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ABSTRACT

Changes in population abundance of submerged Sphagnum denticulatum Brid. were studied in an acidic and
oligotrophic lake in NW Poland over three years. Individuals were counted in a moss carpet at a depth of 2.5 m on
4 experimental plots, 1x1 m each, every 30 days for 36 months using the SCUBA method. PAR intensity was se-
asonally variable (in winter higher than in summer). Changes in water pH, conductivity, HCO," concentration, hy-
dration and sediment pH were statistically insignificant (p>0.05). In the summer of the second study year the
moss carpet disappeared almost completely due to a massive bloom of filamentous green algae.

Periods of growth, regression and regeneration were observed in the population. The stabilisation of popula-
tion size took 24 months and followed the pattern: slight fluctuations, then rapid growth and repetition of slight
fluctuations. The first stage lasted nine, the second four and the third nine months. These stages took place irre-
spective of seasons, temperature or PAR intensity. Each rapid increase in abundance lasted about 30 days, at PAR
intensity >20% and water temperature ranging from 11 to 16°C (in winter, spring or autumn). The regression sta-
ge brought about by the algal bloom started in the second year (in summer) and lasted six months (until the end of
January in the third year). The population regeneration began in winter (in February, water temperature 3.0°C,
PAR about 20%, ice cover 0.15 m) and finished with the end of spring. The population of S. denticulatum shows
a repetitive pattern of abundance variations, which is seriously disturbed in summer, especially after a warm
spring, by a massive bloom of filamentous green algae.
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INTRODUCTION

Mosses are a common element of submerged vegetation
in softwater lakes of northern Europe. They are mixed with
higher plants or charophytes (Sand-Jensen and Senderga-
ard 1981; Chambers and Kalff 1985; Szmeja and Clément
1990), especially in oligotrophic lakes (Srivastava et al.
1995; Toivonen and Huttunen 1995; Murphy 2002). They
often occur in great numbers in anthropogenically acidified
lakes (Roelofs 1983 and Arts 1987; Catling et al. 1986).

The macroscopic vegetation of lakes is to a great extent
composed of perennials of which the phenology or popula-
tion dynamics and structure, except for some species, have
not been studied in detail. One of such water plants is
Sphagnum denticulatum Brid. (syn.: S. auriculatum
Schimp.). This species is fairly common e.g. in the Scandi-
navian Peninsula, northwestern Russia (Karelia Republic),
British Isles and coastal regions of the North and West Eu-
ropean Plain (Murphy 2002), as well as some mountains
including the eastern Pyrenees (Gacia et al. 1994).

In the north of Poland (Pomerania) S. denticulatum occu-
pies acidic calcium-poor lakes which are often rich in hu-
mic substances (Szmeja 2000; Szmeja et al. 2001; Banas
2002; Szankowski and Ktosowski 2004). If the concentra-
tion of humic substances in water rises from 0.5 to 25 mg C
dm3, the settlement index of the population area of this
plant in the lakes of north-western Poland falls from 39.3
to 7.2 g d.w. m2 (Szmeja and Bociag 2004). S. denticula-
tum grows in a wide depth range, from 1 (2) to 9 (12) m,
on an acidic and highly hydrated organic substrate. In the
shallow littoral (to 3 (4) m) it forms communities with
a small addition of other mosses, such as Warnstorfia
exannulata (Schimp. in B.S.G.) Loeske, Sphagnum cuspi-
datum Ehrh. ex Hoffm. and S. fallax (Klinggr.) Klinggr.
On the other hand, in the deep littoral single-species aggre-
gations of this plant are dominant. The percentage of Cor-
mophyta in this plant’s aggregations, especially below the
depth of 4 (5) m, is generally very low. In shallow and
small softwater lakes, S. denticulatum occupies a conside-
rable part of the bottom, forming vast, dense and weakly
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anchored carpets. In shallow water (1-2 m), they are sensi-
tive to hydrodynamic disturbances, e.g. wave action, and
most often due to this fact the carpets are small and scatte-
red. In deep water, however, they are much bigger and mo-
re resistant, but grow under conditions of light and oxygen
deprivation.

