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Abstract. The aim of the paper was to define a relationship between the structure and dynamics of the Carex digitata population.
Additionally, modifications in the development of an individual and its life strategy in disturbed communities were analysed. The
species was studied in the natural and anthropogenically disturbed oak-hornbeam communities over 23-years of research (1987-2009)
conducted on permanent plots in the Knyszynska Forest. The results of the research indicate that in the natural community, C. digitata
individuals reach the phase of flowering and fruition in the 4" year of the life cycle, while in the disturbed community dominated
by pine trees — in the 2™ year of the life cycle. Modification of the C. digitata life cycle can be attributed to different reactions of
individuals to disturbances in the community, microclimatic, phenological and biocenotic balance to which C. digitata is exposed as
a results of the degeneration (pinetization) of the community. The sedge responds differently to specific ecological conditions in the
natural and anthropogenically disturbed oak-hornbeam communities due to different life strategies, which affect morphological and
developmental features of individual plants, and thus induces changes in the structure and dynamics of populations. This is reflected
in a different spatial organization, age structure, size diversity of the individual plants, as well as in various mechanisms regulating
the number of individual plants in a population.
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1. Introduction & Westoby 2003; Pueyo et al. 2010). Individual traits and

their variation provide a criterion for distinguishing various

The study of population variation in time and space should
take into account the evolutionary (life history), genetic
(genetic structure), morphological (growth types) and eco-
logical (environmental) aspects (Stearns 1992; Chapin et
al. 1993; Yong 1995; Grime 2001; Tayler et al. 2002; Willis
& McElwain 2002; Loeuille & Leibold 2008; Bornhofen et
al. 2011). The structure and dynamics of plant populations
are determined by the life-history traits of each species in
conjunction with environmental heterogeneity and distur-
bances (Pickett et al. 1989; Poschlod et al. 2000; Falster

life strategies among plants (Ramenskii 1938; MacArthur
& Wilson 1967; Pianka 1970; Grime 1979, 1987, 1988,
2001; Stearns 1992; Westoby et al. 2002; Mustard et al.
2003). According to Grime (1979) strategies may be de-
fined as groupings of similar or analogous genetic char-
acteristics which vary widely among species or popula-
tions and cause them to exhibit similarities in ecology. The
C-S-R strategy theory (Grime 1979) treats disturbances, as
well as stress and competition, as the phenomena which
can produce changes in the strategy of life of species taki-
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ng place in response to varying environmental conditions.
Plant’s response to disturbance is revealed in variation of
life history traits, e.g. life span, reproductive efficiency,
number of progeny and matter allocation, morpholog-
ical and developmental properties and ability to survive
in adverse conditions (Laska 1996a, b, 1998, 2001, 2003;
Craine et al. 2001; Grime 2001; Lehsten & Kleyer 2007).
Disturbances determine to a significant degree which bio-
logical features of individuals and which particular types
of life strategy will be preferred at a given site and will
ensure successful reproduction. The response of species
to disturbances becomes then the criterion of division into
particular biological types able to adapt to different exter-
nal interactions. Stearns (1992) suggests that “strategy” is
a complex adaptation and describes a co-ordinated evolu-
tion of all life history traits combined. The adaptation of
plants to environmental conditions is mainly to increase
their fitness (Yong 1995). The measure of fitness of in-
dividuals in environmental conditions is their survival till
the age of reproduction and production of offspring, i.e.
characteristics which affect the demographical processes,
and thereby, the population dynamics.

The present paper is an attempt to demonstrate the
most significant individual and population interrelations of
Carex digitata in natural and anthropogenically disturbed
oak-hornbeam communities in the Knyszynska Forest.
The aim of this study is to find interrelations between the
structure and dynamics of the C. digitata population and
the modifications in the development of an individual and
its life strategy in disturbed communities. In this way it
has been established how a single population responds to
disturbances and whether the plasticity of C. digitata in-
dividuals allows them to adapt to disturbed communities.

