ent in testate amoebae assemblages because of their 
resistance to decay, empty tests reflect the integral
pool of species living in a biotope (Bobrov, 2003a). 

Separate counting of live organisms and empty tests  
allows a twofold description of communities. Taking 
into account only live organisms, we can estimate  
the characteristics of community structure at the 
moment of sampling. Calculation of  total testate 
amoebae abundance (including empty tests) gives 
an adequate representation  of full species composi-
tion of habitat (total diversity).  Involvement of  the 
“passive” part of the assemblage allows one to avoid  
laborious seasonal studies   aimed at revealing rare 
species and to obtain  exact data  from a single sam-
pling (Rakhleeva and Korganova, 2005).

Data on the abundance of live organisms were 
used only for analysis of seasonal changes.

Data analysis 

Investigation of species composition and dis-
tribution of species. For estimation of reliability of 
distinctions between species richness in different
assemblages, Mann-Whitney test with Bonferroni 
correction was used. A hierarchical cluster analysis, 
based on the average distance between all members 
in two groups with the Raup-Crick index as a simi-
larity measure for presence-absence data, and princi-
pal components analysis (PCA) were used for com-
munity classification.  PCA was also performed to
reveal a pattern of species distribution. 

Investigation of community structure. For 
community classification a principal component
analysis was performed separately for relative spe-
cies abundance data (which allows one to take into 
account only structural differences) and for species
abundance data transformed on average ( which al-
lows one to consider only trends of changing species 
abundance in different communities). To explain
possible relationships between the moss dwelling tes-
tate amoebae fauna and the measured environmental 
variables (moisture, pH and habitat type), Spearman 
correlation coefficient was calculated between values
of environmental variables and factor scores. 

Investigation of microspatial horizontal distri-
bution. Aggregation degree of the organisms’ spatial 
distribution was estimated with the help of Casy in-
dex: 

C = (S2-M)/M2,

where M is average abundance of a given species in 
all the samples in the scale, S2 is dispersion. Use of 
this index allows one to reveal  the character of the 
organisms’ spatial distribution: if C=0, distribution 
is random, if C<0, distribution is regular, if C>0, dis-
tribution is aggregated.

To estimate the homogeneity level of the species 

Fig. 2. Sampling scheme of microspatial distribu-
tion investigation.
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Table 2. List and occurrence of testate amoebae species in Bezimyanoe sphagnum bog.  
Occurrence higher than 0.5 is in bold type

Testate amoebae taxon

Stations 

Occurrence in base of leaves
Occurrence in bottom and peat 

sediments

1 2 3 4 5  6 1 2 3 4 5 6 7

AMOEBOZOA Lühe, 1913, emend. 
Cavalier-Smith, 1998

●Tubulinea Smirnov in Adl et al., 2005

●●Testacealobosia De Saedeleer, 1934

●●●Arcellinida Kent, 1880

●●●●Arcellidae Ehrenberg, 1832

Arcella arenaria Greeff, 1866 0.8 0.0 0.2 0.0 0.0 1.0 0.7 0.7 0.3 0.8 0.0 0.8 0.3

A. a. compressa Chardez, 1974 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

A. artocrea pseudocatinus Deflandre, 1928 1.0 0.3 1.0 0.4 1.0 0.2 0.9 0.3 0.9 0.2 0.9 0.2 0.0

A. brasiliensis da Cunha, 1913 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

A. catinus Penard, 1890 0.3 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

A. conica (Playfair, 1918) Deflandre, 1928 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A. discoides Ehrenberg, 1843 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.5 0.6

A. gibbosa Penard, 1902 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.8 0.6

A. hemisphaerica Perty, 1852 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.1 0.3 0.1

A. intermedia (Deflandre, 1928) Tsyganov,
Mazei, 2006

 
0.0

 
0.0

 
0.2

 
0.0

 
0.0

 
1.0

 
0.0

 
0.0

 
0.1

 
0.0

 
0.1

 
0.8

 
0.3

A. megastoma Penard, 1902 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A. mitrata Leidy, 1879 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.8 0.1

A. rotundata Playfair, 1918 0.3 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.2 0.0

A. vulgaris Ehrenberg, 1832 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.5 0.7

●●●●Centropyxidae Jung, 1942

Centropyxis aculeata Stein, 1857 1.0 0.5 1.0 0.4 0.8 0.8 1.0 0.8 1.0 0.8 1.0 0.8 0.1

C. aerophila sphagnicola Deflandre, 1929 0.0 0.3 0.0 0.2 0.0 0.8 0.1 0.2 0.0 0.0 0.1 0.3 1.0

C. hemisphaerica (Barnard, 1875) 
Deflandre, 1929

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.0

 
0.2

 
0.0

C. platystoma (Penard, 1890) Deflandre,
1929 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.3 0.0

C. orbicularis Deflandre, 1929 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cyclopyxis eurystoma Deflandre, 1929 0.0 0.3 0.2 0.2 0.6 0.6 0.0 0.2 0.0 0.0 0.3 0.0 0.3

C. kahli Deflandre, 1929 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.7

Trigonopyxis arcula Leidy, 1879 0.5 0.5 0.4 0.8 0.6 0.0 0.4 0.3 0.6 1.0 0.6 0.3 0.7

●●●●Plagiopyxidae Bonnet et 
Thomas, 1960

Bullinularia indica Penard, 1907 1.0 0.8 0.8 0.4 0.6 0.0 1.0 0.7 0.4 1.0 1.0 0.3 0.0

●●●●Difflugiidae Wallich, 1864

Difflugia bacillifera Penard, 1890 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D. gigantea (Chardez, 1967) Ogden, 
Fairman, 1979 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
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D. glans Penard, 1902 0.0 0.0 0.0 0.0 0.2 0.4 0.0 0.0 0.1 0.0 0.0 0.5 0.3

D. globulosa Dujardin, 1837 1.0 0.3 0.4 0.0 0.4 0.4 1.0 0.5 0.7 0.8 0.9 0.8 0.0

D. juzephiniensis Dekhtyar, 1993 0.5 0.0 1.0 0.0 0.6 0.4 0.3 0.2 1.0 0.5 1.0 0.2 0.0

D. oblonga Ehrenberg, 1838 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.3 0.0

D. parva (Thomas, 1954) Ogden, 1983 1.0 0.0 0.8 0.0 0.6 0.6 0.7 0.8 0.9 0.8 1.0 1.0 0.0

D. urceolata Carter, 1864 0.3 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Pontigulasia incisa Rhumbler, 1896 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

●●●●Lesquereusiidae Ogden, 1979

Lesqueresia epistomium Penard, 1893 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0

L. spiralis Ehrenberg, 1840 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.5 0.0

Netzelia tuberculata (Wallich, 1864) 
Ogden, 1979 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.8 0.6

●●●●Heleoperidae Jung, 1942

Heleopera sphagni Leidy, 1874 1.0 0.5 1.0 0.6 1.0 0.8 0.4 0.2 0.9 0.0 0.9 0.5 0.0

●●●● Hyalospheniidae Schultze, 1877

Hyalosphenia elegans Leidy, 1879 1.0 0.8 1.0 0.8 1.0 0.6 1.0 1.0 0.9 1.0 1.0 0.3 0.1

H. papilio Leidy, 1879 1.0 1.0 1.0 0.6 1.0 1.0 0.9 0.8 1.0 0.2 1.0 1.0 0.3

●●●●Nebelidae Taranek, 1882

Nebela militaris Penard, 1902 1.0 0.8 0.8 0.6 0.4 0.0 1.0 0.8 0.4 1.0 0.3 0.0 0.0

N. tenella Penard, 1893 1.0 0.8 1.0 0.8 1.0 0.6 1.0 0.8 1.0 1.0 1.0 0.3 0.0

N. tincta Leidy, 1879 1.0 1.0 1.0 0.8 1.0 0.2 0.9 1.0 0.7 0.8 0.9 0.3 0.0

N. tincta major Deflandre, 1936 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.0

●●●●Phryganellidae Jung, 1942

Phryganella hemisphaerica Penard, 1902 0.0 0.0 0.6 0.2 0.4 1.0 0.0 0.0 0.3 0.0 0.1 1.0 0.0

●●●●Cryptodifflugiidae Jung, 1942

Cryptodifflugia compressa Penard, 1902 0.3 0.3 0.0 0.2 0.0 0.0 0.7 0.8 0.1 0.3 0.0 0.0 0.0

C. oviformis Penard, 1890 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RHIZARIA Cavalier-Smith, 2002

●Cercozoa Cavalier-Smith, 1998, emend. 
Adl et al., 2005

●●Silicofilosea Adl et al., 2005

●●●Euglyphida Copeland, 1956, emend. 
Cavalier-Smith, 1997

●●●●Euglyphidae Wallich, 1864

Assulina muscorum Greeff, 1888 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.0 0.7 1.0 0.9 0.5 0.0

A. seminulum Ehrenberg, 1848 1.0 1.0 1.0 1.0 1.0 0.0 1.0 1.0 0.6 1.0 1.0 0.2 0.0

Euglypha ciliata Ehrenberg, 1848 1.0 1.0 1.0 1.0 1.0 0.4 0.9 1.0 0.9 1.0 0.9 0.2 0.1

E. cristata Leidy, 1879 0.3 0.0 0.4 0.0 0.4 0.0 0.1 0.2 0.4 0.2 1.0 0.2 0.0

E. c. decora Jung, 1942 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E. filifera Penard, 1890 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0

E. laevis Perty, 1849 1.0 1.0 0.8 0.6 0.8 0.4 0.7 0.8 0.7 1.0 0.6 0.5 0.7

E. strigosa Leidy, 1878 0.0 0.0 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0

E. s. heterospina Wailes, 1912 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Placocysta lens Penard, 1899 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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structure  in the community, average Pianka similar-
ity index was calculated between all pairs of samples 
separately for each scale. To reveal  the level of spe-
cies connectedness  at different scales, we computed
average Pianka similarity index between all species 
pairs according to their spatial distribution.

Investigation of vertical structure. For commu-
nity ordination and classification we used  the prin-
cipal component analysis of relative abundance data,  
which allows one to take into account only struc-
tural differences, and the hierarchical cluster analy-
sis, which is based on the average distance between 
all members in two groups with the Morisita as a 
similarity measure. Principal component analysis 
for species abundance data transformed to average 
(which allows one to consider only trends of chang-
ing species abundance in different sphagnum zones)
was performed for revealing species groups with a 
similar character of vertical distribution. To compare 
integral parameters of local communities, we applied 
Mann-Whitney test with Bonferroni correction.

Investigation of seasonal dynamics. Ordination 
of local community variants by means of corre-
spondence analysis of data  on relative species abun-
dance (which allows one to take into account only 
the structural aspect of community differences) was
used for description of species structure changes. 
Indices of significance of temporal gradient presence
(P), degree of structural heterogeneity of seasonal 
changes of species structure (S), degree of gradient of 
seasonal changes of species structure (B), degree of 
discreteness of seasonal changes of species structure 
(D1/D2), which characterize structure of similarity 
matrices ordered along time gradient (Pielou, 1983; 
Azovsky, 1993), were calculated for description of 
the seasonal changes of community structure.  The
methods of calculating these indices  are described in 

more detail in the Results section, alongside with the 
corresponding data, and in works of Pielou (1983) 
and Azovsky (1993).

Statistical analysis was carried out using software
package PAST1.18 (Hammer et al., 2001), ECOS 1.3 
(Azovsky, 1993) and STATISTICA 5.5A (StatSoft,
1999). In the present paper the system of eukaryotes 
offered by the international committee (Adl et al.,
2005) is accepted. 

Results

Species composition and distribution of 
testate amoebae

The microscopic analysis of 46 samples (the first
kind of samples from detritus and subsoil water) from 
the bog investigated revealed 63 testate amoebae taxa 
(species, varieties and forms), belonging to 21 genera 
and 13 families (Table 2). The highest species diver-
sity was in the genera Arcella (14 species), Difflugia 
(8), Euglypha (7), Centropyxis (6). The most common
species were Centropyxis aculeata (occurred in 80% 
of samples), Hyalosphenia elegans (78%), Trinema 
lineare (76%), Nebela tenella (74%), Hyalosphenia 
papilio (74%), Difflugia parva (74%), Euglypha laevis 
(72%) and Assulina muscorum (70%).

The average number of taxa per sample varied
from 8 to 24 species,  detritus samples contained on 
the average fewer species (Fig. 3) than sphagnum 
ones (the differences are statistically significant,
Mann-Whitney test with Bonferroni correction; P 
< 0.05). The maximal number of species revealed
during the vegetation season was  at the station 6 
(39 species). The species richness on other stations
varied from 24 to 29 species (Fig. 4).  The margin of

Sphenoderia fissirostris Penard, 1890 0.3 0.0 0.0 0.0 0.4 0.0 0.7 0.3 0.6 1.0 0.9 0.0 0.0

●●●● Trinematidae Hoogenraad et de 
Groot, 1940

Corythion dubium Taranek, 1881 0.0 0.5 0.0 0.2 0.0 0.6 0.4 0.7 0.0 0.2 0.0 0.2 0.7

Trinema complanatum Penard, 1890 0.8 0.3 0.2 0.2 0.0 0.2 0.9 0.8 0.3 0.8 0.7 0.2 0.7

T. c. irregularis Decloitre, 1969 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0

T. enchelys (Ehrenberg, 1838) Leidy, 1878 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0

T. lineare Penard, 1890 0.3 0.5 0.2 0.4 0.4 0.0 0.9 0.8 0.6 1.0 0.7 0.5 0.9

T. penardi Thomas et Chardez, 1958 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

●●Incertae sedis Cercozoa: 
Amphitremidae Poche, 1913

Archerella flavum Archer, 1877 0.5 0.5 1.0 0.2 0.8 0.4 0.3 0.5 0.9 0.0 0.6 0.0 0.0
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the quagmire seems to be, to a certain extent,  an 
ecotone including both detritophilous and sphag-
nophilous species.