The studied Lake Gacno Wielkie is located on an exten-
sive outwash plain from the time of the last glaciation co-
vered mainly with pinewood. This is a forest area with nu-
merous lakes, streams and wetlands, especially peat bogs,
to a small extent covered with a cultural landscape. The
mean annual air temperature is +7.1°C; July is the warmest
month (+16.7°C), and January the coldest (-2.6°C). The
area receives the annual precipitation total of 577 mm. It
has the lowest precipitation in winter (February), and the
greatest at the height of summer (July). The catchment is
dominated by sandy soils which are poor in nitrogen and
phosphorus, very acidic and have very low buffer and sorp-
tive properties (Chmara 2008).

The population abundance of submerged macrophytes
depends on many phenomena and processes in the popula-
tion itself, the communities, the lake, and even its catch-
ment (Szmeja 2006). It is assumed that population abun-
dance is determined by availability of nutrients, light inten-
sity, and interspecific and intrapopulational competition.
However, genetic diversity of individuals, which results
from the differently programmed general-purpose genoty-
pes and single-purpose genotypes, sensu Barrett et al.
(1993), probably affects the abundance only to a lesser
extent. Only the fact that this plant propagates vegetatively
supports the assumption that S. denticulatum individuals
lack significant genetic diversity, which could influence
the population dynamics. It should be mentioned that gene-
tic variability of aquatic plants, even as a regulator of their
phenotypic plasticity, is of rather secondary importance in
local populations (Hofstra et al. 1995; Akimoto et al. 1998;
Gornall et al. 1998; Gao and Hong 2000; Santa-
maria 2002).

The aim of this work is to analyse the population abun-
dance of S. denticulatum over three years in a small acidi-
fied clear-water and softwater lake with a well-preserved
catchment covered with pine forest in north-western Po-
land.
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METHODS

The fieldwork was carried out in Lake Gacno Wielkie
(NW Poland, approx. 120 km to the south-west of the Gulf
of Gdansk, in Tuchola Pine Forest National Park), for 36
months, from August 2004 to July 2007, on four perma-
nent experimental plots, 1xX1 m each, divided into quadrats
of 0.2x0.2 m, at a depth of 2.5 m. The plots were located in
a characteristically developed moss carpet. On the plots S.
denticulatum individuals were counted, and water tempera-
ture (C°), pH, conductivity (uS c¢cm™!) and colour (mg Pt
dm3), PAR intensity (% of light reaching the population)
and HCO;" concentration (mg dm) were measured. Once
a month, adjacent to the plots, sediment samples were also
collected into plastic containers of 250 cm? (144 samples
in total). Conductivity (uS cm!), pH and redox potential
(mV) were determined in the sediment samples. All the
measurements were performed according to recommenda-
tions of Wetzel and Likens (1991), Hermanowicz et al.
(1999) and Eaton et al. (2005). The significance of diffe-
rences between the water samples, as well as the sediment
ones, was tested by ANOVA (Kruskal-Wallis test; Lo-
mnicki 1999) for p<0.05. The rate of population growth
(PGR; individuals m2 month'!) was calculated from the
difference between the numbers of individuals on the 4
plots (4 m2) in month b and the previous one a.

RESULTS

Environmental conditions

Lake Gacno is small (13.5 ha), shallow (5.5 m), oligotro-
phic, acidic, softwater, legally protected and free from any
significant human-induced pressure. The studied popula-
tion occurs at a depth of 2.5 m, below the zone of water
freeze-up in winter and wave action in the other seasons,
on an acidic (pH 4.3-5.7), mineral (3.4£2.6% of organic
matter) and poorly hydrated (33.8+9.8%) substrate with
a very variable redox potential (-228 — +396). The data co-
me from 144 measurements of each property performed
over a period of 3 years (Table 1).