2. Species study

The study of Carex digitata L. (Cyperaceae) in natural
and disturbed oak-hornbeam communities on the territory
of the Knyszynska Forest has been conducted since 1987.
The species is a good object for analyses. Although it is
treated as a mesotrophic oak-hornbeam species, growing
most often in the shady deciduous forests (Matuszkiewicz
2001; Zarzycki et al. 2002), it also occurs in other habitat
diversified natural communities (in mixed deciduous and
coniferous forests) and in the anthropogenically disturbed
communities (on the clear-cuts, in pine cultivations, in the
secondary forest communities with an artificial pine stand)
(Laska 2006).

C. digitata grows in the temperate zone of Europe and
Asia, mostly on plain territories and in mountainous re-
gions (Tayler et al. 2002). It grows in tussocks of 10 to
30 cm high. The tussock, a typical form of an adult indi-
vidual, consists of a complex system of shoots with nu-

Reproductive shoots

Vegetative shoots

Rosette

Module

Figure 1. Morphological units of a tussock (an individual) of
Carex digitata L.
Module — major element of the tussock, taking root.
Tussock division into modules is clearly defined in the
underground part of plant. A modules is composed of
a varying number of rosettes; Rosette — a secondary
unit of the tussock, without roots, but participating in
the further branching of modules. Module division into
rosettes is visible in the aerial part of the plant. A ro-
sette is composed of a number of shoots; Shoots — oc-
cur in two forms — vegetative and reproductive.

merous branches, modules, rosettes and shoots making up
its morphological structure (Fig. 1). C. digitata is a paroe-
cious (i.e. with separate male and female inflorescences on
the same individuals) longlived perennial sedge. As a stem
perennial plant (caulophyte) it produces new shoots of 3
to 5 year durability each year. The shoots of intravaginal
origin have a monopodial type of branching (Fomiceva
1977). As a biological type (life-form) C. digitata is clas-
sified as a hemicryptophyte and a rosette monopodial plant
(Zarzycki et al. 2002). Ellenberg (1974) defines its struc-
ture as mesomorphic or scleromorphic. C. digitata flowers
in April and May. The flowers are wind-pollinated. The
fruit is in the form of little nuts hidden in sacs. Seeds are
dispersed by ants (myrmekochoria). Germination of seeds
takes place underground (hypogeously) (Nowikov 1967).

3. Study site

The population of C. digitata was studied in the Knyszyns-
ka Forest. This is a woodland area of about 1267 km?, lo-
cated in the NE Poland between lat. 52°55” and 53°42° N,
and long. 22°52” and 23°54” E. The study concerned com-
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munities representing one type of oak-hornbeam forest —
Tilio cordatae-Carpinetum betuli Tracz. 1962. Observa-
tions were made in natural and secondary forest commu-
nities. The natural community with no visible man-induced
deformation was taken as model of standard phytocoeno-
sis. The secondary forest community was treated different-
ly, as anthropogenically disturbed by the process of pineti-
zation (Laska 1997, 2004, 2006). In this process 90 years
ago the natural oak-hornbeam forest used clear-cutting and
artificial reforestation pine (Pinus sylvestris) and now, it
is a 90-years old secondary forest community with pine
stand domination.

4. Methods
4.1 Diversity of individuals

The study was carried out from 1987 to 2009 (23 years) on
two permanent plots of 500 m? each. The diversity of the
individual features of the sedge was defined on the basis
of the life cycle, morphology of tussocks and generative
reproduction. During field observation attention was paid
to permanently marked individuals, were classified into an
ontogenetic series — from seedlings to senile individuals.
Biological age was determined. Thus the life cycle of C.
digitata and the modifications resulting from the plant’s
occurrence in different types of communities were deter-
mined. The diversity in the structure of individual plants
in each population was described through different features
characterizing each individual (height of shoots, diameter
of tussocks, number of modules and rosettes). The ger-
minating capacity and survival of seedlings were studied
during field experiment, and the fertility and the ability of
seeds to germinate was defined under laboratory conditions
(Laska 1996a).

4.2 Diversity of the population

The diversity of the population of C. digitata was defined
using the structural dynamics, age structure, size of indi-
vidual plants and the dynamics in the number of popula-
tions as a basis. The material was described by means of
field, statistical and graphical methods.