In fact, the classification of testate amoebae as-
semblages based on species composition indicates 
the presence of three community variants: sphag-
nophilous assemblage (forming at stations 1–5), de-
tritophilous assemblage (station 7) and transitional 
assemblage (station 6) (Fig. 5). It is interesting that 

the same procedure  based on species abundance 
(Fig. 6)  showed, besides the above-mentioned results, 
some differences among sphagnophilous communi-
ties. On the one hand,  there were assemblages form-
ing at the centre of the bog and in the middle zone  in 
hummocks (stations 1, 2 and 4), on the other hand,  
there were assemblages forming  at the periphery of 
the quagmire and in the middle zone  in the hollow 
(stations 3 and 5).

Reliability of distinctions between the four dis-
tinguished variants of communities was estimated 
with the aid of the discriminant analysis (Table 3).  
Significant distinctions are  noted only between sta-
tion 7 and all the others. All other variants represent, 
as a matter of fact,  a single community type.

PCA confirmed the classification revealed by the
cluster analysis (Fig. 7). It was found that 70% of the 
total community variance was determined by differ-
ences  between pair communities forming  at stations 
6 and 7 and the communities  at other stations. Along 

Fig. 3. The mean number of taxa per sample  at different
stations. Whiskers are error of mean.

Fig. 4. Total number of species revealed  at different sta-
tions.

Fig. 5. Results of cluster analysis based on species composi-
tion.

Fig. 6. Results of cluster analysis based on species abun-
dance.

Table 3. The results of discriminant analysis  
(Squared Mahalanobis Distances)  

of community variants distinguished  
by cluster analysis. * – P<0.05

Community variants 
distinguished by cluster 
analysis

Station 
7

Station 
6

Stations 3 
and 5

Station 6 0.15*

Stations 3 and 5 0.17* 0.00

Stations 1, 2 and 4 0.16* 0.00 0.00

• Yuri A. Mazei and Andrei N. Tsyganov



167Protistology •

the second PCA-axis (which accounted for only 11% 
of variance), communities of moist sphagnum (sta-
tions 3 and 5), communities of dry sphagnum (sta-
tions 1, 2 and 4) and communities influenced by
drain (stations 1 and 3) are distinguished.

 On the basis of  the PCA results (Fig. 7) it is pos-
sible to differentiate the following groups of species. 
Detritophilous group (occurs in assemblage of sward 
margin and bottom sediments of drain – stations 6 
and 7) is represented by Arcella gibbosa, A. vulgaris, 
A. hemisphaerica, A. discoides, A. intermedia, A. mi-
trata, Centropyxis aculeata sphagnicola, Cyclopyxis 
kahli, Difflugia glans, Lesquereusia spiralis, Netzelia
tuberculata, Phryganella hemisphaerica. Stenotopic 
sphagnophilous species (inhabiting typical sphag-
num biotopes only, stations 1–5) are Archerella fla-
vum, Euglypha cristata, Difflugia juzephiniensis, 

Cryptodifflugia compressa, Sphenoderia fissirostris, 
Nebela militaris. Eurytopic sphagnophilous spe-
cies (inhabiting both typical sphagnum biotope and 
quagmire margin, stations 1–6) are Nebela tenella, N. 
tincta, Euglypha ciliata, Bullinularia indica, Assulina 
seminulum, A. muscorum, Hyalosphenia elegans, 
Difflugia globulosa, D. parva, Centropyxis aculeata. 
Eurytopic species (occurring in all biotopes, sta-
tions 1–7) are Arcella arenaria, Euglypha laevis, 
Trigonopyxis arcula, Hyalosphenia papilio, Trinema 
complanatum.

PCA of species from sphagnum biotopes only 
(Fig. 8) revealed the following groups of species: (i) 
typical sphagnobiont species with high occurrence 
within the quagmire (Hyalosphenia elegans, H. pa-
pilio, Assulina muscorum, A. seminulum, Nebela 
tenella, N. tincta, Euglypha laevis, E. ciliata, Trinema 

Fig. 7. PCA-ordination scatterplot based on species abundance (all stations). PC 1 – first principal component accounting for
69.9% of the total community variance, PC 2 – second principal component accounting for 11.0 % of the total community vari-
ance.
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lineare, T. complanatum, Bullinularia indica, 
Centropyxis aculeata, Difflugia globulosa, D. parva), 
(ii) species characteristic of moist peripheral parts of 
the quagmire (Archerella flavum, Euglypha cristata,
Arcella artocrea pseudocatinus, Difflugia juzephini-
ensis, Heleopera sphagni), (iii) species characteristic  
of dry parts at the centre of the quagmire (Arcella 
arenaria, Cryptodifflugia compressa, Corythion du-
bium, Nebela militaris) and (iv) rare species. It is in-
teresting that only 14% of all the variance in the com-
munity composition  was  associated with differences
of communities from moist peripheral biotopes and 
from the dry central ones. More than 70% of vari-
ance resulted from  the features of distribution of 
the most frequently revealed species and rare species 
with accidental distribution within the bog. Thus,  on

the whole, the testate amoebae assemblage from typi-
cal sphagnum biotopes appears rather homogeneous 
on species composition.

The degree of heterogeneity of species composi-
tion  at the scale of the whole bog was unequal during 
the vegetation season. The maximal homogeneity of
the community was  noted during the moistest period 
in spring; the minimal one, during the driest period 
in August (Fig. 9).  The following patterns of species
composition were revealed. In May communities of 
dry habitats (stations 1, 2 and 4) were most similar 
among themselves and in moist biotopes three differ-
ent variants of communities formed (Fig. 10, A). In 
August (Fig. 10, B), communities of the bog margin 
(stations 6 and 7) had clear-cut distinctions,  com-
munities from sphagnum hummock (stations 2 and 

Fig. 8. PCA-ordination scatterplot based on species abundance (only sphagnum stations 1–5). PC 1 – first principal component
accounting for 77.2 % of the total community variance, PC 2 – second principal component accounting for 14.0 % of the total 
community variance.
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4) were different but less  than the first ones, while
communities from moist biotopes (station 1, 3 and 
5) were similar. Thus, in moist period in dry habitats
(hummocks) common community formed, whereas 

in moist biotopes some differences in species compo-
sition were  present. On the contrary, in dry period 
the communities from the moist habitat were char-
acterized by common species composition, while in 
dry biotopes it was specific.

Mesoscale horizontal distribution

The microscopic analysis of 134 samples (the sec-
ond kind of samples from sphagnum stems) from 
the biotopes investigated revealed 55 testate amoebae 
taxa (species, varieties and forms),  though only 46 
taxa were alive at the moment of sampling.

Total diversity of community. Twelve species 
were structure-formative, with abundance more 
than 2% at least at one station on the average for a 
season (Table 4). The ordination of local commu-
nity variants forming  at different stations (Fig. 11)
revealed that 55% of the total community structure 
variance  was accounted for by differences of assem-
blages from hummocks (stations 2 and 4) and the 
other assemblages. Factor scores along 1 PC are posi-
tively correlated with the depth of water table (DWT) 
(Spearman correlation coefficient, P<0.1). The corre-
lation is  prominent if we use for calculation minimal 
DWT values at a station for season than  if we use av-
erage or maximal ones. The second PC (accounting
for 24% of the total community structure variance) 
resulted from differences of assemblage from the
edge of the quagmire (station 6) and corresponded to 
pH of the samples (Spearman correlation coefficient,
P<0.1). The third PC related to 17% of the total vari-
ance in the testate amoebae data and reflected differ-
ences of assemblages forming at hummock stations 
2 and 4.

Basing on the data from Table 4 and the results 
of ordination (Fig. 11) it is possible to distinguish 
three types of testate amoebae communities within 
the sphagnum quagmire: (i) xerophilous assemblage 
Assulina muscorum–A. seminulum–Cryptodifflugia 
compressa; (ii) hygrophilous assemblage Hyalosphenia 
papilio–H. elegans–Heleopera sphagni–Nebela tenel-
la; and (iii) hydrophilous assemblage Cyclopyxis 
eurystoma–Phryganella hemisphaerica–Heleopera 
sphagni–Hyalosphenia papilio.

The ordination of species abundance data trans-
formed on average (which allows one to consider 
only trends of changing of abundances and not 
their absolute value) revealed that more than 60% 
of differences of total variance was accounted for
by the features of distribution of hydrophilous spe-
cies on the one hand (Arcella gibbosa, A. arenaria, 
A. intermedia, Cyclopyxis eurystoma, Phryganella 
hemisphaerica) and xero- and hygrophilous species 

Fig. 9. Temporal change  in community spatial homogene-
ity (average Sørensen similarity index for all pairs of com-
munity variants). 

Fig. 10. Community classification based on the
species composition in the moistest month May 
(A) and in the driest month August (B). 1–7 – sta-
tions.
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on the other hand. More than 20% of the total vari-
ance related to distribution of xerophilous species 
(Cryptodifflugia compressa, Centropyxis aerophila
sphagnicola) and hygrophilous species (Heleopera 
sphagni, Hyalosphenia papilio, H. elegans, Nebela 
tenella, N. tincta, Euglypha ciliata, Centropyxis acu-
leata, Archerella flavum).  Ten percent of the total 
variance was caused by the domination  of different
xerophilous species in various hummocks.

Thus, testate amoebae communities  in moist
sphagnum biotopes were quite homogenous, while 
in dry habitats (hummock) they were more differ-

entiated. The most specific assemblage formed at the
edge of the sphagnum quagmire.

The maximal number of testate amoebae taxa  per
season was revealed in submerged sphagnum from 
station 6, while the minimal one was in hummocks 
from stations 2 and 4 (Table 4).  The mean number
of taxa per sample in communities within moist 
biotopes (stations 1, 3, 5 and 6) was approximately 
at the same level. It is an evidence of great seasonal 
variability of species composition in the assemblage 
at the edge of the sphagnum quagmire. Abundance 
of testate amoebae was higher in moist biotopes (sta-

Table 4. Relative abundance (%) of dominant species of testate amoebae from sphagnum stems and integral community 
parameters (total diversity). Relative abundances higher than 10% are in bold

Species
Stations

1 2 3 4 5 6

Arcella arenaria 0.2 0.0 0.1 0.0 0.0 6.4

A. gibbosa 0.0 0.0 0.0 0.0 0.0 2.0

A. intermedia 0.0 0.0 0.0 0.0 0.0 4.7

Archerella flavum 1.7 5.8 1.8 0.0 2.8 1.4

Assulina muscorum 3.6 9.8 2.5 33.8 4.9 1.1

A. seminulum 9.1 7.9 2.2 17.8 3.7 0.0

Bullinularia indica 0.5 1.4 0.2 4.9 0.1 0.0

Centropyxis aerophila sphagnicola 0.0 0.1 0.0 2.6 0.0 0.2

C. aculeata 0.2 0.2 0.6 0.8 0.3 0.9

Cryptodifflugia compressa 0.2 27.0 0.0 4.6 0.0 0.0

Cyclopyxis eurystoma 0.0 0.7 0.3 1.6 0.7 17.6

Euglypha ciliata 6.1 4.4 5.4 8.4 3.9 0.1

E. laevis 0.4 3.9 0.3 0.2 0.5 0.1

Heleopera sphagni 12.4 0.2 22.2 0.3 18.8 26.0

Hyalosphenia elegans 19.1 11.4 8.9 4.3 12.8 0.1

H. papilio 10.2 5.9 21.9 0.2 22.1 20.8

Nebela militaris 0.9 0.4 0.2 2.4 0.3 0.0

N. tenella 23.7 11.2 19.2 11.6 20.7 0.1

N. tincta 7.1 4.9 6.0 2.2 2.6 0.1

Phryganella acropodia 0.0 0.0 0.1 0.0 0.1 10.6

Total species number 29 25 28 22 27 37

Average species number per sample 20.3±1.0 14.3±1.5 18.6±0.5 11.6±1.4 17.6±1.3 20.0±2.7

Average abundance per sample, 
thousand individuals per gram 59.7±11.0 14.9±4.0 105.4±18.8 7.2±1.5 62.6±4.8 25.3±13.8

Average Shannon–Wiever diversity 
index per sample 1.91±0.13 1.81±0.17 1.92±0.13 1.66±0.15 1.88±0.20 1.97±0.12

Average Pielou evenness measure per 
sample 0.63±0.04 0.69±0.07 0.66±0.05 0.68±0.04 0.66±0.04 0.67±0.05

• Yuri A. Mazei and Andrei N. Tsyganov



171Protistology •

tions 1, 3, 5 and 6) than in hummocks (stations 2 and 
4). It is interesting that evenness and species diversity  
were  the same  at different stations.

Active diversity of community.  If we take into 
account only live individuals, 16 species were struc-
ture-formative (Table 5). The  share of live organisms
was minimal in dry biotopes (22–27 %), while in 
moist habitats it was noticeably higher and reached 
36–46% (Table 5).

The ordination of local community variants  at
different stations with the use of  active diversity re-
vealed the same types of communities  as those ob-
tained by total diversity analysis (Fig. 12). However, 
more than 60% of the total community structure 
variance was caused by differences  between the com-
munity forming at the edge of the sphagnum quag-
mire (station 6)  and the communities at sphagnum 

lawn (stations 1, 3, 5) and hummocks (stations 2, 4). 
Factor scores along 1 PC are positively correlated 
with DWT (Spearman correlation coefficient, P<0.1).
The second PC (accounting for 30% of the total com-
munity structure variance) resulted from differences
of the sphagnum lawn assemblages from the others. 
The third PC related to 15% of the total community
variance in the testate amoebae data and reflected dif-
ferences  between assemblages forming at hummock 
stations 2 and 4.