On the basis of water temperature measurements on the
plots the following time periods were established for the
four seasons in Lake Gacno: spring (April, May;
13.24£4.0°C), summer (June-August; 21.8£2.2°C), autumn

TABLE 1. Sediment water properties on experimental plots (arithmetic means with standard deviation, three measurements of each property for each

month).
Month Temperature PAR Conduct. Colour HCO;
[°C] [%] [uS ecm] [mg Pt dm-3] [mg dm?3]
April 10.0£3.0 26.7+7.1 4.840.1 31.240.7 6x1 41.2+6.7
May 16.310.6 21.316.8 5.120.2 22.6+0.7 50 32.343.3
June 21.7+2.5 17.0£3.6 5.620.5 29.5+3.7 9+1 33.7£15.3
July 23.342.1 16.0£6.1 6.1£0.2 27.610.8 1242 16.9+1.3
August 20.3+1.1 11.0£7.8 6.0£0.2 23.240.5 111 23.04£3.4
September 17.0+0.1 11.0£5.3 6.0£0.1 32.0+2.1 10+2 28.2+4.4
October 11.74£2.1 17.74£5.0 4.840.5 25.2+1.7 8+1 15.9+1.2
November 5.3+1.5 20.317.0 5.7+0.3 30.5¢12.5 6+2 28.244.2
December 3.0£1.7 25.3+5.7 6.3£0.6 40.9+13.7 8+1 70.2+24.0
January 3.7+1.1 24.0£6.9 5.6£0.2 37.9421.8 8+1 44.1+10.7
February 3.7+1.5 24.0£5.0 5.440.1 21.6+1.9 7+l 38.443.9
March 5.7£2.1 25.7+6.5 5.010.1 23.8+1.0 7£1 46.5£6.1
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Fig. 1. PAR intensity (continuous line), water temperature (dotted line),
ice cover (black bar) and show cover (grey bar) thickness in consecutive
months from 8.2004 to 7.2007.

(September, October; 14.3+3.2°C) and winter (November-
March; 4.3+1.7°C). The water temperature in spring (April
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10.0£3.0°C, May 16.3+£0.6°C) and autumn (September
17.0£0.1°C, October 11.7£2.1°C) was fairly varied, where-
as in summer and winter more uniform. The first
(2004/2005) and second (2005/2006) winters were quite
frosty, while the third one (2006/2007) mild. It is worth
mentioning that ice cover, and even ice and snow cover,
did not cause any significant decrease in PAR intensity.

Light intensity in the population changed seasonally: it
was always the highest in winter and lowest in summer
(Fig. 1). In summer water colour values were higher than
in the other seasons. Both these water properties indicate
that the smallest amount of light reached the population in
summer (p<0.005). This resulted from the massive bloom
of filamentous algae from early spring to late autumn, with
the maximum intensity in August. The seasonal changes in
water pH and conductivity, as well as HCO;™ concentra-
tion, were statistically insignificant (p>0.05). It should be
noted that HCO, concentration was higher in winter
(43.2+16.0 mg dm3) than in summer (20.3+13.6 mg dm?3).
The seasonal variability of sediment hydration, its pH, con-
ductivity and redox were also statistically insignificant
(p>0.05).

Population dynamics

The following major changes took place in the popula-
tion during the 36 months of this study: for the first 24

TABLE 2. Number of Sphagnum denticulatum individuals on plots (I-IV) in the study years, population growth rate (PGR) and stages of its development.
Explanations: T — total of individuals on plots, PGR — population growth rate (individuals m2month'!).

