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CILIATES IN SMALL HUMIC LAKES
(MASURIAN LAKELAND, POLAND):
RELATIONSHIP TO ACIDITY AND TROPHIC PARAMETERS

ABSTRACT: Ciliate communities of 16 mid-
forest humic lakes (Masurian Lakeland, Poland)
were examined in relation to abiotic (pH, calcium,
conductivity) and trophic (chlorophyll a, total pho-
sphorus) parameters. Studies were carried out in pe-
lagial and littoral zones twice a year: in spring and
summer 1997. In most lakes Oligotrichida, mainly
representing of the genera Strombidium, Strobili-
dium, Halteria and Prostomatida (Urotricha, Co-
leps) dominated. Densities of the community varied
from 0.1 to 25.0 ind. ml™' and from 0.04 to 33.4
ind. mI™' in pelagial and littoral, respectively. Cilia-
te abundance was not dependent on trophic parame-
ters, but there were correlations between ciliate
abundance and abiotic parameters (pH, calcium and
conductivity), though different in spring and sum-
mer.
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1. INTRODUCTION

Cihiates constitute an important compo-
nent of the planktonic food webs 1n lake eco-
systems (Beaver and Crisman 1982,
Gates 1984, Porter ef al. 1985, Finlay
et al. 1988). They play a special role as con-
sumers of bacteria, detritus and phytoplank-

ton in environments rich in organic matter
(Finlay 1978, Sherr and Sherr 1984,

Giide 1989,Sanders efal. 1989) and 1n the
nutrients. They are an important food re-

source for higher organisms (macrozoo-
plankton) and therefore constitute a link In
the food chain from bacteria to metazoans
(Porter et al. 1979, Azam et al. 1983,
Fenchel 1987, Weisse 1991). In addition,
ciliates have been shown to serve as very sen-
sitive indicators of water quality (Henebry
and Cairns 1980). The primary factor con-
trolling the distribution of planktonic ciliates
1s quality and quantity of available food re-
sources (Pace 1982, Beaver and Crisman
1990). Bick and Drews (1973) suggested
that physicochemical conditions may be 1m-
portant as limiting factors for ciliates. Taxo-
nomic replacements in ciliate communities
occur along gradients of both increasing pro-
ductivity (Beaver and Crisman 1982) and
increasing acidity in softwater lakes (Bea-
ver and Crisman 1981). In Polish ecology
studies was noted only a few publications re-
garding abundance and taxonomic composi-
tion of ciliate communities 1n lakes of
different trophy (Weglenska ef al. 1983 —
mainly eutrophic lakes) and in humic Lake

Smolak and Piecek (Ejsmont-Karabin
et al. 1980).

Humic lakes with high concentrations of
humic matter have low levels of inorganic
nutrients and typical brown water colour re-
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duces light penetration, thus primary produc-
tivity 1s usually low (Tranvik 1988,
Tranvik and Sieburth 1989).

Data reported for softwater subtropical
lakes of Florida indicated that ciliates con-
tributed to 2-7% of the total zooplankton
biomass 1n the most acid lakes (pH 4.7—4.9)
and 20-30% in lakes near pH 5.2 (Beaver
and Crisman 1981). These authors showed
that with increased acidity, both the abun-
dance and biomass of total ciliates (Beaver
and Crisman 1981) and diversity and spe-
cies richness decreased (Beaver and Cris-
man 1989). However, studies performed by
James (1991) in five acid lakes on the
Katharine Ordway Preserve in Florida indi-
cate that protozoa appear to be unaffected by
pH. Also Amblard et al. (1995) demon-
strated that the major role in the develop-
ment of communities of microorganisms
(bacteria, picoplankton, flagellata and cili-
ata) 1n moderately acid lake 1n central
France play the high concentration of organic
carbon of allochtonous origin and the turbidity
of the water.

The aim of this study was to determine
the taxonomic diversity of ciliates related to
pH, and to 1dentify an impact of abiotic (pH,
calcium, conductivity) and trophic (chloro-
phyll a, total phosphorus) parameters on cili-
ate community 1n lake water 1n a series of 16
small mid-forest humic lakes in Masurian
Lakeland (Poland).