In order to evaluate the spatial structure of populations
of C. digitata, the area of 500 m? (10 x 50 m) was divid-
ed into smaller plots (1 m?) and sedge individuals were
mapped. Plans of tussock distributions were prepared on
a scale 1 : 100. Thus, on the basis of the prepared maps,
and through cartographic and statistical methods, the types
of spatial distribution of populations were established.
The evolution of spatial structure was carried out using
the “Leksis’ index”. For each population the coefficient of
dispersion was evaluated.

On the basis of morphological and developmental prop-
erties the number of individuals in each age stage (juvenile,
vegetative, reproductive and senile) was established. This,
in turn, provided a basis for the evaluation of the age struc-
ture. The measurements of shoot height, the number of
modules and rosettes and the diameter of tussocks helped
to evaluate the size structure of the individuals in a popu-
lation. Numerical data acquired in field observations were
processed using statistical methods (Zar 1998).

4.3 Diversity of communities

Diversity of the oak-hornbeam natural and anthropogeni-
cally disturbed communities was defined using 92 phyto-
sociological records collected in the period 1987-2009 as
a basis. The phytosociological record covered 500 m?or 5
square of 100 m? permanent study fields. The Braun-Blan-
quet method, commonly applied in phytosociology, was
employed. According to Matuszkiewicz’s (2001) a list
of characteristic species, categorisation of syntaxonomic
groups was performed. The names of vascular plants were
given after Mirek et al. (2002) and mosses after Ochyra
et al. (2003). On the basis of an average cover coefficient
for each plant layer, Hult’s diagram was made to show the
vertical structure of the phytocoenoses.

5. Results
5.1 Modification of Carex digitata life history

The life cycle of C. digitata development lasts from 5 to
10 years. In the natural community, C. digitata individuals
reach the phase of flowering and fruiting in the 4® year of
life, while in the disturbed community with domination of
pine trees in the 2™ year of life (Fig. 2). In the disturbed
community, the pre-reproductive period is shortened rela-
tive to that in the natural community as the seedling, juve-
nile and virginal phases are shorter:

— in the natural oak-hornbeam community individual
plants remain in the seedling state until the end of the
first season of growth, while in the disturbed commu-
nity affected by the process of pinetization, in autumn,
20% of the seedlings reach the juvenile state in the first
growing season after seed germination;

— in the natural oak-hornbeam community the early-veg-
etative state begins 3 years after sowing and lasts about
2 years, in the disturbed community with domination
of pine trees, in the spring 2 years after germinating,
individual plants will be passing through the early-veg-
etative state, so that by summer they reach the mature
vegetative or the reproductive states.
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Figure 2. Modification of the Carex digitata L. life history in natural and anthropogenically disturbed oak-hornbeam communities

(Source: Laska 1996b, changed)

5.2 Structure and dynamics
of plants population of Carex digitata

The structure and dynamics of plant populations of C. di-
gitata reflects the response of individual plants to changes
in the habitat resulting from disturbing factors. Changes
in life history, as well as their great plasticity have de-
mographical consequences and affect the population dy-
namics. Populations of C. digitata in the natural and the
anthropogenically disturbed communities differed in size.
A larger number of populations and temporal changes were

observed in the anthropogenically disturbed community
than in the natural oak-hornbeam community.

5.3 Changes in spatial organisation of Carex digitata

Spatial organisation of populations in the natural oak-horn-
beam community was different from that in the anthro-
pogenically disturbed community (Fig. 3). In the natural
oak-hornbeam community, the density of individual plants
in the population was low, changed slightly over the years
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1987-2009 and amounted to about 1 individual per 10 m?
In the natural oak-hornbeam community the number of tus-
socks in aggregations and the area they covered was low
and changed insignificantly in the 23-year research cycle.
The area of an aggregation ranges on average, from about
2 m? to 6 m’. The maximum number of individuals in an
aggregation was 5 to 27 tussocks, while in the aggregation
area of 1 m? the maximum number of tussocks observed
ranged from 4 to 7. In the natural oak-hornbeam communi-
ty the aggregations of individual plants were at noticeable
distances from one another (Fig. 3). The type of spatial
structure of this population resembles the distribution type
as dispersed-aggregated.

