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Tomasz Mieczan (2009) Periphytic ciliates in three shallow lakes in eastern Poland: a comparative study
between a phytoplankton-dominated lake, a phytoplankton-macrophyte lake, and a macrophyte-dominated lake.
Zoological Studies 49(5): 589-600. The aim of this investigation was to determine the abundance and taxonomic
composition of periphytic ciliates in relation to selected physical, chemical, and biological factors in 3 shallow
lakes in eastern Poland, classified according to the alternate stable state theory as a phytoplankton-dominated
lake, a phytoplankton-macrophyte lake, and a macrophyte-dominated lake. Sampling from the reed stems
was done on a monthly basis from Apr. to Nov. during 3 yr. Numbers of periphytic ciliates of the reed surface
significantly differed among the studied lakes, with the lowest numbers in the macrophyte-dominated lake (37
species), a little higher number in the phytoplankton-macrophyte lake (43 species), and the highest number
in the phytoplankton-dominated lake (50 species). The same distribution pattern was observed for ciliate
abundances. Generally, the abundance of ciliates was positively correlated with temperature, total organic
carbon, nutrients, chlorophyll a, and the biomass of periphyton. However, the number of significant correlations
between the numbers of ciliates and environmental variables differed in the studied lakes. In the phytoplankton-
dominated lake, the density of ciliates was strongly correlated with the periphyton biomass, and concentrations
of chlorophyll a and total organic carbon; whereas in the phytoplankton-macrophyte and macrophyte-dominated
lakes, the density of ciliates was correlated with concentrations of ammonium-nitrogen, nitrate-nitrogen, and

total phosphorus. http://zoolstud.sinica.edu.tw/Journals/49.5/589.pdf
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The alternate stable state (ASS) theory
typically deals with shallow moderately productive
to productive lakes (Scheffer et al. 1993).
The 2 major groups of primary producers are
macrophytes and phytoplankton. The crux of the
ASS theory is that within an intermediate range of
nutrient loading, that is characteristic of moderately
eutrophic and eutrophic lakes, primary productivity
can be determined by either littoral macrophytes
or pelagic phytoplankton (Peckham et al. 2006).
According to the model of Scheffer et al. (1993),
the main controlling factor for the alternative states
is the turbidity of the water which regulates the
vertical light penetration. Scheffer and Jeppesen

(1998) proposed the existence of intermediate
states of lakes: macrophyte-phytoplankton- or
phytoplankton-macrophyte-dominated, depending
on the superiority of a given community. The
phytoplankton-dominated state, is characterized
by a higher phytoplankton population and with
little submerged vegetation. In phytoplankton-
dominated lakes, the development of macrophytes
may be inhibited by chemicals released by some
toxic algae, as well as retarded by a dense fur
of periphyton growing on the surface of the
vegetation. The 2nd, macrophyte-dominated
state is typical of lakes with transparent water and
large bottom areas covered by diverse beds of
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macrophytes, frequently composed of stoneworts,
water lilies, and pondweeds. The macrophytes
support rich communities of invertebrates, fish, and
birds. Macrophytes constitute a vast substrate for
the growth of periphytic communities. Periphyton
is a biological layer found in various substrata
in natural waters and consists of bacteria,
algae, fungi, protozoa, and small metazoans
(Hameed 2003). Periphytic ciliates as well as
other periphyton components were investigated
on both natural (stems, leaves, and stones) and
artificial substrates. However, still more attention
is paid to periphytic ciliates of river and stream
ecosystems (e.g., Baldock et al. 1983, Foissner
et al. 1992, Kaur and Mehra 1998, Madoni and
Zangrossi 2005). Among artificial substrates, the
most popular are glass slides due to their easy
application and because the results obtained
are very similar to those from natural substrates
(Kaur and Mehra 1998, Beech and Landers
2002). Periphyton growing on glass slides is quite
widely used to determine levels of water pollution
(Sladeckova 1994). Recent studies showed that
protozoa play a very important trophic role in
periphytic communities (Mieczan 2005). Among
these microorganisms, ciliates are the most
striking members and have long been of ecological
interest in shallow lakes (Jirgens and Jeppesen
1997, Jurgens et al. 2000, Declerk et al. 2005,
Mieczan 2007). During the 1960s and 1970s, few
papers appeared that focused on the abundance
and taxonomic composition of periphytic ciliata on
natural and artificial substrates in fresh water and
peatlands (e.g., Wilbert 1969, Nusch 1970, Groliere
1977). In recent years, interest has been renewed
in studies of colonization and successional patterns
of periphytic communities on artificial substrates
in eutrophic waters. Boothroyd and Dickie (1989),
Kaur and Mehra (1998), and Mieczan (2002
2007) reported the presence of similar epiphytic
communities on macrophytes and on natural and
artificial substrates (i.e., glass slides). In our study,
colonization of ciliates followed a similar pattern
on both types of substrates where Cyrtophorida
and Peritrichida dominated. However, little is
known about periphytic ciliate communities in
shallow, polymictic lakes, classified according
to the ASS theory as phytoplankton-dominated,
phytoplankton-macrophyte, and macrophyte-
dominated lakes. The aims of these investigations
were to determine the taxonomic composition
and abundance of periphytic ciliates in relation to
selected physical, chemical, and biological factors
in 3 shallow lakes, classified according to the ASS