Basing on the data from Table 2 and ordina-
tion results (Fig. 13), it is possible to differentiate
the following types of sphagnum testate amoe-
bae communities: (i) xerophilous assemblage with 
two variants a) Assulina muscorum–A. seminulum 
and b) Cryptodifflugia compressa; (ii) hygrophil-
ous assemblage Heleopera sphagni–Nebela tenella–

Fig. 11. PCA-ordination diagram for communities based on relative species abundance (total diversity). 1 PC – 55.7%, 2 PC – 
24.2%, 3PC – 16.7%.
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Hyalosphenia papilio–H. elegans; and (iii) hydrophil-
ous assemblage Cyclopyxis eurystoma–Hyalosphenia 
papilio–Phryganella hemisphaerica.

Ordination of abundance data of live organisms 
transformed on average (allowing one to consider 
only trends of changing of abundances and not their 
absolute value) gave the same results (Fig. 14) as in 
the case of total diversity (Fig. 12).

Distribution of integral community parameters, 
calculated  from the active diversity, revealed some 
differences with those obtained  from total diversity.
Minimal species number  per season was revealed in 
lawn (station 1) and in hummock (station 4). Maximal 
species diversity estimated by Shannon-Weaver di-
versity index was measured at the edge of the quag-
mire (station 6) and in hummock (station 4). Trends 

of abundance changing remained as in the case  of 
total diversity.

Microscale horizontal  
distribution

General characteristics of testate amoebae com-
munity. A total of 13 testate amoebae species were 
identified in the course of investigation of microscale
testate amoebae distribution within the macroscopi-
cally homogeneous Sphagnum angustifolium carpet 
(Table 6).  At all stations Heleopera petricola domi-
nated in the community, with Hyalosphenia papilio  
being subdominant.  Other species were rare.  Species 
abundance distribution was described by a geometri-
cal model. It means that species diverged  significant-

Table 5. Relative abundances (%) of dominant species of testate amoebae from sphagnum stems and integral community 
parameters (active divesity). Relative abundances higher than 10% are in bold

Species
Stations

1 2 3 4 5 6

Arcella arenaria 0.1 0.0 0.2 0.0 0.0 5.7

A. intermedia 0.0 0.0 0.1 0.0 0.0 5.3

Archerella flavum 1.2 2.2 0.3 0.0 3.3 2.2

Assulina muscorum 0.8 3.1 0.6 18.2 1.5 0.7

A. seminulum 5.9 5.8 0.6 15.5 1.8 0.0

Centropyxis aerophila sphagnicola 0.0 0.1 0.0 3.3 0.0 0.2

Cryptodifflugia compressa 0.0 34.1 0.0 2.6 0.0 0.0

Cyclopyxis eurystoma 0.0 0.2 0.1 1.8 0.1 16.6

Euglypha ciliata 3.3 2.7 1.7 10.2 2.2 0.0

Heleopera sphagni 18.8 2.1 21.6 1.1 26.6 3.8

Hyalosphenia elegans 18.1 12.3 8.6 6.5 13.2 0.1

H. papilio 12.5 3.1 18.4 0.0 22.8 44.8

Nebela tenella 28.2 21.3 33.8 28.3 23.1 0.2

N. tincta 5.9 6.3 6.3 4.1 2.4 0.1

Phryganella acropodia 0.0 0.0 0.0 0.0 0.0 8.6

Trigonopyxis arcula 0.2 1.0 0.1 3.3 0.2 0.0

Share of live organisms, % 46.3±18.9 27.1±11.1 36.5±14.9 22.2±9.1 38.0±15.5 38.2±15.6

Total species number 18 22 24 18 25 29

Average species number per sample 13.8±0.8 12.5±1.3 15.0±1.1 8.2±0.7 14.2±0.7 13.0±1.4

Average abundance per sample, thousand 
individuals per gram 29.1±7.5 4.8±1.7 36.2±6.8 1.8±0.6 24.3±6.1 9.9±5.6

Average Shannon-Wiever diversity index per 
sample 1.37±0.14 1.54±0.26 1.55±0.14 1.71±0.04 1.45±0.14 1.74±0.17

Average Pielou evenness measure per sample 0.59±0.04 0.61±0.09 0.58±0.05 0.82±0.04 0.55±0.05 0.69±0.05
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ly for one or more niche parameters, which decreased 
competition for resources in the local community 
(Burkovsky, 1992). Thus, the community analyzed
at the sample scale (a single Sphagnum stem) could 
be considered as minimal, and the sample size as a 
minimum-areal of the community (Bobrov, 2003b).

Analysis of species aggregations. Calculation 
of the aggregation index (Table 6) showed that 
the dominant species (Heleopera petricola  and 
Hyalosphenia papilio) formed a feebly marked ag-
glomeration. Degree of aggregation was quite low 
(Casy index  did not exceed 1.0). On the whole, the 
aggregation index  of different species  did not exceed
3.3 (on the average, 0.92). All these facts point to an 
unvarying community structure  at the scale inves-
tigated, corresponding to the physical homogeneity 
of the territory.  Some species with low abundance 
had random distribution  at some scale (Euglypha 
ciliata and Bullinularia indica  at a scale of 192 cm, 

Hyalosphenia elegans  at the scale of 3 and 9 cm). For 
some rare species regular distribution was noted (E. 
ciliata  at a scale 9 cm, B. indica  at a scale 1 cm, H. 
elegans  at a scale 1 cm  and 81 cm). Distribution of 
Nebela tenella was the most aggregated, whereas  that 
of Hyalosphenia elegans was close to random.

Spatial distribution patterns changed according 
to the investigation scale. Observing  changes  in ag-
gregation index for separate species with increasing  
scale, it is possible to estimate the size and intensity 
of the corresponding agglomerations (Fig. 15).  Their
size appears to be species-specific.  For instance, for
two dominate species the opposite dynamic was re-
vealed (Fig. 15). Distribution of H. petricola  at a scale 
up to 81 cm was close to random, but  at a maximal 
scale it became aggregated; the situation was vice ver-
sa for subdominant H. papilio. The opposite tenden-
cies were also noted  for the two congeners Assulina 
muscorum and A. seminulum.  At the same time, these 

Fig. 12. PCA-ordination diagram for species, data transformed on average species abundance (total diversity). 1 PC – 62.2 %, 2 
PC – 21.4 %, 3 PC – 10.7 %. 
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species, like some others, formed agglomerations of 
different size: A. muscorum  at a scale of 1 cm and 81 
cm, A. seminulum, 9 cm  and 192 cm. It is interesting 
that the size of agglomerations of these species cor-
related positively  with shell size:  the smaller species 
A. muscorum (shell length 35–55 µm)  had smaller 
agglomerations than the bigger species A. seminulum 
(shell length 70–95 µm).

On the average, in most species the aggregation 
level of distribution  grew with increasing of the 
investigation scale (Fig. 16).  At the same time, dis-
persion of species’ aggregation level in the commu-
nity   was maximal at the maximal scale (Fig. 17). In 
other words, the community  at the maximal scale is 
formed by species with different level of patchiness.
Minimal dispersion of aggregation level of different
species was registered  at the middle scale (27 cm).

Changes of integral community characteristics. 

Heterogeneity of testate amoebae populations was re-
vealed not only  at the species level but also  at the level of 
integral community parameters. So, the average species 
number in the community and the degree of its variabil-
ity changed according to the investigation scales (Fig. 18).  
The species number, however, changed slightly. It is well
known that the number of species revealed increases 
with  increasing investigation area (Hillebrandt et al., 
2001). Hence we could expect  a greater species number  
at a scale of 192 cm  than at a smaller one.  However, 
no distinctions in species number  at different investiga-
tions scales were revealed.  At each investigation scale, 
10–12 species were identified .

The average similarity of spatial distribution of
species remained the same  at different scales (Fig. 19).
Average Pianka similarity index changed slightly, de-
creasing a little at a greater scale,  but all the differenc-
es were not significant. Maximal homogeneity of the

Fig. 13. PCA-ordination diagram for communities based on relative species abundance (active diversity). 1 PC – 52.9%, 2 PC – 
29.4%, 3PC – 14.9%.
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Fig. 14. PCA-ordination diagram for species, data transformed on average species abundance (active diversity). 1 PC – 64.7 %, 2 
PC – 19.0 %, 3 PC – 9.9 %. 

Table 6. Species composition, relative species abundances (%) and  
character of microspatial distribution of species in community

Species % Average for all scales Casy 
aggregation index

Variation coefficient for Casy
index, %

Arcella arenaria sphagnicola 0.19 1.56 69.7

Arcella artocrea 0.38 1.48 68.9

Assulina muscorum 1.24 0.79 49.0

A. seminulum 1.37 0.68 55.7

Bullinularia indica 0.06 0.24 258.2

Euglypha ciliata 0.55 0.75 140.9

E. laevis 0.02 - -

Heleopera petricola 86.46 0.37 65.6

Hyalosphenia elegans 0.07 0.05 1809.4

H. papilio 9.51 0.68 36.4

Nebela tenella 0.15 2.48 37.3

N. tincta 0.01 - -

Zivkovicia compressa 0.002 - -
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Fig. 15. Change  in Casy aggregation index with increasing distance between samples for dominant species. Whiskers are error 
of mean.

Fig. 17. Change  in variation coefficient of Casy aggregation
index for different species with increasing  distance between
samples.

Fig. 16. Change  in average Casy aggregation index for all spe-
cies with increasing  distance between samples. Whiskers are 
error of mean.

Fig. 18. Change  in average organisms’ density  at various in-
vestigation scales. Whiskers are error of mean.

Fig. 19. Change  in average Pianka similarity index between 
all pairs of species  based on their distribution according to 
investigation scales. Whiskers are error of mean.
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community species structure was  noted at a scale of 9 
cm and decreased  at the maximal scale (Fig. 20).

Microscale vertical distribution

Changes in species structure of alive  amoebae.  
On the basis of the species structure, three commu-
nity variants  were distinguished  in the moistest 
biotope (submerged Sphagnum riparium at station 6) 
(Fig. 21). More than 80% of the total variance in the 
testate amoebae data  was associated with differences
between the lowest zone (15–35 cm with domina-
tion of Arcella intermedia, A. gibbosa, A. hemi-
sphaerica)  and the upper ones. A little more than 
10% of the total community structure variance is ac-
counted for by variations in the structure of upper 
layers. Hyalosphenia papilio and Phryganella hemi-
sphaerica dominated in the top 0–3 cm, H. papilio  
and Cyclopyxis eurystoma  at a depth of 3–6 cm, H. 
papilio, C. eurystoma, Hyalosphenia elegans at 6–15 
cm. Ordination of the abundance data transformed 
on average for live organisms (allowing one to con-
sider only trends of changing of abundances  and not 
their absolute value) gave the same results (Fig. 22). 
In spite of the fact that most species occurred  at all 
levels, they had more or less  pronounced prefer-
ences.  For instance, Ph. hemisphaerica preferred the 
upper three centimeters of sphagnum, A. gibbosa, A. 
intermedia, A. megastoma the lower 15–35 cm, and 
H. sphagni 6–15 cm down the sphagnum plant.

In the community at station 5 located in flat sphag-
num quagmire with domination of Sphagnum mag-
ellanicum and S. palustre, four variants were found 
(Fig. 23). More than 80% of the total community 
structure variance resulted from differences  between
the upper zone (0–3 cm, dominant complex contained 
Hyalosphenia papilio and Heleopera sphagni)  and 

the underlying zones. H. sphagni, H. elegans, Nebela 
tenella dominated at 3–6 cm, N. tenella and H. elegans 
at 6–20 cm, N. tenella and Difflugia juzephiniensis at 
20–30 cm. The results of species ordination (Fig. 24)
indicate that Archerella flavum, H. papilio, H. sphagni 
prefer the upper layer, D. juzephiniensis, the deepest 
part, H. elegans and N. tincta, section 3–20 cm, and 
N. tenella, 6–30 cm below the surface.

In the community at station 3 located in Sphagnum 
palustre lawn in the middle of the bog three variants are 
revealed (Fig. 25).  The community of the upper zone
(0–3 cm), with domination of H. sphagni and H. papilio, 
differed from the underlying one (3–6 cm), where H. 
papilio and N. tenella prevailed. In the lower layer (6–
20 cm) N. tenella dominated (over 50% of total abun-
dance). The results of species ordination (Fig. 26) show
the presence of well-defined preferences of  the  domi-
nant species to certain layers. H. sphagni was strongly  
associated with 0–3 cm, H. papilio with 0–6 cm, N. tinc-
ta and H. elegans with 6–9 cm, N. tenella with 6–20 cm, 
D. juzephiniensis with 12–20 cm horizon.

In the community at station 1 located  in the cen-
tre part of the bog in Sphagnum palustre lawn, three 
variants  were found (Fig. 27). H. sphagni and H. pa-
pilio dominated  in the 0–3 cm zone, H. elegans and 
N. tenella  in 3–9 cm, N. tenella in  9–20 cm zone. The
results of species ordination (Fig. 28) evidence that  
H. papilio and H. sphagni prefer the upper 0–3 cm, N. 
tincta the 6–12 cm layer and N. tenella the 9–20 cm 
layer.

In the community at station 4 (hummock formed 
by Sphagnum papillosum) two variants could be dis-
tinguished (Fig. 29). One of them was confined to
the upper 0–9 cm horizon, where Assulina musco-
rum and A. seminulum dominated.  The other was 
confined to the lower 9–20 cm level with domination
of N. tenella. Besides these local communities, there 
was a transitional one with a specific complex of
subdominant species (N. tincta, Bullinularia indica, 
Centropyxis aerophila sphagnicola, Cyclopyxis eurys-
toma)  in the 3–6 cm and 6–9 cm zones. The results
of species ordination (Fig. 30) indicate that A. musco-
rum and A. seminulum prefer the 0–9 cm zone, C. eu-
rystoma 3–6 cm, B. indica  and C. a. sphagnicola 6–9 
cm, N. tenella, H. elegans, E. ciliata 9–20 cm zone.