Year Month / plot: I 11 1T v z PGR Development stages
August 180 80 141 140 541 -
+  September 182 50 119 147 498 -10.7
2 October 190 112 166 155 623 +31.2
" November 105 106 152 145 508 -28.7
December 99 33 75 103 310 -49.5 fluctuations
January 146 65 109 93 418 +27.0
February 85 63 96 138 382 -9.0
March 93 57 46 109 305 -19.3
April 115 63 35 94 307 +0.5
May 374 289 139 191 993 +171.5 rapid growth
S June 265 207 94 242 808 -46.2
& July 221 228 215 210 874 +16.5 fluctuations
August 310 269 142 251 972 +24.5
September 197 167 85 159 608 -91.0
October 496 394 219 451 1560 +238.0 rapid growth
November 414 365 221 483 1483 -19.2
December 638 447 181 555 1821 +54.5
January 509 399 177 533 1618 -50.7
February 486 358 193 518 1555 -15.8
March 501 393 206 584 1684 +32.3 fluctuations
April 613 372 262 581 1828 +36.0
May 659 502 294 591 2046 +54.5
S June 682 435 247 703 2067 +5.2
& July 529 431 291 572 1823 -61.0
August 74 28 258 614 974 -212.2
September 6 0 76 42 124 -212.5
October 1 4 11 0 16 -27.0 regression
November 1 0 3 3 7 -2.2
December 3 1 16 60 80 +18.3
January 1 0 2 0 3 -19.2
February 69 24 37 109 239 +59.0
- March 34 9 24 84 151 -21.9
S April 83 47 131 238 499 +87.4 regeneration
o May 103 55 202 197 557 +14.5
June 183 79 258 381 901 +86.0
July 104 46 149 169 468 -108.2 fluctuations
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Fig. 2. Population abundance on plots (I-IV) in consecutive months (from
8.2004 to 7.2007).

2200

2000 —
1800 ~ c
1600 o R

1400

1200

Numbers

1000
800 - \
800 o

400 N e

200

L]

B 9 10 11 12 1 2 3 4 5 6 7 8 9 10 1M 12 1 2 3 4 5 6 7
Month of year

Fig. 3. Stages of abundance fluctuations (A, B, C; dotted line) and rapid
population growth (continuous line). Data: the total of individuals on
plots I-IV (see Table 2) at the time of population growth stabilising it at a
high abundance level (from 8.2004 to 7.2006).
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Fig. 4. Variability of the population growth rate (PGR; indiv. m2 month'!)
over time, from 8.2004 to 8.2007.

months the abundance increased, in the 26th and 27th
month it decreased dramatically, and in the next 10 months
it went up again (Table 2). The analysis of these changes
indicates that the first increase, which lasted 24 months
(August 2004-July 2006), caused the population to stabilise
at a high abundance level, while the second, from February
to July 2007, resulted from the population regeneration
after its earlier almost complete reduction (Fig. 2). Three
periods of changes in population size can be distinguished:
intensive growth, regression and regeneration. As these pe-
riods differ considerably, each will be analysed separately.
The population abundance increase to the maximum va-
lue in June 2006 was the time when the population size sta-
bilised. It lasted from August 2004 to July 2006. The popu-
lation size changes followed the pattern (Fig. 3): fluctua-
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tions (August 2004-April 2005), rapid growth (May 2005),
fluctuations (June-September 2005), rapid growth (October
2005), fluctuations (November-July 2006). The first fluctu-
ation stage lasted nine, the second four and the third nine
months (Fig. 4). The sequence of these stages is interesting
to note: a long one followed by a short and long. They ap-
peared and progressed irrespective of time of year, tempe-
rature, PAR intensity or chemical properties of water. The
calculations indicate that there are no statistically signifi-
cant correlations between the seasonal changes of water
and sediment properties and variations of population abun-
dance. Consequently, the results of the relevant statistical
analyses have not been presented in this work.