theory.

MATERIALS AND METHODS
Study site

The study area comprised 3 shallow, poly-
mictic lakes in the Polesie Lubelskie region of
eastern Poland (51°N, 23°E): the phytoplankton-
dominated Lake Syczynskie (with a surface
area of 6.0 ha and maximum depth of 4.0 m),
phytoplankton-macrophyte Lake Sumin (with
a surface area of 91.5 ha and maximum depth
of 6.5 m), and the macrophyte-dominated Lake
Kleszczow (with a surface area of 53.9 ha and
maximum depth of 3.25 m). Lake Syczynskie
is characterized by intensive development
of emergent vegetation, dominated by reeds
(Phragmites communis Trin.) and temporal
blooms of Planktothrix agardhii (Gomont). In
Lake Sumin, the emergent macrophytes are
dominated by Phragmites communis Trin.
and the nymphaeidae (Nymphaea candida
Presl.). The phytoplankton was dominated by
cyanobacteria. In Lake Kleszczéw, well-developed
belts of emergent (Phragmites) and submerged
(Chara fragilis Desvaux) macrophytes dominate
the littoral. The phytoplankton community is
predominated by Chlorophyta (Kornijow et al.
2002). In the phytoplankton-dominated lake, the
periphyton community is dominated by filamentous
chlorophytes (mostly Cladophora sp.). Diatoms,
small chlorophytes and blue-green algae occurred
in the greatest proportion of the total abundance
in the phytoplankton-macrophyte and macrophyte-
dominated lakes. The physical, chemical, and
biological characteristics of water at these lakes
are summarized in table 1.

Sampling and enumeration of protozoa

Periphyton was collected from reed stems
at a depth of 0.5-1 m. Sampling was done on a
monthly basis from Apr. to Nov. 2004-2006. During
each sampling occasion, 6 periphyton samples
were collected. One sample consisted of 10 cm?
of periphyton taken from macrophyte stems using
a scalpel. In order to determine the density of
ciliates, 4 samples were fixed with Lugol’s solution
(1% v/v) and allowed to settled for at least 24 h
in plankton chambers. The ciliates were counted
and identified with an inverted microscope at
a magnification of 400-1000x. Ciliates are
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highly perishable, and their type of motility is a
species-specific feature; for this reason, species
determination and measurements were carried
out on live material immediately after return to the
laboratory and after silver impregnation (Augustin
et al. 1984). Taxonomic identification was based
primarily on Foissner and Berger (1996) and
Foissner et al. (1999). Biomass was estimated
by multiplying the numerical abundance by the
mean volume calculated from direct volume
measurements using appropriate geometric
formulas. An obvious shrinkage of stained
ciliates was noted with the protargol preparation.
Therefore calculated cell volumes were multiplied
by a correction factor of 0.4 (Jerome et al. 1993).