2. MATERIAL AND METHODS

Studies have been carried out 1n six-
teen small mid-forest lakes of different
morphometry, depth, acidity (from about
3.6 to 7.5) and trophic status (total phos-
phorus concentration of 13 to 229 ug 1™,
chlorophyll a 1.9 to 365.9 pug I'"). The
lakes are located in Masurian Landscape
Park of south region of the Great Masurian
Lakes (Poland). Most of the lakes adjoins a
peatbog formed by Sphagnum spp. and
covered by other plants characteristic of

peatlands and surrounded by pine-spruce
forest watershed. Of the sixteen studied
lakes twelve are brown water with low pH
values, calcium content and conductivity,
four are typical hardwater lakes (Tables 1

and 2).

Samples were taken on two stations:
pelagic — located in the deepest part of
each lake and littoral — at a border of a
moss vegetation zone, twice a year: In
April/May and July 1997. Ciliates were
collected with a 5-litre Bernatowicz sam-
pler, every 0.5-metre in shallow lakes and
1-metre 1n deeper ones, from the surface
to the bottom. Samples from all layers
were pooled together, carefully mixed
and 500 ml sample was fixed with Lugol’s
solution and stored in the dark at 4° C.
Each sample was condensed to 5-15 ml
and ciliates were determined and counted
under the NIKON microscope within 1
month storage. Three to four slides were
prepared from each sample and exam-
ined. Ciliates are highly perishable and
their type of motility is species specific
feature, thus species determination and
measurements were carried out on live
material immediately after return to the
laboratory. Taxonomic 1dentifications
were based especially on keys in Foiss-

ner and Berger (1996).

Temperature and dissolved oxygen
were determined in situ with an oxygen
probe. Chlorophyll a was determined by
the spectrophotometric analysis of acetone
extracts of algae (Golterman 1969). To-
tal phosphorus was analysed by spectro-
photometric determination according to
Standard Methods (1960). Total nitrogen
was analysed by the standard Kjeldahl pro-
cedure. Calcium content was determined
by method with EDTA addition and con-
ductivity by the Standard Methods.

In all tables and figures the study lakes
are ranked according to the increasing val-
ues of their mean pH.
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Table 1. Physical characteristic of the study lakes. Abbreviations: MVZ — moss vegetation
zone, SV — submerged vegetation, SC — sedge communities, D — dimictic, P — polymictic,
M — meromictic. Lakes are ranked according to the increasing values of their mean pH

(see Table 2).

Lake Mixis Area (ila) Max. depth  Type of littoral zone
Smolak Maty P 34 2 MVZ
Kruczy Staw D 2. 8 MVZ
Kruczek 4.2 4 MVZ
Kruczek Maly D 2.6 9 MVZ
Wesotek P 7.0 3 MVZ+SC
Zdruzno P 6.8 S MVZ
Borkowskie P 2.9 5 MVZ
Smolak n. Mal. P 2.0 2 MVZ
Smolak Wielki i 9.9 3 MVZ+SV
Seczek P 3.8 3.5 MVZ
Klimunt y 12.8 4 SC
Gryzlewskie P 4.3 5 MVZ+SC
Nicponek P 9.3 3 SC+SV
Lisunie M 3.8 9 SC+SV
Oczko P 9.5 4 SV
Linéwko P 7.0 g SV

3. RESULTS 2 taxa, Wesolek — 3) and relatively rich

3.1. TAXONOMIC DIVERSITY
OF CILIATES RELATED TO PH

The numbers of ciliate taxa in studied
lakes ranged from 2 to 13 in spring and from 1
to 17 in summer. The highest number of cili-
ate taxa was noted in Lake Lisunie (13 in
spring, 17 in summer), the lowest in Lake
Zdruzno (2 1n spring, 1 in summer). In more
acidic lakes markedly more ciliate species
were found in spring than in summer. In
spring, in lakes of pH 5.0 or lower more cili-
ate taxa were observed in littoral than in pela-
gial and the lakes were both poor (Zdruzno —

(Kruczek, Kruczek Maty — 11) in species (Ta-
ble 3). This may suggest that pH does not
have decisive effect on ciliate diversity. Dur-
ing summer stagnation period both sampling
sites of the study lakes were similar as re-
gards the number of ciliate taxa. In lakes of
pH below 6.2 maximum 5 taxa were re-
corded, whereas in lakes of pH 6.9-7.5 the
number of ciliate taxa varied between 6 and
17 (Table 4). Thus, it seem that in summer the
number of species is dependent on pH.

During the study period most of the lakes
were dominated by species belonging to the
order of Oligotrichida (Strombidium sp.,



Table 2. Chemical characteristics of the study lakes — spring (left) and summer (right) values are given of pH, chlorophyll a (ug 1", total
phosphorus (png I""), calcium (mg "), and conductivity (1S cm™'). Lakes are ranked according to the increasing values of their mean pH.