In the hummock community  formed by Sphagnum 
angustifolium and Polytrichum strictum (station 2) 
three variants  were revealed (Fig. 31). In the top 0–3 
cm H. papilio, Archerella flavum, Euglypha laevis 
dominated. In the lower part Cryptodifflugia com-
pressa prevailed, and in 6–9 cm H. elegans joined  it. 
The results of species ordination (Fig. 32) show that
H. papilio, A. flavum, E. laevis, H. sphagni prefer the 
top 0–3 cm, N. tincta, E. ciliata, A. seminulum 3–6 

Fig. 20. Change  in average Pianka similarity index between 
all pairs of local communities (homogeneity of community 
structure) according to investigation scale. Whiskers are er-
ror of mean.
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Fig. 21. Results of community classification and ordination by cluster and principal component analyses (PCA) based on rela-
tive abundance of dominant species (more than 5% of total abundance at least at one horizon). 1 PC – 82.5 %, 2 PC – 11.3 %. 
Station 6.
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cm, H. elegans 6–9 cm, N. tenella and C. compressa 
9–20 cm below the surface.

Changes in integral community parameters. 
Integral community parameters changed along the 
vertical gradient in the sphagnum carpet (Fig. 33). 
In the upper zones species number and species di-
versity were lower, but the abundance of organisms 
was higher  than in the others. However, only the dif-
ferences between species number and species diver-
sity at 0–3 cm and 6–20 cm layers were significant
(Mann-Whitney test).

Ratio live organisms to empty tests changed with 
depth (Fig. 33). In the upper zone  the share of live 
organisms was much higher  than in the lower one.  
In the moistest biotopes (stations 1, 3, 5 and 6)  the 
share of live organisms in the top layer was 65–75%, 
whereas in dry hummocks (stations 2 and 4) it was 
30–40%.

 The degree of total heterogeneity varied in com-

munities at different stations (Fig. 34). The most het-
erogeneous communities in terms of vertical struc-
ture are formed in dry conditions, but the differences
were not significant in all the cases. It is interesting
that the degree of heterogeneity of local communi-
ties forming  under various conditions (different
stations) within the bog was more different in com-
parison  with those in various vertical zones (Fig. 35).  
The community was the most homogenous  when the
upper and the low horizons were compared, and each 
variant was the most specific  when the middle layers
(3–9 cm) were compared. However, the differences
were not statistically significant in this case, too.

Seasonal dynamics

Seasonal changes  in environmental variables. 
During the study period the temperature and acid-
ity changed cyclically (maximal values  in July and 

Fig. 22. PCA-ordination diagram for dominant species based on data transformed on average species abundance. 1 PC – 72.0%, 
2 PC – 19.2%. Station 6.
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Fig. 23. Results of community classification and ordination by cluster and principal component analyses (PCA) based on relative
abundance of dominant species. 1 PC – 85.5 %, 2 PC – 11.8 %. Station 5.
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August) and the redox-potential and electro-con-
ductivity had directional changes (Fig. 36). Redox-
potential (Eh)  decreased towards the end of season, 
while electro-conductivity grew at the same time, 
which might  have been caused by accumulation of 
mineral ions and organic matter.  The depth to water
table remained at  the same level, with the exception 
of stations 2 and 4  (hummocks), where this param-
eter was minimal at the end of summer.

Changes  in integral community parameters 
during the  study season. Species number increased 
during the vegetation season, while species diversity 
and evenness remained at the same level with insig-
nificant fluctuations (Fig. 37). Changes in the aver-
age organisms’ abundance in the community  at all 
stations  did not show any directional tendencies, 
but  had fluctuations (Fig. 38). Analyses of seasonal 
changes  in species abundance in the communities  

at different stations revealed three types of dynam-
ics (Fig. 38), which  were not associated with the 
community type (community of hydro-, hygro- and 
xerophilous species).  The first type (stations 2 and 3)
was characterized by low values of species abundance 
in May–June and high values in July–September. The
second type was distinguished by high numbers in 
the beginning of the season (May–June at stations 1, 
5 and May at station 6).  The third type was defined
by the absence of clear tendencies in abundance dy-
namics at station 4.

Spatial differentiation of the community  at the
scale of the bog also changed during  the season.  The
average value of similarity index between all pairs of 
local communities can give a general idea about  the 
heterogeneity level (Fig. 39).  Heterogeneity remained 
at the same level during all the season. The least value
of heterogeneity was marked in August when tem-

Fig. 24. PCA-ordination diagram for dominant species based on data transformed on average species abundance. 1 PC – 68.8%, 
2 PC – 24.8%. Station 5.
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Fig. 25. Results of community classification and ordination by cluster and principal component analyses (PCA) based on relative
abundance of dominant species. 1 PC – 87.1 %, 2 PC – 9.8 %. Station 3.
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perature was maximal and moisture was minimal. 
The highest heterogeneity value was in September. 
However, all distinctions were statistically insignifi-
cant.

Correspondence analyses revealed the following  
features of community heterogeneity  at the scale of 
the whole bog in different months (Fig. 40). In May
the most specific structure was formed in hummocks
(Assulina muscorum dominated at station 4 and 
Heleopera sphagni at station 2), while Hyalosphenia 
papilio prevailed at all other stations. In June four 
structural variants of communities formed: A. mus-
corum, Euglypha ciliata, Nebela tenella dominated at 
station 4, Nebela tincta at station 2, H. papilio, Arcella 
arenaria, Archerella flavum at station 6, H. sphagni 
and H. papilio at stations 1, 3, and 5. In July and 
August  an identical situation was recorded, commu-
nities were revealed at station 6 (with the characteris-

tic species complex of Phryganella hemisphaerica and 
Arcella intermedia), at station 4 (Assulina seminulum 
and A. muscorum were leaders) and at station 1, 2, 
3 и 5 (with species N. tenella, N. tincta, H. sphagni, 
Hyalosphenia elegans). In September the dominant 
species were Arcella arenaria, Centropyxis aculeata, 
C. platystoma at station 6, Cryptodifflugia compressa 
at station 2, C. compressa, A. muscorum, A. seminu-
lum, Trigonopyxis arcula at station 4, N. tenella, H. 
sphagni, H. elegans at station 1, 3 and 5.

Changes  in species structure of community 
during  the season studied  at different stations. 
Seasonal changes in testate amoebae community at 
different stations had some particular characteris-
tics. Integral community parameters are represented 
in Table 7. The presence of directional changes  in
community structure was  noted at stations located 
at the edge of Sphagnum sward only (stations 5 and 

Fig. 26. PCA-ordination diagram for dominant species based on data transformed on average species abundance. 1 PC – 65.0%, 
2 PC – 27.0%. Station 3.
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Fig. 27. Results of community classification and ordination by cluster and principal component analyses (PCA) based on relative
abundance of dominant species. 1 PC – 87.6 %, 2 PC – 10.8 %. Station 1.
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6). Total value of seasonal changes (the degree of 
structural heterogeneity of community S) could be 
estimated as the average Pianka similarity index be-
tween all pairs of seasonal states of community.  The

less this parameter, the higher structural heterogene-
ity of seasonal changes. It turned out that heteroge-
neity level was  almost equal in communities at all 
stations (with the exception of station 2, where it was 

Fig. 28. PCA-ordination diagram for dominant species based on data transformed on average species abundance. 1 PC – 88.0 %, 
2 PC – 8.1 %. Station 1.

Table 7. Integral parameters of seasonal changes in species structure in communities  at different stations

Parameter
Station

1 2 3 4 5 6

P 0.50 0.24 0.12 0.07 0.01 0.01

S 0.57 0.14 0.63 0.51 0.49 0.45

B -0.35 -0.49 -0.42 -0.50 -0.83 -0.51

D1/D2 1.58 1.74 1.23 0.18 0.55 1.49

P – reliability of presence of gradient of seasonal changes in species structure, S – degree of structural heterogeneity of 
seasonal changes in species structure, B – degree of gradient of seasonal changes in species structure, D1/D2 – degree 
of discreteness of seasonal changes in species structure. Explanations in text.
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Fig. 29. Results of community classification and ordination by cluster and principal component analyses (PCA) based on relative
abundance of dominant species. 1 PC – 86.2 %, 2 PC – 9.6 %. Station 4.
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maximal). Changes  in community structure in time 
could be divided into two components.  The first is
the heterogeneity  associated with the background 
patchiness of species distribution (average differ-
ences between contiguous seasonal states of com-
munities).  The second one is the heterogeneity re-
vealed in directed changes in community structure.  
The greater the contribution of the last component,
the more different are the communities separated by
increasing time intervals.  The quantitative measure
of this component is the coefficient of linear regres-
sion “similarity index vs. distance between samples” 
taken with the opposite sign. This value (degree of
gradient) shows how much the similarity between 
seasonal states of community  decreases  with the 
increasing time interval between them.  Significant
directed seasonal changes were  noted at  station 5 
and  an unimportant one in the community at sta-
tion 1. The maximal level of gradient in the commu-

nity at station 5 indicated that the species composi-
tion changed completely during  the study season. 
Seasonal changes in communities at other stations 
are more likely to reflect the fact of recombination
of constant species composition.  Finally, an impor-
tant indicator of seasonal changes' character is the 
measure of discreetness of changes. It could be esti-
mated by  comparing dispersion of similarity indices 
between contiguous seasonal states of the commu-
nity (D1) with the total dispersion of all the possible 
values of pairwise similarity (D2). Ratio D1/D2  close 
to zero indicates continuous transitions between 
community states, that close to one is a sign of pres-
ence of some positions which  are strongly  different
in species structure, and if this parameter is greater 
than 1 then succession consists of numerous states 
with distinct differences from each over. It turned
out that the most continuous changes were in the  
communities at stations 4 and 5. In the communities 

Fig. 30. PCA-ordination diagram for dominant species based on data transformed on average species abundance. 1 PC – 51.0%, 
2 PC – 34.9%. Station 4.
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Fig. 31. Results of community classification and ordination by cluster and principal component analyses (PCA) based on relative
abundance of dominant species. 1 PC – 71.9 %, 2 PC – 17.0 %. Station 2.
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at other stations a high level of seasonal changes  was 
revealed. 

The results of correspondence analyses of sea-
sonal variants of the community at different sta-
tions are represented in Fig. 41. In the hydrophilous 
community at station 6 (Fig. 41, A) nine species were 
structure-formative (i.e. formed more than 10% of 
the total abundance at least in one of the seasonal 
community states);  at the same time, from two to 
four species only dominated in each seasonal struc-
ture. H. papilio and Arcella catinus prevailed in May, 
H. papilio and Archerella flavum in June, Phryganella 
hemisphaerica and Arcella intermedia in July and 
August, Centropyxis platystoma, C. aculeata, Arcella 
gibbosa in September.

In the hygrophilous community at station 5 
(Fig. 41, B) only four species were structure-forma-
tive. H. papilio dominated in May, Heleopera sphagni 

and Hyalosphenia elegans in June and July, Nebela 
tenella in August and September.

In the hygrophilous community at station 3 
(Fig. 41, C) six species were structure-formative. H. 
papilio and Arcella catinus prevailed in May, H. pa-
pilio and H. sphagni in June, N. tincta, H. sphagni, N. 
tenella and H. elegans in the  other months.

In the hygrophilous community at station 1 
(Fig. 41, D) six species were structure-formative, too. 
H. sphagni, H. papilio and N. tincta dominated in 
June, N. tenella and Assulina seminulum in July and 
August, N. tenella and H. elegans in September. 

In the xerophilous community at station 4 (Fig. 41, 
E) ten species were structure-formative. N. tenella, 
Assulina muscorum, A. seminulum and Euglypha 
ciliata dominated during all season. Specific char-
acter of the seasonal states  was determined mainly  
by subdominants. C. eurystoma and N. tincta formed 

Fig. 32. PCA-ordination diagram for dominant species based on data transformed on average species abundance. 1 PC – 67.3%, 
2 PC – 25.8%. Station 2.
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subdominant complex in May, H. elegans in June, 
Trinema lineare in July. In September specific spe-
cies composition was organized by Cryptodifflugia
compressa as a leader and Trigonopyxis arcula as a 
subdominant.

In the xerophilous community at station 2 (Fig. 41, 
F) nine species formed the community structure. H. 
papilio, H. sphagni, N. tincta, A. flavum, E. ciliate 
prevailed in May and June, N. tenella, H. elegans, A. 

seminulum in July, C. compressa formed more than 
80% of total abundance in September.

Abundance dynamics of dominant spe-
cies. Seasonal dynamics of  the characteristics 
of abundance of live organisms and empty tests 
of some dominant species is represented in Fig. 
42. Abundance of live H. papilio individuals was 
maximal in May and significantly decreased to the
middle of summer, remaining  at a low level  until 

• Yuri A. Mazei and Andrei N. Tsyganov

Fig. 35. Changes  in community homogeneity level within bog  
in various vertical zones. Whiskers are error of mean.

Fig. 34. Change  in homogeneity of vertical community struc-
ture  at different stations (1–6). Whiskers are error of mean.

Fig. 33. Change  in integral community parameters along vertical gradient. Average parameters for season  at different stations.
Whiskers are error of mean.
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autumn.  At the same time, the share of empty tests 
increased in the second part of summer. The oppo-
site tendencies were revealed in abundance dynam-
ics of a closely related species H. elegans: minimal 
numbers of live  individuals were observed in May, 
then the numbers increased in June and remained 
at the same level  until September. However,  the 
share of empty tests increased in the second half of 
summer, too.  These opposite tendencies were espe-
cially  prominent  when relative abundances in the 
community were counted (Fig. 43). H. papilio pre-
vailed in the community in May, while H. elegans 
from July to September.