Physicochemical parameters

Water samples for chemical analysis were
taken simultaneously with the periphyton samples.
The following physical and chemical factors were
examined: water transparency, temperature,
pH, conductivity, total organic carbon (TOC),
chlorophyll (Chl.) a, ammonium-nitrogen (N-NH.),
nitrate-nitrogen (N-NOs), and total phosphates
(Ptwt). Water transparency, temperature,
conductivity, dissolved oxygen (DO), and pH
were recorded in situ using a multiparametric
probe (Hanna Instruments, Padova, Italy). TOC
was determined using a multiparametric UV
analyzer (Secomam, Alés, France), and the
remaining factors were analyzed in the laboratory
(Hermanowicz et al. 1976). Chl. a was determined
by a spectrophotometric analysis of the acetone
extract of the algae (Golterman 1969). After

drying at 105°C, the wet mass of periphyton was
measured.

Statistical analysis

All data collected were statistically analyzed
by means of general linear model (GLM) and
CORR procedures of the SAS Program (SAS
Institute 2001). Species abundances were
analyzed by the main effects analysis of variance
(ANOVA). The Shannon-Wiener diversity
index (H’) was calculated using the Multivariate
Statistical Package (MVSP) (Kovach Computering
Services 2002). In order to estimate the ciliate
species richness, different non-parametric
extrapolating indices based on incidence data
were used. The Beta diversity index, (B - 1) that
quantifies the change in species composition in
time or along an environmental gradient (Harrison
et al. 1992), was estimated by: B - 1 = {[(S/a) -
11/ (N - 1)} x 100, where S is the total number of
ciliate species recorded for each environmental
type; a is the mean number of species found in
the samples; and N is the number of sampling
units. A canonical correspondence analysis
(CCA) was performed to relate water chemistry
variables to ciliate occurrence. The CCA is a
direct ordination technique that selects linear
combinations of environmental parameters that
maximize the dispersion of species scores (Ter
Braak 1986, Jongman et al. 1995). All calculations
were performed in PC-ORD (McCune and Mefford
1997). A detrended correspondence analysis
(DCA), which only uses species data to constrain
the ordination, was used to analyze species

Table 1. Physical, chemical, and biological characteristics of the water of the investigated lakes (average

values 2004-2006 + standard deviation)

Lake Secchi depth Temperature H Conductivity ~ Dissolved oxygen N-NOs
(m) (°C) P (us/cm) (mg/L) (mg N/L)
Phytoplankton-dominated lake? 0.53 £ 0.10 143 +8.2 79+1.2 496 + 46 10.3+23 0.14 +0.02
Phytoplankton-macrophyte lake® 1.1 + 0.20 15373 74+12 376 £ 33 9320 0.021 £0.01
Macrophyte-dominated lake® 23 +0.25 15.2+8.4 7407 260 + 34 9 =20 0.002 + 0.001
Lake N-NH4 Prot Total organic carbon Chlorophyll a Periphyton biomass
(mg N/L) (mg P/L) (mg C/L) (ng/L) (mg/m?)

Phytoplankton-dominated lake? 0.46 + 0.11 320.1 + 231 74 +£11 130.6 £ 42.3 103.2 £43.5
Phytoplankton-macrophyte lake® 0.21 + 0.08 98.2+124 52 +038 476 + 12.6 84.2 +23.6
Macrophyte-dominated lake® 0.11 + 0.02 378+ 8.2 42 +0.9 266+ 6.8 67.2 +20.2

Trophic type: 2hypertrophic; Peutrophic; °mesotrophic.



592 Zoological Studies 49(5): 589-600 (2010)

assemblage differences between lakes.

RESULTS

Physicochemical parameters, species richness,
abundance, and biomass

Statistically significant differences among the
studied lakes were found in water transparency,
concentrations of Pwt, N-NO3s, N-NH4, Chl. a, TOC,
and periphyton biomass (F = 9.30-9.75, p < 0.0001,
ANOVA) (Table 1).

Altogether, 58 species of ciliates were
found in the investigated lakes. Differences in
the numbers of ciliate taxa among lakes were
statistically significant (F = 165.38; p < 0.0001,
ANOVA). The results from the non-parametric
extrapolating index demonstrated that the
observed richness represented 80%-93% of
the estimated richness (Fig. 1). The greatest

species richness (50 species) was found in the
phytoplankton-dominated lake, 43 species were
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Fig. 1. Results from the non-parametric extrapolating index of
the species richness of periphytic ciliates in the investigated
lakes.