In the anthropogenically disturbed community, the spa-
tial structure of C. digitata population reached different
properties (Fig. 3). The density of individual plants in the
population was high. In 1987-2009 it changed significant-
ly, decreasing from about 7.6 to 2.8 individuals per 10 m?.
In 1987, the number of tussocks in aggregations and the
area they covered were high. In the 23-year of study these
values significantly decreased, because in the disturbed
community the process of regeneration of the vegetation
is observed. The area of an aggregation ranged on average
from 7-14 m? to 2.6-4.4 m? The maximum number of
individuals in an aggregation decreased from 190-204 to
10-31 tussocks, while in the area of 1 m? of an aggrega-
tion the maximum number of tussocks observed decreased
from 11-26 to 6-9. In the population studied the variation
in the spatial organisation over the years 1987-2009 was
found quite significant. The distribution of individuals in
space changed from corn-aggregate to dispersed-aggregate
(Fig. 3). A change in the spatial organisation in the dis-
turbed community may indicate a regression of the C. digi-
tata population.

2)

5.4 Age structure of Carex digitata populations

The development of the C. digitata populations in the com-
munities studied revealed a significant variation in the pro-
portions of individual plants at different age stages (Fig. 4).
In the years 1987-2009, the following two types of age
distribution and their characteristic changes were observed:

— domination of individuals in the vegetative stage or,
at some stage in the development of the population, an
increase in the number of individuals in the reproductive
stage; the phenomena occurred in the population from the
natural oak-hornbeam community;

— domination of individuals in the reproductive stage,
but rapid changes in proportions of individuals at differ-
ent age stages took place: an increase in the number of
individuals in the vegetative stage was accompanied by
a decrease in the number of individuals in the reproductive
stage; these dynamical changes occurred in the population
from the anthropogenically disturbed community.

The variation in the age structure described above in
the sedge populations studied was reflected in the shape
of the age structure pyramids (Fig. 4). In the population
from the natural oak-hornbeam community the age struc-
ture appeared graphically as a flat-pyramid (1989, 1990,
1993, 2000, 2003, 2006) and an increase in the number
of individuals in the vegetative stage was observed (from
59% to 68%). In the population from the anthropogenically
disturbed community, the age structure appeared graphical-
ly as an inverted pyramid (1987, 1989, 1990, 1991, 1994,
1996, 1997, 2003, 2006, 2009) and an increase in the num-
ber of individuals in the reproductive stage (from 52% to
72%) was observed.
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Figure 4. Changes in the age structure of Carex digitata populations determined in the period 1987— 2009: a) in the natural commu-

nity, b) in the disturbed community. Individuals in age state: ] — juvenile, V — vegetative, G — reproductive, Sn — senile
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5.5 Size structure of individuals and temporal changes

The study revealed statistically significant differences in
the height of individual plants and in the structure of the
sedge tussocks in the populations from the natural and the
anthropogenically disturbed communities (Figs. 5-6).

At the beginning of the observations, in 1987, individu-
als in the population from the anthropogenically disturbed
oak-hornbeam community reached bigger sizes of tussocks
(average height — 20.0 cm, tussock diameter — 8.8 cm, av-
erage number of modules — 1.83) than those from the nat-
ural oak-hornbeam community (average height — 15.1 cm,
tussock diameter — 4.3 cm, average number of modules —
1.73) (Figs. 5-6). The height of the individuals in the nat-
ural oak-hornbeam community, in the years 1987-2009 in-
creased, however only slightly, their average height ranged
from 15.1 cm to 20.5 cm (Fig. 5). The maximum height of
individual plants reached from 26 to 37 cm. The tussock

consisted of a maximum of 3 to 14 modules and 7 to 20
rosettes. In the natural oak-hornbeam community, changes
in the number of modules in the structure of sedge tussocks
were statistically insignificant (from 1.73 to 1.92 modules
in a tussock) and the 1-module individuals were dominant
(Figs. 5-6) during the 23-year research cycle (1987-2009).
In 1987-2009, greater changes in the structure of the sedge
tussocks and statistically significant differences were re-
ported in the decreasing number of rosettes (from 5.4 to
3.7 rosette in a tussock). This supposedly determined the
decrease in the sedge tussock diameter in the period of the
study, from 4.3 ¢cm to 3.8 cm.