Abundance of live organisms of N. tincta remained 
at the same level during all summer, while the num-
bers of a closely related species N. tenella increased 
in the second half of  the study period (Fig. 42).  The
share of empty tests of  the latter species was lower 
than  that of the former.  The opposite tendencies  in

these closely related species are revealed even more 
clearly when  only relative abundances  are taken into 
account (Fig. 43).  The role of  N. tincta was signifi-
cant in spring and early summer, but  after that N. 
tenella dominated.

Abundance of live organisms of A. muscorum 
remained approximately at the same level and the 
numbers of A. seminulum increased slightly in July 
and August (Fig. 42). It is interesting that these xe-
rophilous species, which dominate in communities 
in sphagnum hummocks, had  a higher share of 
empty tests  than hydro- and hygrophilous species.  
These two  species, similarly to  the previous pairs of
closely related species, obviously showed the opposite 
tendencies in seasonal dynamics.  Only in one of the 
communities where these species were represented 
in significant numbers A. muscorum dominated in 
spring and the beginning of summer and A. seminu-
lum prevailed in the end of summer and in autumn.

Fig. 37. Changes  in indices of species diversity during the  
study period. Whiskers are error of mean.

Fig. 36. Changes  in environmental values during  the study 
period. Whiskers are error of mean.
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Discussion

Species composition and distribution of 
testate amoebae

 Most of the species typical  of the bog investi-
gated were common  in other sphagnum bogs, too 
(Gilbert and Mitchell, 2006): Assulina muscorum, 
A. seminulum, Nebela tincta, N. militaris, Corythion 
dubium, Hyalosphenia papilio, H. elegans, Euglypha 

laevis, E. ciliata, Archerella flavum, Bullinularia indi-
ca, Arcella arenaria, Heleopera sphagni, Trigonopyxis 
arcula, Trinema lineare, Difflugia juzephiniensis. 
At the same time, some species common  in other 
bogs (Phryganella acropodia, Euglypha compressa, 
E. strigosa, Physochila griseola, Heleopera petricola, 
H. rosea) were absent or very rare in Bezimyanoe 
bog. However, some species not typical  of sphag-
num bogs were characteristic  of the bog investigated 
(Centropyxis aculeata, Difflugia globulosa, D. parva,
Sphenoderia fissirostris).

The clearest distinctions in species composition of
testate amoebae community, which permit one to dis-
tinguish two types of assemblages in one bog, are ac-
counted for by two different biotopes, the bottom sedi-
ments in drain and the peat deposits in quagmire. These
distinctions are explained by the presence of poor-
rich gradient, which was mentioned in earlier works 
(Schönborn, 1966; Chardez, 1967) and  whose impor-
tance  for formation of  testate amoebae community 
structure was recently emphasized (Opravilová and 
Hájek, 2006). The differences in taxonomical compo-
sition are apparent  already at the family level (Fig. 44). 
So, species of the families Arcellidae, Phryganellidae  
and Lesquereusiidae were characteristic   of the quag-
mire margin, species of the family Cryptodifflugiidae

Fig. 38. Changes  in abundance of the individuals in the communities during  the study period. Whiskers are error of mean.

Fig. 39. Changes  in heterogeneity of communities  at the scale 
of whole bog during  the study season. Whiskers are error of 
mean.
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Fig. 40. Spatial structure of testate amoebae community  at the 
scale of whole bog in different months. May: axis 1 – 47.8%,
axis 2 – 29.9 %. June: 44.7%, 18.5%. July: 36.1%, 23.1%. August: 
43.1%, 30.0%. September: 20.0%, 10.0%. 
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Fig. 41. Results of ordination of seasonal stages of community  at different stations. A – station 6 axis 1 – 60.7%, axis 2 – 14.2%;
B – station 5: 56.9%, 32.3%; C – station 3: 41.8%, 31.2%; D – station 1: 61.1%, 43.7 %; E – station 4: 47.1%, 18.2%; F – station 2: 
62.4%, 24.6%
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had high abundance in dry sphagnum biotopes, species 
of the families Heleoperidae and Amphitremidae were 
frequently revealed in moist sphagnum habitats and 
species of the families Difflugiidae, Hyalospheniidae,
Nebelidae, Euglyphidae, Plagiopyxidae (Bullinularia) 
were found in all biotopes within the bog investigated.  
On the whole, the results obtained confirm the earlier
one (Opravilová and Hájek, 2006), with the exception 
of domination within the quagmire of species  from 
the family Difflugiidae, which are in general char-

acteristic  of detritus biotopes (Mazei and Tsyganov, 
2006a, 2006b).

 The above features (domination of Centropyxis 
aculeata and Difflugiidae species) reflect some char-
acteristics of the ecosystem investigated,  associated 
with intensive restoration processes  in sphagnum 
carpet. Thus, the presence of significant amount of
the above listed testate amoebae taxa could  indicate 
the disturbed state of the sphagnum bog ecosystem.

It is interesting that the influence of moisture of

Fig. 42. Dynamics of abundance of living  and dead  organisms (empty tests) of  dominant species. Whiskers are error of 
mean.
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sphagnum biotopes, which is the main determinant 
factor of species structure of testate amoebae commu-
nities (Charman and Warner, 1992, 1997; Bobrov et 
al., 2002; Booth, 2002; Mitchell, 2004; Lamentowitcz 
and Mitchell, 2005), in our case was less important. 
So, only 14% of all differences in the species distribu-
tion were accounted for by the depth to water table 
(Fig. 7).  The distinctions in species composition of
assemblages formed in biotopes with  the highest 

moisture were  revealed during the damp periods, 
and in dry biotopes, in droughty periods.

Mesoscale horizontal distribution

This investigation has shown that the patterns
of species distribution in  a bog in the Middle Volga 
Region are the same as in other parts of the world. 
The main factor influencing community structure
was substrate moisture, and environmental acidity  
came second (Meisterfeld, 1977, 1978; Warner, 1987; 
Tolonen et al., 1994; Charman, Warner and 1992; 
Charman, 2001; Mitchell et al., 1999; Booth, 2001; 
Bobrov et al., 2002; Lamentowicz and Mitchell, 2005). 
The great role of moisture in community structure
was  pointed out by the first researchers of testate
amoebae  in sphagnum bogs (Harnisch, 1924; Bassin, 
1944). These authors  revealed species characteristic 
of dry biotopes (Assulina seminulum, A. muscorum, 
Nebela collaris, N. militaris, etc.) and moist habitats 
(Archerella flavum, Amphitrema wrightianum, etc.).  
In the latter, Hyalosphenia papilio, Arcella discoides, 
Difflugia bacillifera, Nebela carinata, N. marginata, 
etc. reach the maximum abundance with appear-
ance of free water and Hyalosphenia elegans, Nebela 
militaris do the same at the average  level of mois-
ture. Later these conclusions have been  expanded 
and specified on the basis of  diverse material (Heal,

Fig. 43. Dynamics of relative abundance (% to total abun-
dance) of closely  related species in community. Whiskers are 
error of mean.

Fig. 44. Results of classification of families based on their oc-
currence in biotopes.
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Fig. 45. Vertical distribution of Hyalosphenia species.

Fig. 46. Vertical distribution of Assulina species.

Fig. 47. Vertical distribution of Arcella species.
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1962; Schönborn, 1962, 1963; Meisterfeld, 1977; 
Tolonen et al., 1992; Charman and Warner, 1992; 
Bobrov et al., 2002; Booth, 2002; Lamentowicz and 
Mitchell, 2005). At the same time, exact quantita-
tive  results appear a little bit different in different
works,  which is associated with the specificity of
concrete bogs studied. Local  features of Sphagnum-
dominated ecosystems (vegetation, climate,  humid-
ity level, chemical  composition, etc.) result in some 
specific features of testate amoebae communities
(Mitchell et al., 2000; Booth and Zygmunt, 2005). 
The results  obtained in the course of our investiga-
tion reflect an “average” pattern of structural differ-
entiation of bog communities (Bobrov et al., 2002).  
It illustrates the relationships between the species 
structure of the community and the habitat type 
(mainly  determined by moisture) and allows one to 
distinguish several types of local communities  on 
the basis of  dominant species. Indicator species of 
dry conditions Assulina muscorum, A. seminulum, 
Cryptodifflugia compressa dominated at hummock 
formed by Sphagnum angustifolium, S. papillosum, 
Polytrichum strictum. Species characteristic of moist 
biotopes, Nebela tenella, Hyalosphenia papilio, H. el-
egans, Heleopera petricola, dwelled in lawns formed 
by Sphagnum palustre and S. magellanicum. At the 
edge of the quagmire, besides typical sphagnophi-
lous species like Hyalosphenia papilio and Heleopera 
sphagni, which were abundant in other parts of bog, 
also Cyclopyxis eurystoma, Phryganella hemisphaeri-
ca, Arcella arenaria, A. hemisphaerica, A. intermedia 
dominated. It is interesting that species like Nebela 
tenella, Hyalosphenia elegans and Euglypha ciliata 
did not  occur in the assemblage at the edge of the 
quagmire, but were widely represented  elsewhere in 
the bog, both at hummocks and lawns,  which made 
the community quite continual.

 Direct comparison of absolute values of testate 
amoebae abundance in sphagnum is difficult because
of methodical differences between the studies, but it
is possible to compare general trends of  changes in 
integral community parameters.  It was shown in the 
previous works that on the average the organisms’ 
density and species diversity decrease from dry to 
moist biotopes, the decrease in species diversity being 
mainly caused by decrease  in evenness (Meisterfeld, 
1978; Warner, 1987). However, these conclusions are 
not confirmed by our results. In this work the mini-
mal organisms’ densities were  noted in the driest 
habitats, the species diversity  being equal in all local 
assemblages. It  may be explained by differences re-
flecting the specificity of the bog investigated , which
is restoring after peat extraction and is located in
continental climate. Incompleteness of restoration 

processes of the Sphagnum-dominated ecosystem  is 
reflected in insufficient development of bog micro-
relief,  which probably increases the “mixture” of 
different community types and results in continual
transitions between the local community variants 
and in smoothing of changes  in values of integral 
community parameters (for example, evenness).  The
continental climate results in “over drying” of hum-
mocks, which prevents the abundance of organisms 
from reaching high values.

 The results obtained confirm the possibility of
using testate amoebae as bioindicators in monitoring 
of Sphagnum-dominated ecosystems. It is especially 
important because of the greater species diversity 
of testate amoebae in comparison with mosses and 
higher plants. Moreover, most testate amoebae are 
cosmopolite (Mitchell et al., 2000; Mitchell, 2005), 
which allows application of unified biomonitoring
methods in different parts of the world. However, to
verify universality of the patterns revealed, further 
investigations in  unexplored regions are needed. 

Microscale horizontal distribution

Smaller organisms are known to perceive finer
environmental heterogeneity (Burkovsky et al., 1994; 
Azovsky, 2000, 2002).  Local protozoan agglomera-
tions with a size of about 1 cm and  less have been 
revealed (Burkovsky, 1984, 1992; Balik, 1996b).  The
smallest agglomeration  was determined by popula-
tion factors (reproduction processes) and coenotic 
factors (competition, resource-consumer relation-
ships); with the increase in investigation territory the 
main role in forming  the communities heterogeneity  
shifted to abiotic factors (Burkovsky et al., 1996). All
these conclusions were made  on the basis of data ob-
tained from rather heterogeneous biotopes,  such as 
marine sand littoral,  characterized by numerous spa-
tial gradients (Burkovsky, 1992) or spruce or beech lit-
ter transiting to soil covered by mosses (Balik, 1996b). 
At the same time, the moss carpet in sphagnum bogs 
seems to be rather homogeneous in terms of envi-
ronmental conditions if it is dominated by one moss 
species and lacks clear micro-topography (Andrus, 
1986). However, inferring ecological conditions from 
the vegetation or the micro-topography can be mis-
leading (Bridgham et al., 1996). Therefore, the macro-
scopic vegetation pattern is only a rough indication of 
micro-environmental conditions and  is not a priori 
a good indicator of testate amoebae community re-
quirements (Mitchell et al., 2000).

In recent investigation (Mitchell et al., 2000) it 
was shown that within macroscopically homoge-
neous 40 cm x 60 cm size Sphagnum magellanicum 
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carpet the testate amoebae community was  hetero-
geneous.  Heterogeneity was not  revealed  in biomass 
but was distinct in species structure.  The existence
of patches of different size was also shown, which re-
sulted from external environmental factors (such as 
food availability or the distribution of the water film)
or biotic processes such as intra- or interspecific re-
lationships.

In the course of our investigation heterogeneity 
was revealed  in community species structure within 
macroscopically homogenous Sphagnum angustifo-
lium carpet, although  it was significantly lower than 
that forming in abiotic microgradients (Charman and 
Warner, 1992, 1997; Mitchell et al., 1999). Besides, we  
found that patterns of spatial distribution depended 
on investigation scale.  Aggregation size  is species-
specific, and in some cases (Assulina muscorum and 
A. seminulum) is  positively correlated with amoebae 
shell size. It is interesting that some species form ag-
gregations of different size and the smallest patches
are about 1 cm large. To sum up, spatial heteroge-
neity of the population, resulting in patches of sev-
eral levels, forms under  the influence of a complex
of biotic and abiotic factors. So, these aggregations  
are more or less expressed patches of different size
smoothly passing to each other rather than a distinct 
spatially constrained group.

With an increasing  in investigation territory, in-
tegral community parameters change too. So, con-
nectedness of species slightly decreased and hetero-
geneity of community rose up. The most likely ex-
planation of this fact is  an increase in total environ-
mental heterogeneity,  which involves species diver-
gence in space.  The aggregation degree grows with
increasing of investigation area. Thus, aggregation of
testate amoebae distribution  is not associated with 
formation of joint species agglomerations. It means 
that in the maximal investigated scale (1–2 m) spe-
cies do not combine in local communities with more 
or less expressed spatial borders. The size of minimal
testate amoebae community is measured by 1-2 cen-
timeters.