Table 2. Composition of the major periphytic ciliate taxa found on reed stems in the investigated lakes

Taxon Phytoplankton-dominated lake

Phytoplankton-macrophyte lake  Macrophyte-dominated lake  Preferred habitat®

Cyrtophorida
Chilodonella uncinata (Ehrenberg, 1838)
Trochilia minuta (Roux, 1899)
Haptorida
Askenasia volvox (Kahl, 1930)
Dileptus margaritifer (Ehrenberg, 1838) +
Enchelys gasterosteus (Kahl, 1926)
Enchelys sp.
Lacrymaria olor (Mueller, 1786)
Paradileptus elephantinus (Svec, 1897)
Plagiopyla nasuta (Stein, 1860)
Spathidium sensu lato
Trachelius ovum (Ehrenberg, 1831)
Heterotrichida
Caenomorpha spp.
Climacostomum virens (Ehrenberg, 1838) +
Spirostomum ambiguum (Mueller, 1786)
Stentor sp. +
Stentor multiformis (Mueller, 1786)
Hymenostomatida
Colpidium colpoda (Losana, 1829 )
Dexiotricha sp. (Kent, 1881)
Frontonia leucas (Ehrenberg, 1833)
Lembadion sp.
Ophryoglena spp.
Paramecium bursaria (Ehrenberg, 1831)
Paramecium caudatum (Ehrenberg, 1833)

Paramecium putrinum (Claparede, Lachmann,
1859)

Philasterides sp. +
Scuticociliatida

Cinetochilum margaritaceum (Ehrenberg, +
1831)

+ o+ + o+ o+

+ o+ + 4+ 4+ o+ o+

P, B
P, B

+ PI
+ P, B
P, B
+ P, B
+ P, B
Pl
An
+ P, B, Pl
+ P, B, Pl

B, P
B, P
P, B, Pl
P, B

P, B
P, B, Pl
B, PI

+ o+ o+ o+

P, B, Pl
B, PI
+ P, B, Pl
P, B

+ + P,B,PI
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found in phytoplankton-macrophyte lake, and 37
species in the macrophyte-dominated lake (Table
2). It is necessary to point out; however, that the
species richness of ciliates was correlated with
the total density (Fig. 2). Correlations between
the B diversity and the sum of the coefficients of
variation of the limnological parameters were not
significant and suggested that species changes
were not related to limnological variability
(r=-0.37; p = 0.126). The diversity analysis
revealed a mean Shannon-Wiener diversity
index of 2.32 + 0.05. The highest diversity was
measured in the phytoplankton-dominated lake

Table 2. (continued)
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Fig. 2. Relationship between species richness and density.

100

Taxon Phytoplankton-dominated lake  Phytoplankton-macrophyte lake ~ Macrophyte-dominated lake  Preferred habitat®
Hypotrichida
Aspidisca cicada (Mueller, 1786) + + P, B
Euplotes sp. + + + P, B
Holosticha pullaster (Mueller, 1773) + + B
Stylonychia mytilus-complex + + + P.B
Urostyla grandis (Ehrenberg, 1830) + + B
Oligotrichida
Codonella cratera (Leidy, 1877) + PI
Halteria grandinella (Mueller, 1773) + P, B
Strombidium viride (Stein, 1867) PI
Peritrichida
Astylozoon sp. + PI
Carchesium sp. U
Epistylis sp. u
Phascolodon vorticella (Stein, 1859) + Pl
Pseudovorticella monilata (Tatem, 1870) + P B
Vaginicola crystalina (Ehrenberg, 1830) + + P
Vorticella convallaria-complex + + + P,B,E
Vorticella campanula (Ehrenberg, 1831) + + + P,B, E
Vorticella microstoma-complex + + + P, B
Vorticella natans (Faure-Fremiet, 1924) + + + PI
Vorticella sp. + + + P, B,PlLE
Pleurostomatida
Amphileptus claparedii (Stein, 1867) + + P
Amphileptus pleurosigma (Stokes, 1884) + + P, B
Amphileptus procerus (Penard, 1922) + + B
Litonotus cygnus (Mueller, 1773) + + P, B
Litonotus varsaviensis (Wrze$niowski, 1866) + PB
Litonotus sp. + + P, B
Loxophyllum meleagris (Mueller, 1773) P, B
Prostomatida
Bursellopsis sp. + + + PI
Coleps hirtus (Mueller, 1786) + + + u
Coleps spetai (Foissner, 1984) + + + PI
Holophrya sp. + + + B, PI
Prorodon sp. + + + P B
Nassulida
Chilodontopsis depressa (Perty, 1852) + P, B
No. of taxa: 58 50 43 37