The first rapid abundance increase occurred in May 2005
(spring), while the second in October (autumn) of the same
year. On the plots 307 individuals were recorded in April,
993 in May, 608 in September and 1560 in October (Table
2). Each rapid abundance growth lasted about 30 days and
took place at a moderate temperature (16.0°C in mid-May,
11.0°C in mid-October) and under conditions of fairly in-
tensive light (>20% PAR). The first marked increase in
water temperature after winter occurred in May (6.5°C in
mid-April, 16.0°C in mid-May), whereas the first signifi-
cant temperature decrease after summer in October
(17°C in mid-September, 11.0°C in mid-October). In May
the population growth rate (PGR) was 171.5 indiv. m>
month!, whereas in October 238 indiv. m2 month™!.

The abundance fluctuations resulted from dwindling and
growing numbers of individuals, that is population mortali-
ty rate and reproductiveness. The submerged S. denticula-
tum does not produce spores, and consequently the recruit-
ment of new individuals to the population is solely vegeta-
tive. A certain, probably small, fraction of individuals were
moved to the same places or out of them by water.

Young (juvenile) individuals emerged in great numbers
only once a year, in spring, that is in April and May (Fig. 5),
at a temperature of 6.0-16.0°C (11.1+£5.6°C) and at a high
light intensity (19.6-30.0% PAR; 26.8+6.8% PAR) just
after ice break-up and before the massive bloom of fila-
mentous green algae. Only one cohort of young individuals
appeared during each year. They formed from fragments of
leafless shoots lying on the sediment surface or directly
under its thin layer in winter. A water temperature increase
and higher light intensity in spring stimulated the growth
of the shoots.
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Fig. 5. Fraction of juvenile (black) and mature (white) individuals in the
stage of fluctuating changes in population abundance (to the left of the
dotted line) and the phase of population regeneration (to the right of this
line) in consecutive months from 8.2004 to 7.2007.
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On the plots 1823 individuals grew in July 2006, 974 in
August, 124 in September and only seven in November
(Table 2). After six months from the occurrence of regres-
sion signs the population almost completely disappeared:
in January 2007 only three individuals were left. In August
2006 the population growth rate (PGR) was -212.2 indiv.
m~ month-!, reaching a similar value in September. The
population regression, which lasted from August 2006 to
January 2007, and the disintegration of the moss carpet
were brought about by the massive bloom of filamentous
green algae. They appeared in the summer of each year,
albeit with less intensity than in 2006 and less severe con-
sequences for the population of S. denticulatum.

The process of regeneration began in February 2007 (Ta-
ble 2) at a water temperature of 3.0°C and light intensity
PAR of 19% in the presence of ice cover (0.15 m). In
March water temperature was similar to that in February,
ice cover was slightly thicker (0.50 m) and snow cover
thinner (0.05 m). A considerable amount of light reached
the population (32% PAR). From April the population
abundance gradually increased and towards the end of June
almost doubled. In July (the last study month) the abundan-
ce decreased (Fig. 6) as a result of the filamentous green
algae emergence, but not to such an extent as in the previo-
us year.

The population regenerated itself from leafless shoots,
which played the role of vegetative propagules. They were
fragments (remains) of individuals growing on the plots
before the regression stage. In the spring (April, May) of
2005 and 2006 juvenile individuals formed a fraction of
30-40%, whereas in the regeneration stage (from February
2007 to the end of the study) they made up almost the who-
le population (Fig. 5, to the right of the vertical dotted
line). The population quickly regenerated: in April and
June 2007 the population growth rates (PGR) belonged to
the highest over the three study years (Table 2).

DISCUSSION

The studied population occurs in a small and softwater
lake with isoetids, including Lobelia dortmanna L., Isoétes
lacustris L. and Luronium natans (L.) Raf. The catchment,

Fig. 6. Population regression (August 2006 —
January 2007) and regeneration (February
2007 — June 2007) on permanent plots (I-IV).

the same as its vicinity, is located on an outwash plain
from the time of the last glaciation and is covered with
very acidic soils dominated by pine forest (Chmara 2008).
In such a landscape Lake Gacno must be acidic, and Spha-
gnum denticulatum is a natural element of its vegetation.
There are no significant reasons to assume that the occur-
rence of this plant is connected with human-induced acidi-
fication, as was the case in lakes described by Grahn et al.
(1974); Grahn (1977); Roelofs (1983) or Raven (1988).

