Limnological Review 8, 3: 87-96

Seasonal changes of environmental conditions in the phytolittoral
zone of Lake Ostrowite in the Bory Tucholskie National Park

Malgorzata Chobot*, Krzysztof Banas**

*University of Gdansk, Department of Oceanography and Geography, Pifsudskiego Av. 46, 81-378 Gdynia, Poland;
e-mail: mch@ocean.univ.gda.pl
** University of Gdansk, Department of Plant Ecology, Legionéw 9, 80-441 Gdansk, Poland; e-mail: dokkrb@ug.gda.pl

Abstract: The environmental conditions of submerged vegetation in Lake Ostrowite (the Bory Tucholskie National Park) were examined
at monthly intervals from July 2004 to December 2006. The seasonal variability of environmental features was determined based on
3-5 water and sediment samples collected each time in the central part of the aquatic plant population’s home range (4-5 m deep). The
following properties were measured in the water: pH, conductivity, redox, colour and concentrations of Ca, CO,, HCO,, CO,* and humic
acids (HA). Apart from pH, conductivity, redox and Ca content, hydration and organic matter content were determined in the sediment.
The analysis of variance showed that conductivity, concentrations of HCO,” and humic acids and colour are constant in the water, while
in the sediment all the studied features except pH. It is worth mentioning that in spring water redox was very changeable (-178-110
mV), whereas in the sediment it was always negative (-140 £86 mV). In summer water (7.65-8.28) and sediment (6.92-7.91) pH was
higher than in spring (p<0.001). The remaining properties were almost the same as in spring and did not show statistically significant
differences. In autumn variations were recorded only in the water: pH (7.30-7.57; p<0.001) and CO, concentration (8 +1 mg I''; p=0.044)
were lower than in summer, while redox (179 £1 mV; p=0.004) and Ca concentration (41.9 £0.8 mg I''; p = 0.020) were higher. In winter
only water pH was lower than in summer (7.50-7.60; p=0.001), and the remaining features did not exhibit any variations in relation
to the other seasons. The low variability of the aquatic environment features of Lake Ostrowite guarantees favourable conditions for
the growth and development of submerged plants. On the other hand, well-developed submerged vegetation dominated by stoneworts

maintains the stability of the conditions in the lake.
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Introduction

The environmental conditions in water bodies
are constantly changed by various natural and human-
induced factors. The features of the physico-geographi-
cal environment of the catchment area, as well as the
morphometric parameters of the water body and its
hydrological regime, accelerate or block the supply of
organic matter to the lake, which affects its trophic level,
water pH and hardness, its electrolytic conductivity
and colouring, light and oxygen availability, and conse-
quently plant species diversity. Due to the great natural
ability of lakes to accumulate energy and matter, their
limnological properties are gradually transformed with
time (Lange 1986). The differences in the pace and
character of lake evolution result from the variation in
the morphometry of lake basins and a varied impact of

their catchment areas (Bajkiewicz-Grabowska 2002). A
heightened human-induced pressure leads to the trans-
formation of water bodies, mainly in the processes of
eutrophication, acidification and humication.

Lake Ostrowite is one of the best preserved
lakes in the Bory Tucholskie National Park. It is situat-
ed in the district of Chojnice, 9 km to the north of the
town Chojnice and 7 km to the north-east of the place
Charzykowy. It is the first water body of the system
called Struga Siedmiu Jezior (Seven Lakes Stream).
What is more, it is the biggest (280.7 ha) and deepest
(max. depth 43 m, mean 10.7 m) lake in the Bory Tu-
cholskie National Park (Zdanowski 2004). It lies 124.2
m above sea level; it is 3900 m long and 1050 m wide;
its basin capacity is 29,989,800 m’ (Choinski 1991). A
long peninsula in the southern part divides the lake
into a bigger western basin and smaller eastern one.
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The lake belongs to seasonal flow-through wa-
ter bodies (with an outflow to the north) and does not
have surface tributaries (Nowicka 2006). The catch-
ment slopes are fairly steep. In terms of the lithology
of surface deposits, the catchment is of a clayey-sandy
character (Bajkiewicz-Grabowska 2004). Podzolic
soils developed here on the dominant outwash sands
(Dabrowska and Goszczynski 2000). The drainage ba-
sin has a surface area of 927.4 ha, 94.6% of which being
covered by forests, mainly fresh coniferous ones, and
the rest by meadows (Bajkiewicz-Grabowska 2004).
Thanks to such conditions the lake has been subjected
only to insignificant human-induced pressure.