2According to Foissner and Berger (1996): P, periphyton; PI, pelagial; B, benthos; E, epizoic; An, anaerobic; U, ubiquistic (occurring in

periphyton, benthos, plankton, and the epizoic zone).
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(H' = 2.63), and the lowest diversity was observed
in the macrophyte-dominated lake (H’ = 1.6). Of all
the ciliate species observed, 28 taxa were found
in the 3 lakes. Some species were only observed
in one of the lakes (a characteristic, exclusive
species). In the phytoplankton-dominated lake,
the greatest number of 6 taxa exclusive to this
lake was noted. These were: Astylozoon sp.,
Litonotus varsaviensis, Paradileptus elephantinus,
Paramecium caudatum, Phascolodon vorticella,
and Pseudovorticella monilata. In the macrophyte-
dominated lake, Chilodontopsis depressa,
Paramecium putrinum, and Philasterides sp.
exclusively occurred. Askenasia volvox was
only found in the phytoplankton-macrophyte
lake (Table 2). Numbers of periphytic ciliates
on reed surfaces significantly differed among
the studied lakes, with the lowest number in
the macrophyte-dominated lake (40 individuals
(ind./cm?), a little higher number in the
phytoplankton-macrophyte lake (49 ind./cm?),
and the highest number in the phytoplankton-
dominated lake (81 ind./cm?) (F = 155.33;
p < 0.0001, ANOVA). ANOVA indicated that
ciliate biomass was significantly higher in the
macrophyte-dominated lake (with a mean biomass
of 24.6 ng/cm?) than in the phytoplankton-
dominated and phytoplankton-macrophyte lakes
(20.2 and 18 pg/cm?, respectively; F = 111.2;
p < 0.0001). The dominance structure in all of
the lakes was similar. All of the studied lakes
were generally dominated by ciliates belonging
to Cyrtophorida (Chilodonella uncinata) which
constituted > 28% of the total numbers. Species
belonging to the order Cyrtophorida (Chilodonella
uncinata) constituted 39% to the total number

in the phytoplankton-dominated lake, while
species from the orders of Heterotrichida,
Oligotrichida, Peritrichida, Pleurostomatida,
Prostomatida, and Scuticociliatida constituted
7%-13%. The phytoplankton-macrophyte lake
mainly contained species belonging to the
order Cyrtophorida (Chilodonella uncinata),
which constituted 28% of the total number of
ciliates. Species belonging to the Heterotrichida,
Oligotrichida, Peritrichida, Pleurostomatida,
Prostomatida, and Scuticociliatida were also
important components (8%-17% of the total
numbers). In the macrophyte-dominated lake,
species belonging to the Cyrtiphorida (Chilodonella
uncinata), Oligotrichida (Codonella cratera), and
Heterotrichida (Stylonychia mytilus-complex)
respectively constituted 28.5%, 23%, and 15% of
the total number of ciliates. Ciliates belonging to
the other orders reached only 1.6%-6% of the total
number (Table 3).

Ciliate abundance and biomass were
characterized by spring-autumn maxima in the
phytoplankton-macrophyte and macrophyte-
dominated lakes, whereas in the phytoplankton-
dominated lake, abundance and biomass peaked
in spring, summer, and late autumn (Figs. 3A, B).
The highest abundances of ciliate communities
in the phytoplankton-dominated lake were
noted in May, July, and Oct. with dominance
by the bacterivorous Chilodonella uncinata and
Cinetochilum margaritaceum and mixotrophic
Coleps hirtus. In the phytoplankton-macrophyte
lake, maxima were noted in May and Oct. with the
dominance of Chilodonella uncinata, Cinetochilum
margaritaceum, and Amphileptus pleurosigma.
In the macrophyte-dominated lake, the highest

Table 3. Dominance structure of periphytic ciliate orders found on reed stems in the investigated lakes (%

of total numbers)