Gl

pH Chlorophyll a Total phosphorus Calcium Conductivity

G Pelagial Littoral Pelagial Littoral Pelagial Littoral Pelagial Littoral Pelagial Littoral
Smolak Maly 37339 - 30:82 ISR ILL 1] O] 1652229 60115 T03 08 73 ; 80 b B A
Kruczy Staw 3988 PN ET BRIAN: 213 2933 18:36 -1 3.7 90 20 ; 28 e
Kruczek $1:44 "$0:83" 719308 1113 46302 37:3% 265 208 30 3580 o L , 20
Kruczek Maty %2345 4330 %3606 45,156 26 ; 34 43505 - 16:132 38109 + 18 , 18
Wesotek 30:4.8 4.5 : 4.6 43:19 59 3.8 48 ;: 13 20¢-1) 14 :52 2.8:2.08 38 ; 37 23:23
Zdruzno 54:46 SD: 88 : 45019 Wi 332 15; 38 e G 4.2:54 4.2 ; 3.44 28 : 32 2827
Borkowskie 86:57 47 :53. 8180 6000 99 ; 26 52:30 30:495. 30:438 21 ;28 29 5 28
Smolakn . Mal. 41:;359 42:60 188;208 126208 30N 223 IR8:423 4D:40 80 ; 20 n ;22
Smolak Wielki  4.9;5. $50:33 433093 41 N4 - 127358 o937 52183 10838 43 ; 60 48 ; 50
Seczek 4.0;6.] 4.3:60 GO8:208 655249 63,30 82:34 . 62:473 10:899 L 28:23
Klimunt §3:57 $3:87 1348 121122 49 : 27 4328 38:439 12:386 25 ;40 35: 35
Gryzlewskie $4:62 5162 - "MT7:44 W9 22 61 34 373 66:518 36 45] 48 ; 25 32 ;30
Nicponek 5.0 5 80 S8 T3 -2T0 8 2.5 X8 85 ; 68 78:76.-68:374 -72:629 48 : 47 50 :; 30
Lisunie T 7.1 6.8:6.9 9.2 :4.1 bl:db 19 : 33 17:19. 606857 080331 372:379 392:379
Oczko IR I8 = 1Y 130008 W3 VN 195:56 534312 “506198 266200 - - 266;212
Lin6wko TE:383 (&7 AL 119 167589 . 48129 T4:98 50314 548317 - 259193 - 5193

eysmoulfey eukisAry
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small Strobilidium, Strobilidium > 30 um
and Halteria sp.); second in importance
were the Prostomatida (Coleps spetai, Co-
leps hirtus, Urotricha sp., Holophrya sp.)
and Peritrichida. In spring Scuticociliatida
(in Iittoral of Lake Kruczek Maty and
Lindowko) and Tintinnids (in pelagial of
Lake Kruczy Staw and in littoral of Lake
Gryzlewskie) dominated (Table 3). In sum-
mer ciliates bearing algae: Stentor sp. (Het-
erotrichida) in pelagial of Lake Nicponek
and probably Bursellopsis sp. (Prostoma-
tida) in littoral of Lake Smolak Wielki were
more abundant (Table 4). Mixotrophic
Strombidium sp. with symbiotic zoo-
chlorellae was the most frequent species
occurring in both pelagial and littoral sam-
ples of lakes with pH of a range 3.9-7.1.
The genus constituted 32—-86% of the total
ciliate numbers in spring and 49-82% in
summer. In five lakes (Kruczy Staw, Kruc-
zek, Zdruzno, Borkowskie, Smolak n.
Malinowko) it was the only species noted in
summer. Strobilidium humile markedly
dominated in pelagial of Lake Smolak
Wielki in spring, contributing to 94% of the
total abundance of ciliates. Small filter-
fteeding  bacterivorous  scuticociliates
(mainly Cyclidium sp. and Uronema sp.)
and the order of Peritrichida were most
abundant in lakes of high pH. In spring Pe-
ritrichida were limited to littoral zone of
more acidic lakes, whereas in summer they
occured only 1n lakes of the highest pH. Co-
leps spetai and C. hirtus showed the maxi-
mum abundance mainly in lakes with high
pH (Lisunie and Linéwko).