The shore and bottom slopes of the lake basin
are steep. The bottom sediments are composed of la-
custrine chalk, calcareous gyttja and sands (Nowicka et
al. 2002). Under such conditions the phytolittoral zone
is dominated by stoneworts, which constitute the most
numerous group of macrophytes (87.2% of biomass)
and cover 25% of its total area (Chmara 2006). Nine
species of the genus Chara, 3 of Nitella and 1 of Nitel-
lopsis were recorded among the stoneworts (Chmara
2006). Small fragments of the bottom, especially in
bays, are overgrown with pondweed patches, mainly
Potamogeton filiformis Pers. Myriophyllum spicatum L.,
Elodea canadensis Rich. and Batrachium circinatum are
also present. Submerged mosses, including the domi-
nant Fontinalis antipyretica Hedw., can be found as
well (Dabrowska and Goszczynski 2000).

The lake is classified as bradymictic with a 7-m-
deep epilimnion. During the summer stagnation oxy-
gen content decreases with depth. Only trace quanti-
ties of oxygen were recorded at 18 m. However, below
40 m anaerobic conditions prevail (Marszelewski and
Jutrowska 2000). The water is transparent, character-
ised by high visibility and classified as of first-class
purity. Consequently, the lake is considered to be one
of most valuable hardwater lakes in Poland in terms of
nature (Zdanowski and Stawecki 2004).

The aim of this work was to describe the en-
vironmental conditions of submerged plants in Lake
Ostrowite and to determine their seasonal changes.
The study consisted in the estimation of the physico-
chemical water and sediment properties within the
range of plant occurrence on the basis of monthly
measurements over a period of three years.

Material and methods

The study was conducted in the years 2004-
2006. Samples for the physico-chemical analyses of
water and sediment were collected once a month from
July 2004 to December 2006. Each time 3-5 water and
sediment samples were taken from the central part of
the submerged plant population’s range (4-5m deep),
as the greatest plant biomass is located there (Spence
1982; Klosowski 1992; Chmara 2008). Moreover, the
fieldwork at the site consisted in measuring visibility
(using the Secchi disc), water temperature and oxygen
content (with the OXI 96 oxygen meter with an EOT
196 electrode) and relative light intensity (with the LI-
250 Light Meter) in the depth profile.

All the water and sediment samples were
transported to a laboratory, where they were kept
in a refrigerator at 4°C. The physico-chemical water
and sediment analyses were performed according to
methods recommended by Hermanowicz et al. (1999)
and Eaton et al. (2005). In the water samples, pH (320/
SET-1 pH meter with a SENTIX 97T electrode), elec-
trolytic conductivity (LF 95 conductivity meter with
a TETRA-CON 96 electrode) and redox potential
(320/SET-1 pH meter with a METTLER P14805-S7/
120 glass electrode) were measured. In addition, water
colour was estimated by a comparative method on the
platinum-cobalt scale. The following concentrations
were determined: of calcium (by a complexometric
versenate method in the presence of calcess as an
indicator), of free carbon dioxide (by titration with a
standard NaOH solution using phenolphthalein as an
indicator), of hydrogen carbonate (by water titration
with a standard HCI solution using methyl orange as
an indicator), of carbonate (by titration with a stand-
ard HCI solution with phenolphthalein) and of humic
acids (with a UV/Vis Aquamate spectrometer with a
wavelength of 330 nm).

In the sediment, just as in the water, pH, electro-
lytic conductivity, redox potential and calcium content
(after extraction from dry sediment with hydrochloric
acid) were measured. Moreover, hydration (after dry-
ing of fresh sediment in a dryer at 105°C) and organic
matter content (residue after ignition of dry sediment
in a muffle furnace at 550°C) were determined.
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Results

ENVIRONMENTAL CONDITIONS OF SUBMERGED PLANTS

Water in the central part of the phytolittoral
zone is characterised by a slightly alkaline pH (7.30-
8.24; Me=7.60). Its electrolytic conductivity is high
(186 £26 uS cm; Me=181), which is indicative of a
high concentration of dissolved mineral salts, espe-
cially calcium ions (34.7 £7.5 mg "' Ca; Me=32.9). Re-
dox potential is very variable, but oxidation processes
dominate (Eh 12 +170 mV; Me=106). Free CO, con-
centration is low (11 £3 mg 1" CO_; Me=10). The water
lacks carbonate, but hydrogen carbonate concentra-
tion is high and not very changeable (156 +14 mg I
HCO,’; Me=158). Water colouration is very weak (9 £3
mg I Pt; Me=9), which indicates a low content of dis-
solved organic matter, especially humic acids, whose
concentration reaches 4.1 £0.8 mg 1" HA (Me=4.2).