The moss carpet in Lake Gacno, which consisted mainly
of S. denticulatum, is spatially variable: short and sparse to
a depth of 1.5 m or high and dense between 2.0 and 5.5 m.
It is similar to the one occurring in Lake Grane Langsg,
where Riis and Sand-Jensen (1997) studied the effect of
depth, light, temperature and carbon dioxide on the growth
and photosynthesis of aquatic mosses (Sphagnum subse-
cundum and Drepanocladus exannulatus). It also resembles
the moss carpets in three small and clear-water lakes in
nortwestern Russia (Karelia Republic) described by Ilya-
shuk (2002), where growth and production of mosses at va-
rious depths were determined. In Lake Gacno, however,
the attention was focused on the changes in the population
abundance of an aquatic moss (S. denticulatum) in seaso-
nally changing temperature and light.

In Lake Gacno, at a depth of 2.5 m, the S. denticulatum po-
pulation is fairly well-lit (11.0-26.7% PAR), occupies an aci-
dic (pH 4.3-5.7), mineral (3.4£2.6% of organic matter) and
poorly hydrated (33.8+£9.8%; Table 1) substrate, which beco-
mes more organic and half-liquid at a depth of 2.5-5.5 m.
The population in Lake Gacno occurs under similar condi-
tions to those in Danish Lake Grane Langse and the lakes
described in Karelia. Therefore the possibility that similar
mechanisms of changes in population abundance occur in
all these lakes cannot be excluded.

In summer, especially after a warm spring, the structure
and spatial organisation of the S. denticulatum population
were disturbed by a massive bloom of filamentous algae.
In late autumn there was a much smaller amount of the gre-
en algae, as most of them do not tolerate low temperatures
(Ellis-Evans and Walton 1990). Nevertheless, a fraction of
them was present in Lake Gacno also in winter. A similar
phenomenon was observed by Hawes (1989, 1990) in fre-
shwater streams on Signy Island (Antarctica). On the other
hand, however, a complete disappearance of the S. denticu-
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latum population in Lake Krasne, which is a few dozen ki-
lometres from Lake Gacno, was caused by abrupt sediment
resuspension after a considerable decrease in water level
(Szmeja 20006). In both these lakes the population regene-
rated quickly: in Lake Krasne the process was in progress
for two years, and in Lake Gacno approx. 30% of the po-
pulation of the main dominant species (S. denticulatum)
was recreated within five months.

The fact that this plant grows fast might have substantial-
ly contributed to the short regeneration time of the S. denti-
culatum population (and the moss carpet, this plant being
its main component). The results obtained by Riis, Sand-
Jensen (1997) and Ilyashuk (2002) confirm this assump-
tion. Annual growth rate of moss shoots in Karelian lakes
at a depth of 6.5 m was 45.315.9 mg air-dry weight shoot™!
year! (Ilyashuk 2002), while in Lake Grane Langse at the
same depth 17.6£2.2 mg air-dry weight shoot! year ! (Ri-
is, Sand-Jensen 1997). In both cases the annual growth rate
of shoots, for a perennial and evergreen plant like this one,
is high, which is proved by its elongation rate in Lake Gra-
ne Langse (2517 mm shoot! year ) and in the lakes of
Karelia (189+7 mm shoot™! year!). In the Danish lake mos-
ses had a relatively fast growth rate (90-250 mm shoot!
year'!) and were short lived (0.7-2.9 years). What is more,
in deep water they grew faster than in shallow water. Ac-
cording to Riis and Sand-Jensen (1997), the fast growth of
mosses in deep waters can be accounted for by lower tem-
perature, extensive CO,, supersaturation and nutrient en-
richment in the hypolimnion during summer stratification.
The short regeneration time of the population after the
massive bloom of filamentous green algae confirms the
fact that S. denticulatum grows fast. The regeneration pro-
cess began in February 2007 (3.7£1.5°C, PAR 19%). Over
the three spring months, from April (10.0£3.0°C and
26.7+7.1% PAR) to June (21.7£2.5°C and 17.0£3.6%
PAR) the population abundance almost doubled (Table 2,
Fig. 6). During the rapid abundance increase in May and
October 2005 the rates of population growth (PGR) were
the highest: 171.5 shoots m? month'! in May and as many
as 238 shoots m2 month! in October (Table 2). It is worth
mentioning that over the three years of observations such ra-
pid population abundance growths occurred only twice.
Each of them lasted about 30 days and took place at a mode-
rate temperature and fairly intensive light (Table 1, Fig. 4).