Taxon Phytoplankton-dominated lake Phytoplankton-macrophyte lake Macrophyte-dominated lake
Cyrtophorida 39 28 28.5
Hymenostomatida 2 1.6 1.6
Heterotrichida 8 8.6 14.68
Hypotrichida 4 3.7 3.13
Haptorida 2 2.3 1.7
Nassulida 0 0 1.13
Oligotrichida 7.2 13 18
Pleurostomatida 9 8.7 7
Peritrichida 7.2 7.5 6.4
Prostomatida 9 9.5 7

Scuticociliatida 12.73

17 1
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cell densities of ciliates occurred in May and
Nov. At that time, Chilodonella uncinata and the
Stylonychia mytilus-complex dominated (Fig. 4).

Correlation of environmental variables with
periphytic ciliate density

The DCA showed that species compositions
of ciliates differed among the investigated lakes
(Fig. 5). The ordination also separated the
sampling habitats quite well. The phytoplankton-
macrophyte lake and macrophyte-dominated
lake mostly had high scores on the 1st axis. The
phytoplankton-dominated lake was negatively
correlated with the 1st axis (Fig. 6). The
CCA was based on 10 physical and chemical
variables (water transparency, temperature, pH,
conductivity, TOC, Chl. a, N-NH4, N-NOs, and
Pwt). Chl. a, concentrations of TOC, periphyton
biomass, and N-NH4 were the main predictors for
ciliate assemblages (r = 0.50-0.69). The N-NOs,
Piwt, water transparency, and DO played less-

—-@--- phytoplankton-dominated lake
---B-- phytoplankton-macrophyte lake
—a— macrophyte-dominated lake

z

160
140 -

-
N
o

1001
80 1
60 1
40 -
20 1

Abundance (ind./cm?)

Apr. ' May ' June' July ' Aug. ' Sept.' Oct. ' Nov.
Months

=

Biomass (ng/cm?)

Apr. May June July Aug. Sept. Oct. Now.
Months
Fig. 3. Seasonal changes in abundance (A) and biomass (B) of

ciliates in the investigated lakes (average values for 2004-2006
+ standard deviation).

(A) Phytoplankton-dominated lake
[0 Aspidisca cicada g3 Cinetochilum margaritaceum
Chilodonella uncinata K& Coleps hirtus
4 Strombidium viride [ Vorticella companula
M Others

2
-
N
(=]

—

—

8 100 1 IIII iImmmn aé
£ 80, % . g - §
© 60 = I =
to B N B N E 8 BB
Sl B NN N =N

Apr. May June July Aug. Sept. Oct. Now.
Months

(B) Phytoplankton-macrophyte lake

£ Amphileptus pleurosigma [E5 Cinetochilum margaritaceum
Chilodonella uncinata X Coleps hirtus

E] Stentor coeruleus N Strombidium viride

O Vorticella companula W Others

[0
(=)

a o N
o O o

w
o

SV kEE
i
St

X
I
%

v
i
v

=

K

.

K

&
i1
5 Il
il

IERE

kY7

avas

Abundance (ind./cm?)

-
o
L

R H
(1]

o

Apr. May June July Aug. Sept. Oct. Nov.
Months

(C) Macrophyte-dominated lake

B3 Cinetochilum margaritaceum Chilodonella uncinata
Il Codonella cratera

[l Stylonychia mytilus-complex [ Vorticella companula
H Others

70
< 60 -
< 50 §
Ew i @ \
0 - — = —

Apr. May June July Aug. Sept. Oct. Nowv.
Months

Fig. 4. Changes in the abundances of the dominant protozoan
populations in the investigated lakes (average values for
2004-20086).



596

significant roles (r = 0.37-0.40). Classification
of environmental changes showed that axis 1
was most closely related to TOC and Chl. a and
reflects the reaction of ciliates to these factors,
while axis 2 was more closely related to the
temperature, conductivity, and nutrients. In the
CCA diagram, axis 1 accounted for 45% of the
total cumulative variance, while axis 2 accounted
for 28% of the variance in the ciliate data (Fig.
7). Ciliate communities could be divided into 2
groups. Aspidisca cicada, Chilodonella uncinata,
Cinetochilum margaritaceum, Codonella cratera,
Halteria grandinella, Holosticha pullaster, Stentor
sp., the Stylonychia mytilus-complex, and
Vorticella sp. were most frequent and abundant in
the phytoplankton-dominated lake where higher
concentrations of Chl. a and TOC were recorded.
On the other hand, Euplotes sp., Paramecium
bursaria, and Strobilidium viride were most
abundant in the phytoplankton-macrophyte and
macrophyte-dominated lakes and were correlated
with N-NHa, N-NOs, Py, and temperature (Fig. 7).