Microscale vertical distribution

This investigation  has shown that in the sphag-
num bog studied  in the Middle Volga Region, simi-
larly to  other ecosystems (Heinis, 1945; Chacharonis, 
1954; Bonnet, 1958; Heal, 1962; Schönborn, 1963; 
Meisterfeld, 1977; Buttler et al., 1996; Booth, 2002; 
Mitchell and Gilbert, 2004), vertical differentia-
tion of testate amoebae community is  prominent. 
The most characteristic species  of the top 0–3 cm is
H. papilio.  It was dominant at all six stations except 

one (station 4). In the hydrophilous community Ph. 
hemisphaerica and C. eurystoma  joined this species, 
in the hygrophilous community it was H. sphagni, in 
the xerophilous one, A. muscorum, A. seminulum, A. 
flavum, E. laevis. In the hydrophilous community H. 
papilio and C. eurystoma dominated in the middle 
horizon and Arcella species preferred the lowest one. 
In the middle and the lowest zone H. elegans и N. 
tenella dominated in the hygrophilous community, 
and C. compressa и E. ciliata  joined them in the xe-
rophilous community. Moreover, in the lowest layers 
of the hygrophilous community D. juzephiniensis in-
dividuals were abundant.

 The results obtained agree well with those of the
previous investigations, summed up in the work of 
Mitchell and Gilbert (2004). H. papilio, A. flavum,
A. muscorum, A. seminulum, H. sphagni are char-
acteristic inhabitant of the upper parts of sphagnum 
(Heal, 1962). Some of  these species (A. flavum, H. 
sphagni, H. papilio) are mixotrophic, i.e. contain 
zoochlorellae in the cytoplasm and partly consume 
them (Schönborn, 1965). At the same time, species 
without zoochlorellae (A. muscorum, A. seminulum) 
are common in the xerophilous community.

On the other hand,  Heal (1962) noted that spe-
cies with shells covered by xenosomes usually occur 
in low sphagnum zone, where the material neces-
sary  for shell construction is present, and species 
with both symbiotic zoochlorellae in the  cytoplasm 
and xenosomes on the shell (H. sphagni) prefer the 
middle part, where there is a balance between the 
light requirements and the need for suitable mate-
rials for the shell construction (Heal, 1962; Buttler 
et al., 1996; Booth, 2002). Our study  confirms this
hypothesis, especially  since we  took into account 
distribution of live organisms only. The impor-
tance of this approach was emphasized in the work 
of Mitchell and Gilbert (2004).  Otherwise the pat-
terns observed  may be partly due to the inclusion of 
empty shells in the counts, which would artificially
increase the numbers of mixotrophic species in the 
lower parts of the mosses. Concerning the assump-
tion about  the increase in abundance of species with 
shell constructed with xenosomes in the lower lay-
ers, it should be noted that vertical distribution is 
strongly related with biotope conditions. So, in our 
study in submerged Sphagnum riparium at the sward 
edge  species with xenosomes (Ph. hemisphaerica, C. 
eurystoma) dominated in upper zone, while species 
with organic shell (Arcella individuals) dominated in 
the lower part. On the other hand, species with shells 
constructed with idiosomes (N. tenella, E. ciliata) or 
with organic shell dominated in the low zone within 
sphagnum sward (C. compressa, H. elegans),  and D. 
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juzephiniensis, a species with xenosomes, was abun-
dant in the same zone of moist biotope.

It is interesting that under various conditions 
different structures of vertical distribution formed.
This aspect has not been specially considered before. 
We found that in submerged Sphagnum riparium 
(hydrophilous community) well-defined changes in
community structure were present at 15 cm down 
the top, where a characteristic sphagnophilous com-
munity (H. papilio, Ph. hemisphaerica, C. eurystoma, 
H. sphagni) turned into a complex of different Arcella 
species. Within sphagnum lawns with Sphagnum 
palustre and S. magellanicum as dominant species 
(hygrophilous community) we observed two turn-
ing points in community structure. The first one
was located at  a depth of 3 cm, where mixotrophic 
community (H. papilio, H. sphagni) transformed to 
transitional community (H. elegans, N. tenella, H. 
papilio, H. sphagni), and at  a depth of 6 cm (the sec-
ond point) the  latter  changes into a community with 
domination of N. tenella. In hummocks (xerophi-
lous community) two variants of vertical structure 
formed  depending on environmental conditions. In 
the first case there was one turning point at  a depth
of 9 cm, where the upper community (A. muscorum, 
A. seminulum) changed to the lower one (N. tenella, 
H. elegans, E. ciliata). In  the second case there were 
two turning points: the first one was at  a depth of 3
cm, where the upper community (H. papilio, A. fla-
vum, E. laevis, A. seminulum)  transformed into the 
middle one (N. tincta, A. seminulum), and at  a depth 
of 6 cm the lower community formed (C. compressa, 
N. tenella, H. elegans).

The abundance of live organisms only allows re-
vealing changes in integral community parameters 
along the vertical gradient. In the top 0–3 cm of 
sphagnum layer species number and diversity were 
minimal and the abundance of organisms was maxi-
mal. In other words, specific conditions  promote
development of a limited number of species with 
characteristic adaptations, such as zoochlorellae in 
the cytoplasm (H. papilio, A. flavum, H. sphagni) or 
resistance  to insufficient moisture (A. muscorum, A. 
seminulum).

Another interesting aspect to be discussed in con-
nection with vertical structure of the community is 
niche separation among congeneric species (Mitchell 
and Gilbert, 2004). Patterns of vertical micro-dis-
tributions of closely related species may indicate the 
existence of a competitive exclusion.  Species  con-
sidered before in this respect (Mitchell and Gilbert, 
2004) are A. flavum–A. wrightianum/A. stenostoma, 
A. muscorum–A. seminulum, H. papilio–H. elegans.  
Incidentally, these pairs are combinations  of mixo-

trophic and heterotrophic species.  Similar pairs 
might be formed between species from  the genera 
Euglypha, Nebela etc.  We compared the character of 
vertical distribution of three groups of closely related 
species (Fig. 45–47) and found the opposite trends of 
distribution reflecting the niche segregation by verti-
cal gradient character only for the pair H. papilio–H. 
elegans. Mixotrophic species (H. papilio) dwells in 
the upper zone, while heterotrophic H. elegans in the 
lower zone. Closely related Assulina and Arcella spe-
cies live at the same levels, so that their niches are 
separated  according to other parameters than verti-
cal distribution. 

Seasonal dynamics

Our investigation showed some common features 
of changes in community structure from the end of 
spring to the beginning of autumn.  The number of
species increased during this period, while species 
diversity and evenness remained at the same level. 
Moreover, different changes in species abundance
in various communities were recorded: it could in-
crease, fall or vary without well-defined directed
tendencies. Significant and undirected fluctuations
in testate amoebae abundance were noted before 
(Schönborn, 1982, 1986),  but in individual species 
dynamics more or less expressed peaks were found 
(Lousier, 1984, 1985).  Interestingly, the abundance 
peaks of some species can occur not only in late au-
tumn (November) but also in winter (Lousier, 1984, 
1985). Seasonal changes  in abundance of benthic 
testate amoebae in freshwater have different trends.
So, maximal values of the organisms’ abundance 
were marked in spring and autumn, in summer 
it decreased, though in some types of biotopes the 
numbers of testate amoebae increased from spring to 
summer and then fell drastically in autumn (Vikol, 
1992). Hence, there is no single trend of seasonal 
changes  in testate amoebae abundance in different
biotopes.

 A characteristic feature of seasonal changes is re-
placement of species composition.  However, chang-
ing of species complexes of testate amoebae during 
the season is rarely discussed in the literature.  A 
study of benthic communities  in reservoirs of the 
Dniester river basin revealed the following species 
complexes (Vikol, 1992). Centropyxis cassis, C. acro-
podia, C. minuta, C. spinosa, Difflugia bacillariarum,
D. bacillifera, D. difficilis, D. brevicolla, Pontigulasia
incisa, Euglypha aspera were characteristic of  spring, 
Trigonopyxis arcula, Difflugia varians, D. elongata,
D. glans, D. lebes, D. mica, D. rubescens, D. scalpel-
lum  of summer, Centropyxis hirsuta, C. platystoma, 
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Difflugia linearis, D. muriculata, D. compressa, D. ivo-
rensis, Lesquereusia spiralis  of autumn.  Our inves-
tigation also  showed seasonal changes  in the domi-
nant species complex, species complexes being con-
nected with habitat conditions. In the hydrophilous 
community from submerged Sphagnum riparium the 
spring species complex was represented by H. papilio, 
C. eurystoma, A. flavum, the summer complex by Ph. 
hemisphaerica, H. papilio, A. intermedia, the autumn 
complex  by C. platystoma, C. aculeata, A. gibbosa, 
A. arenaria. In the hygrophilous community from 
sphagnum lawn formed by Sphagnum palustre and 
Sphagnum magellanicum the spring species were 
H. papilio, N. tincta and H. sphagni, and  the sum-
mer-autumn  species N. tenella and H. elegans. In 
xerophilous community from hummocks formed 
by Sphagnum angustifolium, Sphagnum papillosum 
and Polytrichum strictum the spring community was 
dominated by A. muscorum, N. tincta, H. sphagni, 
the summer one  by N. tenella, A. seminulum, H. el-
egans, E. ciliata and the autumn community by C. 
compressa, T. arcula, A. seminulum.

Nevertheless, the changes registered  in the com-
position of dominant species  are reduced to a great 
extent by independent patterns of abundance chang-
es of single species,  which on the whole resulted in 
considerable discreetness of the changing processes. 
The  intensity of directed changes for the most part
of community structure dynamics  was different in
various stations.

We described the character of seasonal dynamics 
of abundance of some species, common for Sphagnum-
dominated ecosystems, that were abundant in the bog 
studied, too.  Species closely related taxonomically di-
verged along the temporal axis of niche space,  which 
could be an indirect evidence of competitive relation-
ships between  them (Burkovsky, 1987). So, in the pair 
of closely related species H. papilio – H. elegans the  
former could  be consider as a spring species, and the  
latter as a summer-autumn one. Our data on the de-
crease  in H. papilio abundance in the end of summer 
are slightly at variance with  the previous idea  about 
its high numbers during all this period (Heal, 1964).  
These results  may be the evidence of flexibility of this
species,  a common inhabitant of sphagnum bogs 
(Gilbert and Mitchell, 2006).  The characteristics of
seasonal dynamics are probably defined not only by
biotope features but also by interspecific interactions
in the community. In another pair of closely related 
species, N. tincta – N. tenella,  the former was char-
acteristic  of spring and early summer and the  latter 
in the end of summer and in autumn. In the species 
pair A. muscorum – A. seminulum  no such regulari-
ties were  quite clear, but still one might say that A. 

muscorum preferred the first part of summer and A. 
seminulum the second one.

Interestingly,  the share of Assulina empty tests 
was very high in comparison with that of live organ-
isms. This fact could be explained by two reasons. 
Firstly, dryness of biotopes where these species live 
could promote better conservation of tests because of 
the reduced microbial activity. Secondly, in dry habi-
tats organisms probably react to  favorable conditions 
(for example, biotope moistening during rains) by  a 
fast increase in abundance. A considerable part of 
the population dies after reestablishment of dry con-
ditions. In other words, populations under consid-
eration are obviously r-strategists. This is explained
not only by their physiological features, but also by 
their smaller size as compared to  larger organisms  
from the genera Hyalosphenia, Nebela, Heleopera. 
The results  obtained in the present study on abun-
dance dynamics of live organisms and empty tests of 
A. seminulum are an indirect evidence in favour of 
the second reason. From June to July the number of 
empty tests increased quickly, while the abundance 
of live organisms remained at the  same level.  This
fact  can only be explained by  a drastic increase  in 
the live organisms’ numbers between  sampling and  
a subsequent mass mortality of active amoebae.

Acknowledgements

The work was supported by the Russian
Foundation for Basic Research (grants numbers 07–
04–00185 and 07–04–00187) and the Grant of the 
President of the Russian Federation МК–7388.2006.4 
(for Yu. A. M.)

References

Adl S.M., Simpson A.G.B., Farmer M.A., Andersen 
R.A., Anderson O.R. et al. 2005. The new higher level
classification of eukaryotes with emphasis on the
taxonomy of protists. J. Eukaryot. Microbiol. 52, 
399–432.

Alekseev D.V. 1984. Soil testate amoebae of water-
logged forests from north subzone of European taiga. 
PhD Thesis. Moscow (in Russian).

Andrus R.E. 1986. Some aspects of Sphagnum 
ecology. Can. J. Bot. 64, 416–426.

Auer B. and Arndt H. 2001. Taxonomic composi-
tion and biomass of heterotrophic flagellates in re-
lation to lake trophy and season. Freshwat. Biol. 46, 
959–972.

Azovsky A.I. 1993. ECOS – packet program for 
community ecology analysis, version 1.3.



202

Azovsky A.I. 2000. Concept of scale in ma-
rine ecology: linking the words or the worlds? Web 
Ecology. 1, 28–34 (http:// www.oikos.ekol.lu.se/we).

Azovsky A.I. 2002. Size-dependent species–area 
relationships in benthos, or whether this world is 
more diverse for microbes? Ecography. 25, 3, 273–
282.

Azovsky A.I., Chertoprood E.S., Saburova M.A. 
and Polikarpov I.G. 2004. Spatio-temporal vari-
ability of micro- and meiobenthic communities in 
a White Sea intertidal sandflat. Est. Coast. Shelf Sci.
60, 663–671.

Balik V. 1996a. Testate amoebae community 
(Protozoa, Rhizopoda) in a meadow-spurce forest 
mesoecotone. Biologia, Bratislava. 51, 2, 117–124.

Balik V. 1996b. Testate amoebae communities 
(Protozoa, Rhizopoda) in two moss – soil microeco-
tones. Biologia, Bratislava. 51, 2, 125–133.