3.2. ABUNDANCE OF CILIATES
RELATED TO PH AND TROPHIC
PARAMETERS

The abundance of ciliate community
during spring circulation period varied
from 0.1 to 25.0 ind. mI™' and from 0.04 to
5.7 ind. ml™' in pelagial and littoral zones,
respectively (Fig. 1). The highest number
of ciliates in pelagial was observed in Lake
Smolak Wielki (pH 4.9) during the mass

development of small Strobilidium sp.,
which constituted about 96% of the total
density of ciliates In lakes Wesolek and
Zdruzno (pH 3.9 and 5.4) the lowest abun-
dances of ciliates (<0.2 ind. ml™") were re-
corded. In littoral the highest numbers of
ciliates were noted in Lake Kruczy Staw
(pH 3.7) and Lisunie (pH 6.8). The abun-
dances of ciliate communities in spring
both 1n pelagial and littoral were high in
lakes with both low and high pH.

In summer stagnation period the abun-
dance of ciliates ranged from 0.2 to 10.8
ind. ml™' and from 0.04 to 33.4 ind. ml™' in
pelagial and littoral, respectively (Fig. 1).
Only one lake — Smolak Maty (the most
acidic of pH 3.9 in pelagial and 4.2 in litto-
ral) was completely devoid of ciliates. The
maximum numbers of ciliated protozoa
were noted in lakes with the highest pH val-
ues, 1. €. Linéwko, Lisunie, Oczko and
Nicponek (Table 4). In summer, generally,
ciliate numbers decreased with increased
acidity. They were higher in pelagial than
littoral, except of Lake Linowko where lit-
toral values were ten times higher than pe-
lagial ones.

Statistical analysis using data from
both types of sites and periods revealed that
trophic parameters (chlorophyll @ and total
phosphorus) were no significantly related
to ciliate numbers (Table 5). The only sig-
nificant and positive linear correlations oc-
curred between ciliate densities and pH
(Fig. 2), conductivity (Fig.3) and calcium
(F1g. 4). However, as shown in Table 5, cili-
ate abundances were more dependent on
these abiotic parameters in summer than in
spring.

The absence of statistical relationship
between ciliate numbers and chlorophyll a
concentrations in both study periods may
be explained by the fact that ciliates are se-
lective to algae food. Total phosphorus is
the another factor not influencing directly
the abundance of ciliates.



Table 3. The composition and abundance of the major ciliate taxa in pelagial (P) and littoral (L) of humic lakes of Masurian Lakeland in spring.

e <0.1ind. mI™", + 0.1-1.0 ind. mI”', ++ between 1.0 and 10.0 ind. mI™', +++ >10.0 ind. mI™'". Lakes are ranked according to the increasing values

of their mean pH (see Table 2).
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Table 4. The composition and abundance of the major ciliate taxa in pelagial (P) and littoral (L) of humic lakes of Masurian Lakeland in summer.
e <0.1ind. ml"', + 0.1-1.0 ind. ml”', ++ between 1.0 and 10.0 ind. ml"', +++ >10.0 ind. ml™'. Lakes are ranked according to the increasing values of their mean

pH (see Table 2).
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Fig. 1. The abundance of ciliates in humic lakes of Masurian Lakeland. Lakes are ranked according to the
increasing values of their mean pH (see Table 2)

Table 5. Linear correlation coefficients between ciliate abundance and abiotic and trophic
parameters in humic lakes of Masurian Lakeland. Ca — calcium, TP — total phosphorus.
Significant correlations are marked with stars. Correlations are positive and significant at
the 95 % confidence level.

Independent variable Spring Summer Spring + Summer
r F n r ' n r P n

pH 18y 0432 30 0474:°0011 286% 326 0013 58*

Ca 0.154 0418 30 0582 0.001 28* 0.263 0.046 58*

Conductivity S48 Rarl 20 04855 0015 28* 0310 0023 54*

aF IR e 3 Q215 023y 28 0210 0220 5B
Chlorophyll 008 0801 30 0137 0707 28 -001 0819 358
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Fig. 2. Relationship between
ciliate numbers and pH In
humic lakes of Masurian
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Fig. 3. Relationship between
ciliate numbers and
conductivity in humic lakes
of Masurian Lakeland

Fig. 4. Relationship between
ciliate numbers and calcium
in humic lakes of Masurian
Lakeland
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4. DISCUSSION