In the population from the anthropogenically dis-
turbed community the maximum height of individual
plants reached from 29 to 42 cm. The tussock consisted
of a maximum of 3 to 12 modules and 5 to 21 rosettes. In
the community affected by pinetization, individual plants
formed tussocks of diameters ranging 7.6—8.8 cm, which

Tilig-Carpinetum - Natural community
30
25 ,'1, +
é:s a4 ' B
'E boe a ° A 7 b 5
=
2w
2
!
: s
1987 1989 1950 1991 1993 1994 1995 1996 1997 1998 2000 2003 2006 2009
Vears
[em] Tilio-Carpinetum - Pinetized community
30
25
; i PP
£ 20— & —t
|4 A T i
2 o ° o & ?
515
i)
2w
E
2
ol ey
1987 1989 1990 1991 1993 1994 1995 1996 1997 1998 2000 2003 2006 2009
Vears

# -xxL - Average height of individuals + confidence limit

Figure 5. Change in the individuals height of Carex digitata populations determined in the period 1987-2009 in different communities

in the Knyszynska Forest
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Knyszynska Forest

is twice as much as those from the natural oak-hornbeam
community. In the population from the anthropogenically
disturbed community the domination of individuals in the
reproductive phase determined a smaller range of variation
in the average values of the tussock’s features analysed.
However, in the 23-year study (1987-2009), changes in the
average height of individuals (from 20.0 cm to 19.1 cm),
the number of modules (from 1.83 to 2.02 modules in
a tussock), and the number of rosettes (from 2.8 to 3.8)
were statistically significant (Figs. 5-6). It is supposedly
related to a decrease in the population abundance in recent
years and the process of regeneration of the vegetation in
this community.

4.6 Dynamics of population Carex digitata

Observations of the life histories of tagged individuals in
permanent sites indicated changes in the number of in-

dividuals in the populations over the years 1987-2009.
Changes in the number of individuals in a particular age
stage were also observed. The results suggest the follow-
ing pattern of changes in the population abundances in the
perennial life cycle of C. digitata (Fig. 7):

— the number of individuals remains at a relatively stable
level, or changes slightly in the population from the
natural oak-hornbeam community;

— in the anthropogenically disturbed community a de-
cline in the population abundance is noted.

At the beginning of the observation period (1987), in
an area of 500 m? a greater number of individual plants
in the population was observed in the anthropogenically
disturbed (379 individuals) than in the natural oak-horn-
beam community (63 individuals) (Fig. 3). After 23 years
(2009), in the natural oak-hornbeam community, the num-
ber of populations remained relatively stable. The number
of individuals in this population changed, in an oscillatory
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manner, from 63 to 60 individual plants (Fig. 7). The pop-
ulation in the natural oak-hornbeam community remained
relatively constant, as new plants replaced dying ones in
a roughly equal number. A relative dynamic equilibrium
in the population abundance was a response to the rela-
tive stability and durability of the natural oak-hornbeam
phytocoenosis.

After 23 years (1987-2009), the population in the
anthropogenically disturbed community declined (from

378 to 142 individuals) (Fig. 7), as the number of dying
plants was higher than that of new plants. Changes in the
number of individuals may point to a decline of the pop-
ulation studied in the disturbed community due to rapid
changes in all layers of phytocoenosis under the effect of
anthropogenic activities. The modifications of features and
population properties in the disturbed communities can
serve as an indicator of their disturbance.
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4.7 Discussion and Conclusion