Sediment pH is generally close to neutral, but it
ranges from slightly acid to slightly alkaline (pH 6.56-
7.86; Me=7.30). Calcium content is considerable (32.7
7.2 mg Ca g'd.w.; Me=30.5). Electrolytic conductivi-
ty is almost twice as high as in water and characterised
by greater variability (334 £195 pS cm'; Me=335). In

A 0, [mgI"}; T[°C]
0 10 20 30
O L 1

[

i

Depth [m]

[oc]
\
~

12

0, [mg I"}; T [°C]
B o 5 10 15

IN

Depth [m]

the sediment, reduction processes prevail, and redox
potential is negative (-179 £76 mV; Me= -190) despite
the mineral character of the sediment. Organic matter
content (1 £1%; Me=1) and sediment hydration (28
1+8%; Me=25) are very low.

The study showed that water is very well oxy-
genated in the plant occurrence zone (to a depth of
10 m). In the thermocline (6-7 m deep) it remained at
a level of 12.2 mg 1" O, (Fig. 1). During summer stag-
nation a decrease in temperature was observed: from
24.2°C close to the surface to 8.8°C at a depth of 10 m.
Visibility in water was very good (8 m). Light intensity
gradually fell with depth, which indicates the optical
uniformity of this environment (Fig. 1). The relative
amount of PAR that reached a depth of 10 m consti-
tuted 1.3% of the value falling on the water surface.
What is more, temperature and oxygen distribution
analysed in spring 2006 showed (Fig. 1) that oxygen
concentration was slightly higher than in summer.
However, water oxygenation was about 90% and tem-
perature was much lower. From a depth of 2 m water
temperature and oxygenation were balanced in the
entire profile. Light intensity gradually decreased with
depth. At 8 m there was only 0.2% of light falling on
the water surface (Fig. 1).
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Fig. 1. Distribution of oxygen (1), temperature (2) and relative light intensity (PAR) in the depth profile in summer (A) and spring (B)



90

Matgorzata Chobot, Krzysztof Banas

CHANGES OF WATER AND SEDIMENT PROPERTIES
DURING THE STUDY PERIOD

Water pH in Lake Ostrowite had always been
slightly alkaline and during the study period it was
subject to only slight fluctuations (Fig. 2). The high-
est pH values were recorded in summer (up to 8.21 in
2004) (Table 1), which is connected with the intensive
photosynthesis of well developed and dense plant
communities. In the other seasons pH was a little low-
er. The lowest pH values were observed in autumn and
winter, when most plants had become dormant. The
concentration of dissolved ions in the water was con-
siderable and remained at a relatively constant level
in the whole study period (145-245 uS cm™; Me=181).
The concentration of calcium dissolved in the water
was also subject to only slight fluctuations (27.3-45.0
mg 1" Ca), and it was high all the time, which is typi-
cal of hardwater lakes. Redox potential exhibited wide
fluctuations (Fig. 2). In summer it reached both posi-
tive (2004; 111 mV) and strongly negative (2005/2006;
-169 and -287 mV) values. In spring and autumn,
when strong water mixing takes place, this feature was
also very variable. Only in winter the potential was
stable and always had positive values (106-145 mV),
which indicates the dominance of oxidation processes
at low temperatures. Free CO, concentration was low
and characterised by a small variation in the study

period. The lowest values (7 mg 1) were recorded in
autumn 2004 and 2005, whereas the highest in sum-
mer (2005; 16 mg 1'!). Contrary to carbon dioxide, the
concentration of hydrogen carbonate was always high
and ranged from 124 to 184 mg I"'. Water colouration
in the individual seasons was similar and always very
low (4-15 mg 1! Pt; Me = 9). Humic acids concentra-
tion was also low (2.7-5.7 mg1"'; Me=4.2).