Bassin F.N. 1944. Geographical distribution of 
testate amoebae. Doctoral thesis. Arkhangelsk (in 
Russian).

Begon M., Harper J.L. and Townsend C.R. 1986. 
Ecology. Individuals, populations, communities. 
Blackwell Sci. Publ., Oxford et al. 

Beyens L. and Chardez D. 1994. On the habitat 
specificity of the testate amebas assemblages from
Devon Island (NWT, Canadian Arctic), with de-
scription of a new species – Difflugia ovalisina. Arch. 
Protistenk. 144, 137–142.

Bobrov A.A. 1999. Ecological and geographical 
pattern and structure of testate amoebae community. 
Doctoral Thesis, Moscow (in Russian).

Bobrov A.A. 2003a. Historical dynamics of lake-
bog ecosystems and succession of shell amoebae 
(Testacea, Protozoa). Zool. Zhurn. 82, 2, 215–223 (in 
Russian with English summary).

Bobrov A.A. 2003b. Microstructural level of 
soil organization and soil nanofauna. In.: (Ed. 
Dobrovolsky G.V.) Structural and functional role of 
soils and soil biota in the biosphere. Nauka, Moscow. 
pp. 139–150 (in Russian).

Bobrov A.A., Andreev A.A., Schirrmeister L. 
and Siegert Ch. 2004. Testate amoebae (Protozoa: 
Testacealobosea and Testaceafilosea) as bioindica-
tors in the Late Quaternary deposits of the Bykovsky 
Peninsula, Laptev Sea, Russia. Palaeogeogr. 
Palaeoclimat. Palaeoecol. 209, 165–181.

Bobrov A.A., Charman D.J. and Warner B.G. 1999. 
Ecology of testate amoebae (Protozoa: Rhizopoda) 
on peatlands in western Russia with special attention 
to nich separation in closely related taxa. Protist. 150, 
125–136.

Bobrov A.A., Charman D.J. and Warner B.G. 
2002. Ecology of testate amoebae from oligotrophic 

peatlands: specific features of polytypic and poly-
morphic species. Biology Bulletin. 6, 738–751.

Bobrov A.A., Yazvenko S.B. and Warner B.G. 
1995. Taxonomic and ecological implications of 
shell morphology of three testaceans (Protozoa, 
Rhizopoda) in Russia and Canada. Arch. Protistenk. 
145, 119–126.

Bonnet L. 1958. Les thécamoebiens des Bouillouses. 
Bull. Soc. Hist. Nat. Toulouse. 93, 529–543.

Booth R.K. 2001. Ecology of testate amoebae in 
two Lake Superior coastal wetlands: implications 
for paleoecology and environmental monitoring. 
Wetlands. 21, 564–576.

Booth R.K. 2002. Testate amoebae as paleoindica-
tors of surface-moisture changes on Michigan peat-
lands: modern ecology and hydrological calibration. 
J. Paleolimnol. 28, 329–348.

Booth R.K. and Zygmunt J.R. 2005. Biogeography 
and comparative ecology of testate amoebae in-
habiting Sphagnum-dominated peatlands in the 
Great Lakes and Rocky Mountain regions of North 
America. Diversity Distrib. 11, 577–590.

Borcard D., Legendre P. and Drapeau P. 1992. 
Partialling out the spatial component of ecological 
variation. Ecology. 73, 1045–1055.

Bridgham S.D., Pastor J., Janssens J.A., Chapin C. 
and Malterer T. 1996. Multiple limiting gradients in 
peatlands: A call for a new paradigm. Wetlands. 16, 
45–65.

Burkovsky I.V. 1971. Ecology of psammophilous 
ciliates in the White Sea. Zool. Zhurn. 50, 9, 1285–
1302 (in Russian with English summary).

Burkovsky I.V. 1978. Structure, dynamics and 
production of psammophilous marine ciliates com-
munities. Zool. Znurn. 57, 3, 325–337 (in Russian 
with English summary).

Burkovsky I.V. 1984. Ecology of free-living ciliates. 
Moscow State Univ. Press, Moscow (in Russian).

Burkovsky I.V. 1987. The partitioning of ecologi-
cal resources and the species interrelations in the 
community of marine psammophilous ciliates. Zool. 
Zhurn. 66, 645–654 (in Russian with English sum-
mary).

Burkovsky I.V. 1992. Structural and functional 
organization and resilience of marine benthic com-
munities. Moscow University Press, Moscow (in 
Russian).

Burkovsky I.V. and Aksenov D.E. 1996. Structure 
of a psammophilous ciliate community in studies of 
different spatial scale. Develop. Curr. Biol. 116, 218–
230 (in Russian with English summary).

Burkovsky I.V., Aksenov D.E. and Azovsky A.I. 
1996. Mesoscale spatial structure of the commu-
nity of marine psammophilous ciliates. Oceanology 

• Yuri A. Mazei and Andrei N. Tsyganov



203Protistology •

(Moscow). 36, 255–592 (in Russian with English 
summary).

Burkovsky I.V., Azovsky A.I. and Mokiyevsky 
V.O. 1994. Scaling in benthos: from microbenthos 
to macrobenthos. Archiv fur Hydrobiol. Suppl. 99, 4, 
517–535.

Buttler A., Warner B.G., Grosvernier Ph. and 
Matthey Y. 1996. Vertical patterns of testate amoebae 
(Protozoa: Rhizopoda) and peat-forming vegetation 
on cutover bogs in the Jura, Switzerland. New Phytol. 
134, 371–382.

Chacharonis P. 1956. Observations on the ecology 
of protozoa associated with Sphagnum. J. Protozool. 
3, 11.

Chardez D. 1967. Histoire Naturelle des 
Protozoaires Thecamoebiens. Naturalistes Belges.
48, 10, 484–576.

Charman D.J. 2001. Biostratigraphic and pal-
aeoenvironmental applications of testate amoebae. 
Quat. Sci. Rev. 20, 1753–1746.

Charman D.J., Hendon D. and Woodland W.A. 
2000. The identification of testate amoebae (Protozoa:
Rhizopoda) in peats. QRA Technical Guide №. 9. 
Quaternary Research Association, London.

Charman D.J. and Warner B.G. 1992. Relationship 
between testate amoebae (Protozoa:Rhizopoda) and 
the micro-environmental parameters on a forested 
peatland in northeastern Ontario. Can. J. Zool. 70, 
2474–2482.

Charman D.J. and Warner B.G. 1997. The ecology
of testate amoebae (Protozoa: Rhizopoda) in oceanic 
peatlands in Newfoundland, Canada: modelling hy-
drological relationships for palaeoenvironmental re-
construction. Ecoscience. 4, 555–562.

Chiguryaeva A.A. 1941. Ivanonskie peatlands. 
Uchenye zapiski Saratov State Univ. 7, 3–77 (in 
Russian).

Chistyakova A.A. and Kulikovsky M.S. 2004. 
Vegetation of Penza region peatlands and it’s antro-
pogenic dynamic. Proceed. All-Russian Conference 
on problems of landscape and biodiversity preserva-
tion of Russia and adjacent territories, pp. 131–134 
(in Russian).

Coûteaux M.–M. 1976. Dynamisme de l’équilibre 
des Thécamoebiens dans quelques sols climatiques.
Mem. Mus. Natl. Hist. Nat. ser. A. Zool. 96, 1–183.

Davis S.R. and Wilkinson D.M. 2004. The conser-
vation management value of testate amoebae as “res-
toration” indicators: speculations based on two dam-
aged raised mires in northwest England. Holocene. 
14, 135–143.

Denisencov V.P. 2000. Fundamentals of telma-
thology. St.Petersb. Univ. Press, St.Petersburg (in 
Russian).

Dokturovsky V.S. 1925. On Penza region peat-
lands (from materials devoted to study of reserved 
territories). Trans. reserve stud. 3, 1–15 (in Russian).

Foissner W. 1999. Soil protozoa as bioindicators: 
pros and cons, methods, diversity, representative ex-
amples. Agr. Ecosyst. Environ. 74, 95–112.

Gearey B.R. and Caseldine Ch.J. 2006. 
Archaeological applications of testate amoebae anal-
yses: a case study from Derryville, Co. Tipperary, 
Ireland. J. Archaeol. Sci. 33, 49–50.

Gilbert D., Amblard C., Bourdier G. and Francez 
A.-J. 1998a. The microbial loop at the surface of a
peatland: structure, function, and impact of nutrient 
input. Microb. Ecol. 38, 83–93.

Gilbert D., Amblard C., Bourdier G. and Francez 
A.-J. 1998b. Short effect of nitrogen enrichment on the
microbial communities of a peatland. Hydrobiologia. 
373/374, 111–119.

Gilbert D., Amblard C., Bourdier G., Francez A.-
J. and Mitchell E.A. 2000. Le regime alimentaire des 
Thécamoebiens (Protista, Sarcodina). Année Biol. 39,
57–68.

Gilbert D. and Mitchell E. 2006. Microbial diver-
sity in sphagnum peatlands. In: Peatlands: Evolution 
and Records of Environmental and Climatic 
Changes (Eds. Martini I.P., Martínez Cortizas A. and 
Chesworth W.). Elsevier, Amsterdam. pp. 289–320.

Gilbert D., Mitchell E.A., Amblard C., Bourdier 
G. and Francez A.-J. 2003. Population dynamics and 
food preferences of the testate amoeba Nebela tincta 
major-bohemica-collaris complex (Protozoa) in a 
Sphagnum peatland. Acta Protozool. 42, 99–104.

Grospietsch T. 1952. Die Rhizopodenanalyse als 
Hilfsmittel der Moorforschung. Naturwissenschaften.
39, 318–323.

Grospietsch T. 1953a. Die Untersuchung von Mo-
oren mit Hilfe der Rhizopodenanalyse. Mikrokosmos. 
42, 101–106.

Grospietsch T. 1953b. Rhizopodenanalytische 
Untersuchungen an Mooren Ostholsteins. Arch. 
Hydrobiol. 47, 321–452.

Guhl B.E., Finlay B.J. and Schink B. 1994. Seasonal 
development of hypolimnetic ciliate communities in 
a eutrophic pond. FEMS Microb. Ecol. 14, 293–306.

Hammer Ø., Harper D.A.T. and Ryan P.D. 2001. 
PAST: Palaeontological Statistics software package
for education and data analysis. Palaeontologica 
electronica. 4, 1, 4, 1–9. (http://palaeo-electronica.
org/2001_1/past/issue1_01.htm).

Harnish O. 1924. Studien zur Okologie der 
Moorfauna. Biol. Zentralbl. 44, 110–127.

Harnish O. 1929. Einige Daten zur rezenten und 
fossilen testaceen Rhizopodenfauna der Sphagnen. 
Arch. Hydrobiol. 18, 345–360 .



204

Heal O.W. 1962. The abundance and micro-dis-
tribution of testsate amoeba (Rhizopoda: Testacea) 
in Sphagnum. Okios. 13, 35–47.

Heal O.W. 1964. Observations on the seasonal and 
spatial distribution of Testacea (Protozoa: Rhzopoda) 
in Sphagnum. J. Anim. Ecol. 33, 395–412.

Heinis F. 1945. Beitrag zur Mikrobiocohagnum-
polster auf God del Fuorn in National Parks. Ergebn. 
Wiss. Unters. Schweiz. NatParks. 1, 526–547.

Hendon D. and Charman D. 2004. High resolu-
tion peatland water table changes for the past 200 
years: the influence of climate and implications for
management. Holocene. 14, 125–134.

Hendon D., Charman D.J. and Kent M. 2001. 
Papaeohydrological records derived from tes-
tate amoebae analysis from peatlands in northern 
England: within-site variability, between-site compa-
rability and palaeoclimatic implications. Holocene. 
11, 127–148.

Hillebrand H., Watermann F., Karez R. and 
Berninger U.-G. 2001. Differences in species rich-
ness patterns between unicellular and multicellular 
organisms. Oecologia. 126, 114–124.

Hughes P.D.M., Blundell A., Charman D.J., 
Bartlett S., Daniell J.R.G. et al. 2006. An 8500 cal. 
year multi-proxy climate record from a bog in eastern 
Newfoundland: contributions of meltwater discharge 
and solar forcing. Quat. Sci. Rev. 25, 1208–1227.

Huston M.A. 1999. Local processes and regional 
patterns: appropriate scales for understanding varia-
tion in the diversity of plants and animals. Oikos. 86, 
393–401.

Ivanov A.I. and Chistyakova A.A. 2005. Sphag-
num bogs of Penza region. Proceed. All-Russian 
Conference on biodiversity preservation and deve-
lopment of hunting economy in Russia. Penza, 
pp. 33–36 (in Russian).

Ivanov A.I., Mazei Yu.A., Stoiko T.G. and 
Serebryakova N.N. 2006. Ecosystems of moss bog 
of Penza region: current state. Proceed. All-Russian 
Conference on problems of preservation and ecologi-
cal monitoring of natural landscapes and biodiversiy. 
Penza, pp. 37–39 (in Russian). 

Jax K. 1992. Investigation on succession and long-
term dynamics of testacea assemblages (Protozoa: 
Rhizopoda) in the Aufwuchs of small bodies of wa-
ter. Limnologica. 22, 299–328.

Jax K. 1996. The influence of substratum age on
patterns of protozoan assemblages in freshwater 
Aufwuchs – a case study. Hydrobiologia. 317, 201–208.

Keller B.A. 1903. Botanic and geographical inves-
tigations in Serdobsky uezd of Saratovskaya guber-
niya. Trans. Nat. Soc. Kazans. Imper. Univ. 37, 1 (in 
Russian).

Lamentowicz M. and Mitchell E.A. 2005. The
ecology of testate amoebae (Protists) in Sphagnum 
in north-western Poland in relation to peatland ecol-
ogy. Microb. Ecol. 50, 48–63.