DISCUSSION

In the lakes examined, the highest species
diversity of ciliates was registered in the
phytoplankton-dominated lake, somewhat less

Axis 2

-1.0

Phytoplankton-dominated lake
Phytoplankton-macrophyte lake
Macrophyte-dominated lake

o

Vector scaling: 0,81

1.0+

Axis 1
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species diversity was found in the phytoplankton-
macrophyte lake, while the least was seen in the
macrophyte-dominated lake. The total number
of species in the phytoplankton-dominated lake
(50 taxa) was higher than that observed in other
studies (Mieczan 2002). To date; however, there is
a lack of data concerning comparisons of periphytic
ciliates in other types of lakes. Differences
between the observed species number in relation

Axis 2

Axis 1 20

o Phytoplankton-dominated lake
o Phytoplankton-macrophyte lake
o Macrophyte-dominated lake

Fig. 5. Sample plot of the detrended correspondence analysis
(DCA) of ciliate data.

Fig. 6. Canonical correspondence analysis (CCA) ordination diagram: limnological variable coordinates.
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to those estimated by non-parametric extrapolating
indices can be explained by the higher number of
non-periphytic species. According to Harrison et al.
(1992), the B diversity is expected to be positively
correlated with environmental parameters. This
hypothesis was not corroborated by the present
study.

Common species that occurred in all of
the lakes examined constituted a relatively
important group. It may therefore be presumed
that the composition of ciliates is not strictly
connected with a definite type of lake. Mieczan
(2005) investigated periphytic ciliates in 3 lakes
of different trophic statuses in Poland, and
stated that the Cyrtophorida, Scuticociliatida,
and Oligotrichida appeared in lakes from oligo-
to eutrophic, whereas Striidel-Kypke (1999)
stated that periphytic Cyrtophorida, Peritrichida,
and Prostomatida appeared in dystrophic bog
lakes of northern Germany. Domination by the
Cyrtophorida (mainly Chilodonella uncinata) in all
of the studied lakes could have resulted from its
wide ecological tolerance (Foissner and Berger
1996, Pérez-Uz et al. 1998, Mieczan 2005 2009).

Groups of characteristic (i.e., exclusive)
ciliates, which means that they occurred in only 1
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lake, comprising comparatively small numbers of
species, very often also have small frequencies
and numbers. The least numbers of these species
were ascertained in the phytoplankton-macrophyte
lake. Askenasia volvox was the only species
exclusively found in this lake. This species was
also observed in planktonic ciliate communities
in shallow lakes in an area of France, Germany,
and Poland (Sime-Ngando and Groliére 1991,
Packroff 1992, Mieczan 2007). The species
characteristic of a phytoplankton-dominated
lake was Paradileptus elephantinus. According
to some authors, this species was also seen in
eutrophic waters (Laybourn-Parry and Rogerson
1993). In groups of characteristic species of these
lakes, Astylozoon sp., Litonotus varsaviensis,
Paramecium caudatum, Phascolodon vorticella,
and Pseudovorticella monilata were also found.
Research carried out by Foissner et al. (1984) and
Belova (1988) confirmed that these species are
most often noted in lakes with various eutrophic
states. In contrast, in the macrophyte-dominated
lake, somewhat less-characteristic species
were noted, including: Chilodontopsis depressa,
Paramecium putrinum, and Philasterides sp.
According to Foissner et al. (1994), these species
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Fig. 7. Canonical correspondence analysis (CCA) ordination diagram showing the relation between environmental variables and
common ciliate species. Ask., Askenasia volvox; Asp., Aspidisca cicada; Chilod., Chilodonella uncinata; Cinet., Cinetochilum
margaritaceum; Col. hirt., Coleps hirtus; Col. spet., Coleps spetai; Cod., Codonella cratera; Euplot., Euplotes sp.; Halt., Halteria
grandinella; Holoph., Holophrya sp.; Par. bur., Paramecium bursaria; Par. put., Paramecium putrinum; Prorod., Prorodon sp.; Stent.,
Stentor sp.; Strom., Strombidium viride; Styl., Stylonychia mytilus-complex; V. com., Vorticella campanula; V. con., Vorticella convallaria-