Sediment pH was lower than water pH (Table 2).
The smallest values, indicating even a slightly acid en-
vironment, were observed in spring 2006 (pH 6.56). In
the remaining seasons of the study period pH ranged
from 7.24 to 7.86 and, just as in the water, the highest
values were recorded in summer. Electrolytic conduc-
tivity was very changeable (from 128 to 530 pS cm’;
Me=335). Redox potential was always negative, and its
lowest values were noted in spring (-224 mV) and sum-
mer (-284 mV). Thus reduction processes prevailed all
year long in the sediment. Calcium content, the same
as in the water, was high, but also here it was character-
ised by only a minor variation during the whole study
period (from 24.4 to 41.8 mg Ca g'd.w,; Me=30.5). The
percentage of organic matter in the sediment was gen-
erally very small (approx 1.5%). As a result, the sedi-
ments are not well hydrated (21.2 -40.5%; Me=24.6)
regardless of the time of year.
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Fig. 2. Variations of pH, colour, conductivity and concentrations of carbon dioxide, hydrogen carbonate and humic acids in water in

2004-2006.
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Table 1. Water properties

UNIT Index Mo pSemt | | mer | mefl | merl | mebl | mor Py
Summer 2004 26.08 8.21 245 111 40.1 9 143 4.2 5
Autumn 2004 18.09 7.39 167 nm nm 7 133 5.7 7

20.11 7.63 174 nm nm 9 165 4.3 12
18.12 7.50 181 nm nm 1 166 2.8 10
Winter 2004 15.01 7.63 171 nm nm 9 144 54 15
12.02 7.49 233 106 nm 12 158 4.1 9
17.04 7.50 185 -178 329 14 162 4.1 8
Spring 2005 22.05 7.45 176 nm nm 12 151 3.3 10
16.06 7.84 232 110 45.0 10 149 4.3 6
Summer 2005 17.07 7.70 194 -162 27.9 16 173 4.4 1
23.09 7.57 157 nm nm 8 184 4.4 5
Autumn 2005 20.10 7.94 188 nm nm 9 124 2.7 5
19.11 7.61 202 179 41.9 7 164 45 9
Winter 2005 20.12 7.60 180 nm nm 10 144 3.2 15
24.02 7.52 163 145 nm 15 152 2.9 4
24.03 7.66 185 83 27.3 8 171 4.7 5
Spring 2006
20.04 7.67 154 nm nm 14 168 45 10
Summer 2006 23.07 8.18 185 -287 28.0 12 145 4.2 7
Autumn 2006 14.09 7.30 145 nm nm 10 159 34 7
Winter 2006 21.12 7.51 181 nm nm 15 160 3.9 12
nm — not measured
Table 2. Sediment properties
Unit Index oH C[cl)l(éugrt;v:;y [r?\]/] g ;adlw.] Organ[ioc/:ci'natter Hy?g/?]tion
Summer 2004 26.08. 7.72 180 -203 30.9 1.9 26.1
Spring 2005 16.06. 7.24 511 -224 24.4 0.8 40.5
Summer 2005 17.07. 7.86 164 177 27.9 2.7 33.8
Autumn 2005 19.11. 7.20 491 -98 41.8 1.9 229
Spring 2006 24.03. 6.56 128 -85 41.4 0.6 21.2
Summer 2006 23.07. 7.36 530 -284 30.1 1.0 23.0

SEASONAL VARIABILITY OF PHYSICAL AND CHEMICAL
WATER AND SEDIMENT PROPERTIES

The analysis of variance conducted for indi-
vidual seasons showed a significant variability of
water and sediment properties. At a significance level
of p<0.05, electrolytic conductivity, concentrations of
HCO, and humic acids as well as colour were con-
stant in the water, whereas in the sediment all the
studied properties except pH. The remaining features
exhibited statistically significant differences. The con-

ducted RIR Tukey’s test confirmed the invariability of
the above-mentioned properties of the aquatic envi-
ronment and allowed indicating the seasons in which
conditions in the lake differ most.

In spring water pH was slightly alkaline and
almost invariable (pH 7.64 £0.15; Me=7.67). Conduc-
tivity also displayed low variability (186 +23 uS cm’™;
Me=184), while calcium concentration was of me-
dium variability and high all the time (35.1 £9 mg 1'};
Me=32.9). Redox potential exhibited marked fluctua-
tions (-178 do 110 mV), but it was generally positive
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(Me=83). By and large, the other water properties were
constant. The concentration of free CO, (12 £3 mg I'';
Me=12) was low, while that of hydrogen carbonate
high (160 £10 mg I''; Me=162). The content of humic
acids was low (4.2 £0.5 mg I''; Me=4.3), due to which
water was almost colourless (7 £2 mg 1''; Me=6).