Data referring to ciliated protozoa in hu-
mic lakes have been little studied (e.g.
Ejsmont-Karabin er al. 1980, Beaver
et al. 1988, Jarvinen 1993, Carrias et al.
1994, Amblard et al. 1995, Sarvala et al.
1999). The abundance of ciliates (0.04-33.4
ind. mI"") found in most of the studied humic
lakes presented in this paper are generally
much lower than values reported in the litera-
ture. Number of ciliate communities were
only similar to the study values in two lakes
of pH < 4.5 reported for Poland and described
in Ejsmont-Karabin et al. (1980). Jarvi-
nen (1993) recorded 5-26 cells ml™' in acidi-
fied mesohumic forest Lake Iso Valkjdrvi in
southern Finland. In a humic Lake Vassiviere
in Central Massif of France Carrias ef al.
(1994) noted ciliate abundance of 1.4-20.4
cells ml™' (mean 4.8 cells ml™"). Similar den-
sities of > 20 cells m1™' were found also in hu-
mic slightly acid subtropical lakes (Beaver
et al. 1988), 1-27 cells ml™' in Lake Con-
stance in the 0—6 m layer of depth (Weisse
1990) and 3-12 cells ml™' in 12 Finnish bo-
real lakes (Sarvala ef al. 1999). However,
this difference was probably a result of differ-
ent pH of lakes and different methods of esti-
mation. Range of pH values cited in literature
was higher than that in lakes described 1n this
paper (from 3.6 to 7.5). Beaver and Cris-
man (1981) who investigated planktonic
ciliate communities in softwater subtropical
lakes (pH 4.7-6.8) noted the sharpest reduc-
tion both the total numbers and biomass of
ciliates in lakes < 5.0 pH. Crisman and
Brezonik (1980), concluded that increased
acidity is accompanied by a reduction in both
the number of species and the abundance of
the total zooplankton in subtropical lakes.
This trend is less obvious in Masurian humic
lakes. In lakes with pH below 5.0 ciliate den-
sity was < 25.0 ind. mI”' in spring and < 3.9
ind. ml™' in summer. In lakes with pH > 5.0
ciliate abundance varied from 0.04-7.0 ind.
ml ' in spring and from 0.04-33.4 ind. ml™'in
summer. In Lake Smolak Maty in summer

ciliates did not occur. This lake was charac-
terized by low temperature (mean 15.6 °C),
dissolved oxygen concentration (3.6 mg PN
and low transparency (0.25 m) i1n comparison
to other lakes. Perhaps these parameters were
limiting factors for ciliates.

Beaver and Crisman (1981) have
shown positive relationship between pH and
ciliate numbers. In this study when data were
used from both types of sites and periods the
positive relationship was observed between
ciliate numbers and abiotic parameters (pH,
conductivity and calcium). In fact, the three
parameters are interrelated as low pH 1s a re-
sult of low and reduce content of calcium,
which determine conductivity. The results of
this study suggest that abiotic factors are
more important than trophic parameters 1n
distribution of protozoan ciliates. However
this dependence is more significant in sum-
mer than 1n spring.

Pace (1986), Beaver et al. (1988) and
Sarvala et al. (1999) have demonstrated that
both total phosphorus and chlorophyll a con-
centrations are significantly related to ciliates
abundance. Less acid lakes tended to have
higher nutrient concentrations (Brezonik
et al. 1984) and higher abundance of ciliates.
The above statements were not supported 1n
this study, in which total phosphorus did not
decide on abundance of ciliates. Statistical re-
lationship between these variables were not
found. A lack of significant correlation be-
tween chlorophyll a and ciliate density 1n
Masurian humic lakes may be interpreted by
a fact that ciliates feed on a few algae species
(Pace 1982). The majority of chlorophyll a
in most of the studied lakes, especially 1n
summer was associated with algae Gonyos-

tomum semen (60 X 40 um) which 1s sensitive
to disturbance because of changing pH, tem-
perature and due to preservation and may be
overlooked in fixed samples. This species
contains chlorophyll a and may constitute
substantial part of the phytoplankton biomass
and concentration of chlorophyll a (Korna-
towska — personal communication). This ob-
servation confirms results of earlier
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investigations 1n eutrophic lake Esthwaite
(Laybourn-Parry ef al. 1990). These
authors stated that a large part of chlorophyll
a 1s built in cells too large to be consumed by
protozoa. Only high ciliate numbers in spring
in Lake Smolak Wielki (about 25.0 ind. m1™)
seem to be response to the phytoplankton
spring bloom (chlorophyll a concentration

amounted to 43 pg 7).