complex.
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occur most often in strongly contaminated
water. Some of the exclusive species are typical
planktonic and benthic forms. These species
probably get at periphyton together with lake
water during sample collection. It also seems that
planktonic species use the littoral zone (including
periphyton mats) as a refuge. The share of
typical planktonic species visibly increased in
the phytoplankton-macrophyte and macrophyte-
dominated lakes. It is probable that macrophytes
offer the most attractive environment sufficient
for protozooplankton (Mieczan 2007). Some
benthic species in the periphyton were probably
stirred up by intensive wave action. However,
their abundances in the samples remained low,
and their ecological impacts on the periphyton
community are therefore likely to be small.
There are few reports on benthic ciliates being
resuspended in the water column in shallow
lakes (Nielsen and Kiorboe 1994, Zingel et al.
2006). In the phytoplankton-dominated lake,
the density and biomass of ciliates were higher
than that found in a phytoplankton-dominated
depression reservoir in Poland (Mieczan 2002).
According to Velho et al. (2005), the trophic state
is essential for determining patterns of variation
in spatial and temporal distributions of ciliates. It
seems that nutrients have an indirect influence
on the prevalence of ciliates through the control
of food abundance (mainly bacteria and algae)
(Urrutxurt et al. 2003, Mieczan 2009). The higher
abundance of protozoan in the phytoplankton-
dominated lake was mainly attributed to the
abundant algal life, and also the extensive
development of bacterial populations stimulated
by the decline of Planktothrix blooms may have
significantly increased the availability of protozoan
food resources (Biyu 2000). However, Zingel
et al. (2006) demonstrated that the density of
ciliates was closely correlated with the biomass
of cyanobacteria in lakes in Estonia. The higher
density of ciliates in the phytoplankton-dominated
lake may also have been the result of the type of
periphyton. In this lake, for the complete cycle
investigated, Cladophora sp. dominated, which
created periphyton of a ‘filamentous’ character.
This type of periphyton may create a significant
number of microsites for protozoa to use. In the
macrophyte-dominated lake, the rapid growth of
large macrophytes may absorb a large amount
of nutrients of algae, consequently decreasing
the growth of ciliates. In general, | observed the
highest ciliate biomass in spring and late summer
when predation pressure was low, whereas

ciliate populations were strongly reduced in early
summer when rotifer and epiphytic Chironomidae
abundances were high (Tarkowska-Kukuryk and
Mieczan 2008). The strong decline in ciliate
populations in early summer was frequently
reported in connection with strong predation
pressure by Cricotopus sylvestris (Tarkowska-
Kukuryk and Mieczan 2008). Significantly higher
biomass of protozoa in summer and autumn
(particular in the macrophyte-dominated lake)
could have been additionally related to the great
numbers of large-bodied forms, mainly of the
Stylonychia mytilus-complex. Similar seasonal
dynamic variations were observed among
periphytic ciliates in lakes with different trophic
statuses (Mieczan 2005).

CONCLUSIONS

The physical, chemical, and biological
parameters in the water influenced protozoan
abundances, and the numbers and strength of this
correlation significantly differed in individual lakes.
In the phytoplankton-dominated lake, the density of
ciliates was strongly correlated with the periphyton
biomass and concentrations of chlorophyll a and
total organic carbon, whereas in the phytoplankton-
macrophyte and macrophyte-dominated lakes,
the density of ciliates was correlated with
concentrations of ammonium-nitrogen, nitrate-
nitrogen, and total phosphorus. However,
differences in periphytic ciliate community structure
among the lakes were mainly driven by the trophic
state of the lake rather than by the dominance
of primary producers. The results indicate that
numbers of ciliates were seasonally variable.
Ciliate abundances were characterized by spring-
autumn maxima in the phytoplankton-macrophyte
and macrophyte-dominated lakes, whereas in
the phytoplankton-dominated lake, abundances
and biomass peaked in spring, summer, and late
autumn.
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