The results of the study reported unequivocally point to
interrelations between variation in the life history traits of
C. digitata in the natural and anthropogenically disturbed
communities and structural features and dynamics of the
population. C. digitata response to disturbance factors can
be explained by a different strategy of life (Fig. 2), which
through differentiation of morphological-developmental
properties of individuals determines variation in the pop-
ulation features. This is reflected in different spatial or-
ganisation of the population, a different age structure, size
structure and other mechanisms regulating the population
abundance. Population dynamics significantly correspond
to dynamics of communities and the relations are a re-
sponse of C. digitata population to dynamic vegetation
changes in the natural habitat (fluctuation) and or imposed
by anthropogenic disturbances (degeneration as a result of
pinatization followed by regeneration). This implies that
they are the response of the sedge population to distur-
bances of phytocoenotic, microclimatic, phenological and
biocenotic factors.

It can be assumed that low fertility and prolonged
pre-reproduction time of C. digitata in the natural com-
munity is a result of natural selection C (sensu Grime)
(Fig. 2). In the natural community, being in the equilibri-
um phase, the most important of various factors modify-
ing population properties, according to Grime (1988), is
the competition and competitive impact of the other com-
ponents of a given phytocoenosis. The sedge C. digitata
growing in the conditions of strong competitive pressure
of the richly developed ground cover of oak-hornbeam
species (in spring geophytes cover 100% and in summer
hemicryptophytes cover 80-100%) uses most of its bio-
mass and energy for development of vegetative organs.
The interspecies competition limits however, the devel-
opment and growth of progeny and adult individuals.
Therefore, in the natural oak-hornbeam community the
number of individuals in the population is low, and so
are their changes over the time, the spatial distribution
of the population has a character of dispersed-aggregat-
ed, and the sedge has little colonisation abilities. There
is low density of individuals per unit area and within ag-
glomerations, agglomeration area is small and the number
of tussocks in agglomerations is low. Individuals in the
vegetative stage dominate in the population. At the begin-
ning of their growth they develop vegetative organs just
to survive in the phytocoenosis and when they reach this
stage, they are in the vegetative stage to reach the phase of
flowering and fruit bearing at the age of 4 (Laska 1996a).
Durability of pre-reproductive period may be used as an
evaluation criterion to estimate a degree of “competitive
pressure” on the sedge individuals from the part of other
components of a given phytocoenosis (Howard & Gold-

berg 2001; Bornhofen et al. 2011). However, not all in-
dividuals of C. digitata flower and bear fruit. It has been
found that some sedge individuals at the age of 4 do not
form reproductive shoots and during subsequent seasons
they increase the number of modules and rosettes and the
height of shoots. They also develop underground organs
(Laska 1996a). These are important features of vegetative
propagation, however C. digitata does not reproduce vege-
tatively but only through seeds (Nowikov 1967; Fomiceva
1977). A low number of individuals in the population and
its changes over time in the form of small fluctuations and
a low efficiency of generative reproduction in the natural
oak-hornbeam communities can be determined by phyto-
coenotic relations that restrict the available space and the
number of safe germination sites (Harper 1981; Silvertown
1981; Eriksson & Ehrlén 1992). In the habitat of com-
pact and rich ground cover of the natural oak-hornbeam
communities, the number of such safe sites is limited and
the covering of the upper layer of soil with permanent
underground organs of geophytes and hemicryptophytes
leaves little opportunities for the sedge seeds to germi-
nate. Germination of C. digitata seeds takes place under
the ground (hypogeic mode) (Nowikov 1967). Therefore,
their deposition depth in the soil plays an important role
in the further development and growth of the individuals.
In the oak-hornbeam natural communities, whose changes
are fluctuational in character, the most important factor de-
termining the structure and dynamic of populations of the
sedge C. digitata is the competition of the other compo-
nents of the oak-hornbeam ground cover. The competition
pressure determines prospective reproduction abilities of
the sedge, the size and abundance of the population (Wil-
son & Keddy 1986; Menge & Sutherland 1987; Tilman
1988; Pugliese & Koztowski 1990; Schmid 1990; Falinska
1998a; Grime 2001; Westoby et al. 2002).