The fluctuations of population abundance are the outco-
me of reproductiveness and mortality. Submerged S. denti-
culatum individuals do not produce spores, and consequen-
tly the recruitment of young individuals to the population
is solely vegetative. A certain fraction of individuals, pro-
bably a small one, is carried to the same places or out of
them by water movement, especially in the shallow littoral.
It is significant that young individuals appear in great num-
bers only once a year in spring, that is in April and May
(Fig. 5), at a temperature of 6.0-16.0°C and relatively high
light intensity (19.6-30.0% PAR) just after ice break-up
and before the summer bloom of filamentous green algae.
Other boreal, subboreal and alpine coldwater plants, e.g.
those studied by Gacia et al. (1994) in the Eastern Pyrene-
es, might be characterised by similar phenology of growth
and development.

In the S. denticulatum population there was only one co-
hort of juvenile individuals a year: in spring (March — June)
(Fig. 5). They formed from fragments of leafless shoots ly-
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ing on the sediment surface or just under its thin layer in
winter. A temperature increase and higher light intensity in
spring probably stimulated their growth. The presence of
leafless but live shoots that are capable of regeneration in-
dicates that the plant is adapted to seasonally low light in-
tensity and long-lasting low temperatures. In Lake Gacno
the water temperature at a depth of 2.5 m was only
4.3+1.7°C from November to March, that is for 5 months
a year. As shoot elongation takes place also in winter (Riis
and Sand-Jensen 1997; Ilyashuk 2002) and the population
abundance increases at this time of year (Table 2, Figs 2-
-4), leafy shoots do not go through diapause because of
low temperatures. Priddle’s (1980) observations confirm
this statement. Diapause can be caused by too low light in-
tensity. In Lake Gacno such a situation occurred always in
summer as a consequence of the massive bloom of fila-
mentous green algae. They form thick mats, are a light fil-
ter and compete for nutrients and free space (Ozimek et al.
1991; Szmeja 1994, 2006). Under such conditions the po-
pulation of S. denticulatum could regenerate thanks to ve-
getative reproduction, a viable propagule bank (leafless
shoots) and all-year-round growth of this plant.

CONCLUSIONS

The population of S. denticulatum has its own pattern of
abundance variations, which is disturbed by a massive blo-
om of filamentous algae in summer, especially after
a warm spring. The population regeneration which follows
is fast. Over the three years of observations periods of ra-
pid abundance increase were short and occurred at low
temperatures (in spring and autumn) and intensive light
(Table 1, Fig. 4).

The regeneration time was short due to the fact that sho-
ots of this plant grow fast, which was mentioned by Riis,
Sand-Jensen (1997) and Ilyashuk (2002). Only one (spring)
cohort of juvenile individuals a year is observed in the po-
pulation (Fig. 5). The cohort grows from sections of lea-
fless shoots which lie on the sediment surface or under its
thin layer in winter. The development of these shoots is sti-
mulated by a temperature rise and higher light intensity in
spring. The fact that the shoots grow all year round, vege-
tative reproduction of this plant and the diaspore (leafless
shoot) bank deposited on the sediment surface are factors
that favour fast regeneration of the population.
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