Laminger H. 1975. Die Sukzession der Testaceen-
Assoziationen (Protozoa Rhizopoda) im rezenten 
und subfossilen Sphagnum des Obersees bei Lunz 
(Niederosterreich). Hydrobiologia. 46, 465–487.

Laminger H. 1978. The effect of soil moisture fluc-
tuations on the Testacean species Trinema enchelys 
(Ehrenberg) Leidy in a high mountain brown-earths-
podsol and its feeding behaviour. Arch. Protistenk. 
120, 446–454.

Laminger H., Geisler–Moroder K., Siess A., 
Spiss E. and Spiss B. 1980. Populationsdynamik 
terrestrischer Protozoen (Testacea, Rhizopoda) in 
Zentralalpinen Lagen Tirols. I. Untersuchungen sub-
alpinen Boden in Raum Obergurgl (Tirol/Österreich). 
Arch. Protistenk. 123, 280–323. 

Laminger H., Schopper M., Pipp E., Hensler I. and 
Mantl P. 1981. Untersuchungen über Nekrozonosen 
und Taxozonosen der Testacea (Protozoa) im Zirben-
waldmoor (Obergurgl, Tirol/Austria). Hydrobiologia. 
77, 193–202.

Lousier J.D. 1984. Population dynamics and pro-
duction studies of species of Nebelidae (Testacea, 
Rhizopoda) in an aspen woodland soil. Acta 
Protozool. 23, 145–159.

Lousier J.D. 1985. Population dynamics and 
production studies of species of Centropyxidae 
(Testacea, Rhizopoda) in an aspen woodland soil. 
Arch. Protistenk. 130, 165–178.

Margalef R. 1992. A look of the biosphere. Nauka, 
Moscow (in Russian).

Mathes J. and Arndt H. 1995. Annual cycle of 
protozooplankton (ciliates, flagellates and sarcod-
ines) in relation to phyto- and metazooplankton in 
lake Neumuhler See (Mecklenburg, Germany). Arch. 
Hydrobiol. 134, 337–258.

Mazei Yu.A. and Burkovsky I.V. 2002. Spatial and 
temporal changes of psammophilous ciliate commu-
nity in the White Sea estuary. Dev. Curr. Biol. 122, 
183–189 (in Russian with English summary).

Mazei Yu.A. and Tsyganov A.N. 2006a. Testate 
amoebae from freshwater ecosystems of the Sura river 
basin (Middle Volga region) 1. Fauna and morphologi-
cal-ecological characteristics of species. Zool. Zhurn. 
85, 11, 1267–1280 (in Russian with English summary).

Mazei Yu.A. and Tsyganov A.N. 2006b. Testate 
amoebae from freshwater ecosystems of the Sura riv-
er basin (Middle Volga region) 2. Community struc-
ture. Zool. Zhurn. 85, 12, 1395–1401 (in Russian with 
English summary).

Meisterfeld R. 1977. Die horizontale und vertikale 

• Yuri A. Mazei and Andrei N. Tsyganov



205Protistology •

Verteilung der Testaceen (Rhizopoda, Testacea) in 
Sphagnum. Arch. Hydrobiol. 79, 319–356. 

Meisterfeld R. 1978. Die Struktur von Testace-
enzonosen (Rhizopoda, Testacea) in Sphagnum un-
ter besonderer Berucksichtigung ihrer Diversitat. 
Verh. Ges. Okologie. 7, 441–450.

Meisterfeld R. 1997. Thekamöben – ihr Potential 
für ökosystemforschung und Bioindikation. Abh. 
Ber. Naturkundesmus. Gorlitz. 69, 87-95.

Mitchell E.A.D. 2004. Response of testate amoe-
bae (Protozoa) to N and P fertilization in an arctic 
wet sedge tundra. Arct. Antarct. Alp. Res. 36, 77–82.

Mitchell E.A.D. 2005. Bacteria and Island 
Biogeography. Science. 309, 1997–1998.

Mitchell E.A.D., Borcard D., Buttler A.J., 
Grosvernier Ph., Gilbert D. and Gobat J.-M. 2000. 
Horizontal distribution patterns of testate amoebae 
(Protozoa) in a Sphagnum magellanicum carpet. 
Microb. Ecol. 69, 290–300.

Mitchell E.A.D., Buttler A.J., Grosvernier Ph., 
Rydin H., Albinsson C. et al. 2000. Relationships 
among testate amoebae (Protozoa), vegetation and 
water chemistry in five Sphagnum-dominated peat-
lands in Europe. New Phytol. 145, 95–106.

Mitchell E.A.D., Buttler A.J., Warner B.G. and 
Gobat J.-M. 1999. Ecology of testate amoebae 
(Protozoa: Rhizopoda) in Sphagnum peatlands in the 
Jura miuntains, Switzerland and France. Ecoscience. 
6, 565–576.

Mitchell E.A.D. and Gilbert D. 2004. Vertical 
micro-distribution and response to nitrogen depo-
sition of testate amoebae in Sphagnum. J. Eukaryot. 
Microbiol. 51, 480–490.

Mitchell E.A.D., Gilbert D., Buttler A., Amblard 
C., Grosvernier P. and Gobat J.-M. 2003. Structure of 
microbial communities in Sphagnum peatlands and 
effect of atmospheric carbon dioxide enrichment.
Microb. Ecol. 46, 187–199.

Mitchell E.A.D., van der Knaap W.O., van 
Leeuwen J.F.N., Buttler A., Warner B.G. and Gobat 
J.-M. 2001. The palaeoecological history of the Ptaz-
Rodet bog (Swiss Jura) based on pollen, plant macro-
fossils and testate amoebae (Protozoa). The Holocene.
11, 65–80.

Opravilovà V. and Hàjek M. 2006. The variation of
testacean assemblages (Rhizopoda) along the complete 
base-richness gradient in fens: a case study from the 
Western Carpathians. Acta Protozool. 45, 191–204.

Patterson R.T., Barker T. and Burbidge S.M. 1996. 
Arcellaceans (thecamoebians) as proxies of arsenic 
and mercury contamination in northeastern Ontario 
lakes. J. Foram. Res. 26, 172–183.

Patterson R.T., Dalby A., Kumar A., Henderson 
L.A. and Boudreau R.E.A. 2002. Arcellaceans (thec-

amoebians) as indicators of land-use change: settle-
ment history of the Swan Lake area, Ontario as a case 
study. J. Paleolimnol. 28, 297–316.

Patterson D.J., Larsen J. and Corliss J.O. 1989. The
ecology of heterotrophic flagellates and ciliates living
in marine sediments. Progr. Protistol. 3, 185–277.

Pielou E.C. 1983. Spatial and Temporal Change 
in Biogeography: Gradual or Abrupt? In: (Eds. Sims 
R.W., Price J.H. and Whalley P.E.S.) Evolution, Time 
and Space: the Emergence of the Biosphere. Academic 
Press, London. pp. 29–56.

Rakhleeva A.A. and Korganova G.A. 2005. On 
the estimation of abundance and species diversity of 
testate amoebae (Rhizopoda, Testacea) in taiga soils. 
Zool. Zhur. 84, 1427–1436. (in Russian with English 
summary).

Rusek J. 1992. Distribution and dynamics of soil 
organisms across ecotones. In: (Eds.  Hansen A.J., di 
Castri F.). Landscape boundaries. Consequeces for 
biotic diversity and ecological flows. Springer-Verlag,
NY et al. pp.196–214.

Saburova M.A., Polikarpov I.G. and Burkovsky 
I.V. 1991. Spatial distribution of microphytoben-
thic organisms in sandy littoral of the White Sea. 
Develop. Cur. Biol. 111, 882–889 (in Russian with 
English summary).

Saburova M.A., Polikarpov I.G. and Burkovsky 
I.V. 1995. Spatial structure of an intertidal sandflat
microphytobenthic community as related to differ-
ent spatial scales. Mar. Ecol. Prog. Ser. 129, 214–232.

Schneider D.C. 1994. Quantitative ecology: spa-
tial and temporal scaling. Acad. Press, NY. 

Schnitchen C., Magyari E., Tothmeresz B., Gri-
gorsky I. and Braun M. 2003. Micropaleontological 
obseravations on a Sphagnum bog in East Carpathian 
region – testate amoebae (Rhizopoda: Testacea) and 
their potential use for reconstruction of micro- and 
macroclimatic changes. Hydrobiologia. 506, 45–49.

Schönborn W. 1962. Zur Ökologie der sphagniko-
len, bryokolen und terricolen Testaceen. Limnologica. 
1, 231–254.

Schönborn W. 1963. Die Stratigraphie leb-
ender Testaceen im Sphagnetum der Hochmoore. 
Limnologica. 1, 315–321.

Schönborn W. 1965. Untersuchungen über die 
Zoochlorellen-Symbiose der Hochmoor-Testaceen. 
Limnologica. 3, 173–176.

Schönborn W. 1966. Beschalte Amöben 
(Testacean). Ziemsen, Wittenberg-Lutherstadt.

Schönborn W. 1975. Ermittlung der Jahrespro-
duktion von Boden-Protozoen. I. Euglyphidae (Rhi-
zopoda, testacea). Pedobiologia. 15, 415–424.

Schönborn W. 1977. Production studies on 
Protozoa. Oecologia. 27, 171–184.



206

Schönborn W. 1978. Untersuchungen zur 
Produktion der Boden-Testaceen. Pedobiologia. 18, 
373–377.

Schönborn W. 1981. Populationsdynamik und 
Produktion der Testaceen (Protozoa: Rhizopoda) in 
der Saale. Zool. Jb. Syst. 108, 301–313.

Schönborn W. 1982. Estimation of annual pro-
duction of Testacea (Protozoa) in mull and moder 
(II). Pedobiologia. 23, 383–393.

Schönborn W. 1986. Population dynamics and 
production biology of testate amoebae (Rhizopoda, 
Testacea) in raw humus of two coniferous forest soil. 
Arch. Protistenk. 132, 325–342.

Smith H.G. 1973. The Signy Island terrestrial ref-
erence sites: III. Population ecology of Corythion du-
bium (Rhizopoda: Testacida) in Sit 1. Brit. Antarct. 
Surv. Bull. 33/34, 123–135.

Sprygin I.I. 1986. Materials to studying of Middle 
Volga region. Nauka, Moscow (in Russian).

StatSoft, Inc., 1999. STATISTICA for Windows –
Computer program manual (http://www.statsoft.
com).

Stoiko T.G. and Mazei Yu.A. 2005. Animal plank-
ton from reservoirs located above flood-lands of the
Sura and the Moksha rivers basins. Proceed. Intern. 
Conference on biodiversity of Volga region ecosys-
tems: past, presence and future. Saratov, pp. 232–234. 
(in Russian).

Tarnogradsky D.A. 1959. Microflora and mi-
crofauna of the peat-bog of the Caucasus. 8. Sedge-
sphagnum lake in the upper water of the Balkar river 
Terek. Works of North.-Caucasus Biol. Station. 6, 3, 
3–59. (in Russian).

Tarnogradsky D.A. 1961 . Microflora and micro-
fauna of the peat-bog of the Caucasus. 5. Sphagnetum 
of the Makhar gorge (Karachaevo-Cherkesskaya 
A.O.). Works of North.-Caucasus Biol. Station. 7, 
1–2, 3–31. (in Russian).

Tolonen K. 1966. Stratigraphic and rhizopod 

analyses on an old raised bog, Varrassuo, in Hollola, 
South Finland. Ann. Bot. Fenn. 3, 147–166.

Tolonen K. 1986. Rhizopod Analysis. In: 
Handbook of Holocene palaeoecology and palaeohy-
drology (Ed. Berglund B.E.). John Wiley & Sons Ltd, 
Chichester. pp. 645–666.

Tolonen K., Warner B.G. and Vasander H. 1992. 
Ecology of testaceans (Protozoa: Rhizopoda) in mires 
in southern Finland: 1. Autecology. Arch. Protistenk. 
142, 119–138.

Tolonen K., Warner B.G. and Vasander H. 1994. 
Ecology of testaceans (Protozoa: Rhizopoda) in mires 
in Southern Finland: II. Multivariate Analysis. Arch. 
Protistenk. 144, 97–112.

Udalov A.A., Burkovsky I.V., Mokievsky V.O., 
Stolyarov A.P., Mazei Yu.A. et al. 2004. Changes in 
the general characteristics of micro-, meio- and mac-
robenthos along the salinity gradient in the White 
Sea estuary. Oceanology. 44, 4, 549–560.

Vikol M.M. 1992. Rhizopods (Rhizopoda, 
Testacea) from the fresh-water bodies of Dniester 
river basin. Shtiintsa, Kishinev (in Russian).

Wang Ch. Ch. 1928. Ecological studies of the sea-
sonal distribution of protozoa in a freshwater pond. 
J. Morphol. 46, 431–478.

Warner B.G. 1987. Abundance and diversity of 
testate amebas (Rhizopoda, Testacea) in Sphagnum 
Peatlands in Southwestern Ontario, Canada. Arch. 
Protistenk. 133, 173–189.

Warner B.G. and Charman D.J. 1994. Holocene 
changes on a peatland in northwestern Ontario in-
terpreted from testate amoebae (Protozoa) analysis. 
Boreas. 23, 270–279.

Woodland W.A., Charman D.J. and Sims P.C. 
1998. Quantitative estimates of water tables and soil 
moisture in Holocene peatlands from testate amoe-
bae. The Holocene. 8, 261–273.

Zavarzin G.A. 2004. Lecture on ecological micro-
biology. Nauka, Moscow (in Russian).

Address for correspondence: Yuri A. Mazei. Department of Zoology and Ecology, Penza State Pedagogical 
University, Lermontova str., 37, 440026 Penza, Russia. E-mail: yurimazei@mail.ru

Editorial responsibility: Sergey Karpov

• Yuri A. Mazei and Andrei N. Tsyganov