The sediments collected in spring were charac-
terised by a lower pH than water (6.47-7.47; Fig. 3).
On the other hand, their electrolytic conductivity was
similar, but more variable (281 £211 uS cm™'; Me=146).
Calcium concentration was considerable and also
changeable (32.9 £12 mg Ca g'd.w; Me=32.9). Re-
dox potential was always negative and did not show
such variability as in water (-140 £86 mV; Me= - 147).
The percentage of organic matter was very small (1.0
10.1%). The sediments were mineral and poorly hy-
drated (36 £10.6%; Me=23.6).

In summer water pH ranged from 7.65 to 8.28
(Me=8.16) and was higher than in spring (p<0.001;
Fig. 3). Conductivity (199 £23 uS cm’; Me=188),
concentrations of calcium (32.0 £7.8 mg I'; Me=28.0),
carbon dioxide (12 +4 mg I''; Me=12), hydrogen car-
bonate (154 £ 1 mg I"'; Me=145) and humic acids (4,3
* 0,1 mg I''; Me=4,2), water colour (8 £3 mg 1'; Me=7)
as well as redox potential (-147 £158 mV; Me= -165) were
almost the same as in the previous season and did not
exhibit statistically significant differences.

The sediment collected in summer had a slightly
alkaline pH (6.92-7.91; Me=7.81) and differed from the
spring samples (p<0.001). Sediment conductivity was
considerable and in addition fluctuated widely between
82 and 772 pS cm™ (Me=218; p=0.003). In spring, the
values of such features as redox potential (-224 £109
mV; Me= - 262), contents of calcium (29.6 £1.5 mg Ca g
d.w;; Me=30.1) and organic matter (2 £1.4%) as well as
sediment hydration (27.9 £8.3%; Me=25.3) did not dif-
fer from those recorded in summer.

In autumn environmental conditions in the lake
were not different from those observed in summer and
spring. This refers mainly to water conductivity, con-
tents of hydrogen carbonate and humic acids in the
water and water colour. In the sediment, values of all
properties did not differ in a statistically significant way
(Fig. 3). Water pH (7.30-7.57) in autumn was lower than
in summer (p<0.001) and very similar to the spring pH.
Redox potential was high, constant (179 +1 mV) and
comparable with the spring values, and differed from
the summer ones at a level of p=0.004. Calcium concen-
tration (41.9 0.8 mg I'' Ca) was much higher than in
summer (p=0.020) and spring (p=0.040). The quantity

of free CO, (8 £1 mg 1"; Me=8) was smaller than in the
previous season (p=0.044).

In winter water pH was slightly acidic (pH 7.50-
7.60), the same as in autumn and spring, but decidedly
lower than in summer (p=0.001; Fig. 3). The remain-
ing water properties did not differ in comparison with
the other seasons.

Discussion

The seasonal changes of physico-chemical
conditions in water bodies depend on many factors,
including climatic, geomorphological and biological
conditions. In natural water bodies or those trans-
formed only to a small extent the variability of envi-
ronmental conditions over the year is generally low.
This is guaranteed by well-preserved vegetation in
the catchment area and a stable hydrological system
(Bajkiewicz-Grabowska 2002). However, if the catch-
ment is influenced by human activity and regulation
of water conditions, the seasonal variability of many
properties of lake water increases (Minshall et al.
1985). Mountain lakes, practically free of the impact
of human pressure as they are, are considered to be
model lakes and good objects of study on the seasonal
variability of the aquatic environment. The seasonal
changes observed in them are connected with altitude
(and consequently temperature and length of ice-
cover period), trophic level, morphometry (size and
depth), catchment type and pollution of precipitation
(Tait and Thaler 2000; De Bernardi et al. 1996; Rogora
et al. 2001). Nevertheless, they are very susceptible to
changes: even small differences in temperature (1-
2°C) result in significant changes in water chemistry
as well as flora and fauna (Koinig et al. 1998; Skjelkvale
and Wright 1998).

The studied water body is a hardwater and
oligo-/mesotrophic lake with favourable morpho-
metric properties (large area and considerable depth)
which guarantee low vulnerability to transformations.
Moreover, the area where Lake Ostrowite is situated
is characterised by a high degree of geological uni-
formity. Sandy and barren soils of the catchment are
covered with pine forests (Tobolski and Kochanowski
2002), and the human impact is minimised by the
situation of the lake within the Bory Tucholskie Na-
tional Park. All these features of the lake and its sur-
roundings influenced the low seasonal variability of
physico-chemical properties of the aquatic environ-
ment observed in this study.
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Fig. 3. Water and sediment properties in summer (Su), autumn (A), winter (W) and spring (Sp)

In this study it was found that only a few water
and sediment properties exhibit seasonal variability
(see Fig. 3). This results from the visible dominance of
autochthonous matter in the ecosystem (there is little
flow through the lake) and high stability of the sub-
merged vegetation structure (a high percentage of ev-
ergreen plants) which, in turn, stabilises the physico-
chemical conditions (Szmeja 1992; van Breemen 1995;

Limpens et al. 2003a, b; Malmer et al. 2003). Lakes in-
tensively fed with allochthonous matter (Perdue and
Gjessing 1990), as well as water bodies whose plants
are not active in winter (they undergo diapause), are
much more variable.