From one to seventeen ciliate taxa were
found 1n pelagial and 1 to 12 in littoral. The
values were similar to those noted in pelagial
of other lakes of comparable pH. Henebry
and Cairns (1984) found in wetland acid
lakes 1-12 species, in lakes of pH 3.6 — 1 spe-
cies and in lakes of pH 4.7 — 6 species.
Ejsmont-Karabin et al. (1980) reported
11-13 species for the study conducted in two
humic lakes in Poland. Several authors have
reported decreasing numbers of species with
decreasing pH 1n humic lakes. Beaver and
Crisman (1989) concluded that the number
of species was significantly lower in acid

oligotrophic lakes (8-13) than in nonacid
lakes (6-21).

Taxonomic replacements in ciliate com-
munities occur along gradients of both in-
creasing productivity and increasing acidity
in softwater lakes (Beaver and Crisman

1981, 1982). The authors observed that

smaller ciliates of 20-30 um size were pro-
gressively replaced by larger ciliates (40-50

iwm) with decreasing pH.

The ciliate species composition in humic
lakes of Masurian Lakeland is similar to that

reported in other papers (e.g. Carrias et al.
1994, Amblard et al. 1995).

In accordance with data reported for hu-
mic lakes (Pace 1982, Beaver and Cris-
man 1989) ciliates were dominated by the
order Oligotrichida (mainly in lakes of low
pH) which are typical of many lakes in the
temperate region (e.g. Mathes and Arndt
1995) and the dominant order in oligotrophic
situations (Beaver and Crisman 1982,
Hunt and Chein 1983). In this study ciliate
communities were mainly composed of

mixotrophic Strombidium sp. The genus is a
significant component and often dominate in
ciliate communities in many lakes of all lake
types (Beaver and Crisman 1989, Miiller
1989). These results are in good agreement
with the statement of Carrias et al. (1998),
who demonstrated that the relative impor-
tance of Strombidium was markedly higher in
summer than in spring.

Filter-feeding bacterivorous groups of
ciliates (Scuticociliatida, Peritrichida and
small Strobilidium sp.) were characteristic
for lakes of higher pH. Miiller (1989)
showed that Scuticociliatida in Lake Con-
stance form a significant part of the ciliate
community only in profundal mainly in sum-
mer and autumn. Their importance increase

with eutrophication (Beaver and Crisman
1990).

Omnivorous Coleps spp. the genus char-
acteristic for eutrophic water bodies (James

et al. 1995) dominated in pelagial of lakes of
pH > 7.0.

The studies showed that ciliate commu-
nity i1s determined by pH mainly in summer.
In spring additional factors may be important
or they may mask the pH effect (James
1991). Pace (1982), Gates (1984) and
Weisse (1990) demonstrated that concentra-
tions of appropriate food (bacteria, nanoflag-
ellates, algae) are probably the major
regulator of abundance, biomass and diver-
sity of planktonic heterotrophic ciliates.
However, most authors (Miiller 1989, Car-
rick and Fahnenstiel 1990, Berninger
et al. 1993, Laybourn-Parry 1994, Car-
rias ef al. 1998) affirm that predation by co-
pepods and cladocerans probably plays a
major role in controlling the abundance of
planktonic ciliates in temperate lakes. The
study lakes contained high proportion of
mixotrophic taxa, and thus may be less de-
pendent on bacterial food. Further studies are
needed to estimate an effect of food resource
and the impact of macrozooplankton on cili-
ates .
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5. SUMMARY

The ciliate abundance and species composition
were analysed in 16 mid-forest humic lakes of Masu-
rian Lakeland (Poland) in pelagial and littoral zones
twice a year in relation to abiotic and trophic parame-
ters. The lakes are characterized by the wide range of
pH and other physicochemical parameters (Tables 1|
and 2). Most of the studied lakes were generally domi-
nated by ciliates belonging to the order of Oligotrichi-
da (Strombidium, Strobilidium, Halteria) and
Prostomatida (mainly Coleps spetai and Coleps hir-
tus). In summer pelagial and littoral were occupied
mainly by mixotrophic Strombidium sp. In some lakes
they were the only recorded species. Strobilidium
spp.. Halteria sp. and in less acid lakes Coleps spp.
were often dominants (Tables 3 and 4). In spring the
numbers of ciliates were high in lakes with both low
and high pH. In summer the maximum numbers of ci-
liate were noted in lakes of high pH (Fig. 1). The nu-
mbers of ciliate were dependent on pH (Fig. 2)
conductivity (Fig. 3) and calcium (Fig. 4), whereas
correlation between ciliate numbers and trophic para-
meters (chlorophyll a and total phosphorus) was not
observed (Table 5).
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