The value of pH is subject to frequent fluctua-
tions in almost all types of water bodies, which makes
it one of the most variable features of the aquatic en-
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vironment. It mainly depends on the concentration
of carbon dioxide (Tait and Thaler 2000), which is
bound in photosynthesis and released in the processes
of the aerobic decomposition of organic matter and
respiration. That is why the lowest pH and the highest
concentration of CO, are recorded in winter (Mosello
et al. 2002), especially close to the ice cover (Camarero
et al. 1995; Camarero et al. 1999). Identical changes
in pH were obtained during this study (the high-
est values in summer; see Fig. 3), but they were not
consistent with the variations in CO, concentrations
(Fig. 3). In summer the high pH results from intense
photosynthetic activity, whereas in the other seasons
pH is very level and slightly lower than in summer, as
photosynthesis is not as intense due to lower tempera-
tures. The stability of pH stems from a similar amount
of carbon dioxide dissolved in water over the year
(only in autumn it is slightly lower). This is typical
of calcium-rich hardwater lakes. In winter, but also in
spring and autumn, as organic matter decomposes, the
resulting carbon dioxide shifts the balance towards
insoluble CaCO,, which accumulates on plants for
example (Wetzel 1983). In summer, when plants use
CO, in photosynthesis, it is replenished not only from
the atmosphere, but also from calcite decomposition
caused by phosphoric acid dissolved in water (Stumm
and Morgan 1996). What is more, hardwater lakes are
dominated by plants that use HCO, in photosynthesis,
such as Myriophyllum spicatum L. or Elodea canadensis
Rich., and additionally protect the lakes against pH
changes. Nevertheless, during periods of very strong
photosynthesis, even in such well-buffered water bod-
ies, especially those with a higher trophic level, pH
may rise substantially in summer, as the recreation of
balance is delayed.

Such features of the aquatic environment as
the content of dissolved organic and mineral com-
pounds are dependent on water and sediment pH.
Most physical and chemical reactions that take place
in aquatic ecosystems are influenced by pH (Lampert
and Sommer 1996). It should also be mentioned that
submerged vegetation developing in a water body
contributes to the changes in chemical and physi-
cal water properties, especially underwater Chara
spp. carpets, which assist in maintaining high water
clarity (Blindow et al. 2002). Dense communities
of submerged plants accumulate great quantities of

nutrients and remove them from the nutrient cycle
(Blindow 1992; Kufel and Ozimek 1994). They also
provide shelter for zooplankton (Lauridsen and
Buenk 1996), which plays an important role in main-
taining water clarity by limiting the development of
phytoplankton (Timms and Moss 1984). Jeppesen et
al. (1994) found that if 30% of the lake bottom is cov-
ered with vegetation, it suffices to maintain constant
environmental conditions and water clarity. The water
body under study fulfils this criterion. The submerged
vegetation in it is dominated by stoneworts covering
25% of the phytolittoral (Chmara 2006; Skurzynski
2007), which contributes significantly to the stability
of environmental conditions. Perennial submerged
vegetation also aids in preventing sediment resuspen-
sion (Schefter et al. 1993; Hanson and Butler 1994) by
reducing wind impact (Hamilton and Mitchell 1996).
The abundant occurrence of Chara assists in inhibit-
ing phytoplankton development (Jones et al. 1996).
According to Blindow and Hootsmans (1991), this
may result from the fact that stoneworts produce al-
lelopathic substances or from the limited accessibility
of phosphorus (Forsberg et al. 1990), which strongly
precipitates as apatite.

The low seasonal variability of pH and the
other water properties in the studied lake indicates
the stability of its environmental conditions. This
can undoubtedly be attributed to submerged plants,
especially stoneworts, which guarantee the proper
functioning of the lake and maintain high water clar-
ity. Owing to the fact that this water body has been
subject to hardly any human-induced pressures, it can
be regarded as a model object of study on the extent
and causes of transformations of lakes and submerged
vegetation habitats. That is why a constant control of
its environmental conditions is highly recommended.
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