Different structure and dynamic of population changes
were established over the years 1987-2009 in the anthro-
pogenically disturbed oak-hornbeam community. In the
disturbed community C. digitata individuals are character-
ised by a shortened pre-reproductive period and reach the
generative phase earlier which enables them to adapt to en-
vironmental changes caused by the disturbance quicker. In
the population growing in disturbed areas, the fraction of
flowering and fruit bearing individuals dominates, plants
are characterised by high fertility, and seeds by great ger-
mination ability (Laska 1996a, 1998). The effectiveness of
reproduction may be a result of adaptation to environmen-
tal changes induced by man’s activity, i.e. during colonisa-
tion processes, C-R strategies (Fig. 2). C. digitata belongs
to the species appearing in the first phases of colonisation
in deforestated areas. In the first year after deforestation
it formed an abundant population (Laska 2006). The in-
dividuals produced a large number of generative shoots
and seeds. These characteristics determine the priority of
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C. digitata in the process of colonisation of disturbed areas.
In the disturbed community, the best strategy is to accu-
mulate the maximum biomass and energy for reproduction
(Urbanska 1984, 1989; Bazzaz et al. 1987; Grime 1988;
Lovett Doust 1989; Koztowski 1992; Reznicek 1992; Ash-
man 1994; Acosta et al. 1997; Grime 2001; Lopez et al.
2001). Individuals reach the reproductive stage early, and
liberation from the pressure of competitors makes C. digi-
tata to show enormous capabilities of development. In this
population, the individuals in the reproductive stage are
dominant. In a short period of time the tussocks produce
a large number of living and reproductive shoots leading to
high reproduction abilities and large population abundance.
In the disturbed oak-hornbeam community spatial distribu-
tion of the population is of corn-aggregate. There is a high
density of individuals per 1 m?, high number of agglomer-
ations and high density of individuals in agglomerations.
The areas of agglomerations are twice as big as in the natu-
ral oak-hornbeam communities. The population abundance
and the surface coverage determine a more important role
of the sedge in the ground cover of the disturbed oak-horn-
beam community than in its natural form. In the course of
pinetization of oak-hornbeam phytocoenosis, significant
changes occur in the soil microflora, kind of litter and the
soil pH into more acidic (Laska 1997, 2004, 2006) as a re-
sult of intensive production and fall of conifer needles.
Because of these changes, in the disturbed communities the
ground cover is poor (40%) with a significant contribution
of acidofile species, including acidofile moss cover (20%)
and the ground litter is different as it contains mainly pine
needles. These changes in comparison with the natural
oak-hornbeam community (considerable richness of the
herbal cover, deciduous litter which makes it difficult for
the seeds to germinate), can also largely determine the size
and abundance of the sedge populations in the disturbed
oak-hornbeam community. This indicates the effective re-
newal of C. digitata populations needing a high diversity
of habitats. The seed germination and seedling survival in
the population is largely dependent on their protection by
moss. Moss layer protects C. digitata against sudden fluc-
tuations in temperature at the ground level, while its wa-
ter-retention capacity can positively regulate the moisture
content. This has also been proved in the earlier studies,
where in the coniferous forest communities with richness
of the moss cover (80%), the number of individuals in the
populations was the highest (20862672 individuals per
500 m?) (Laska 1996b).

The diversity in the environmental conditions contrib-
utes to the situation in which each population (in natural
and disturbed community) develops its own life strategy
to ensure the production of new plants (Taylor et al. 1990;
Yong 1995; Grime 2001; Westoby et al. 2002; Bornhofen
et al. 2011). Each strategy can be considered successful as
population following it survive and renew themselves. It

points to the effectiveness of other mechanisms modified
by evolution by which individuals of the same species en-
sure reproductive success in different ways. It seems that
one of the advantages resulting from the choice of a par-
ticular life strategy is the shortening of the life cycle of
individuals in disturbed community; in this way individual
plants can quickly adapt to changes in the environmental
conditions. The rate and intensity of changes in the popula-
tion properties are determined mainly by phenotypical var-
iation in the life history traits (Grime et al. 1986; Bernard
1990; Stearns 1992; Charnov 1997; Huber et al. 1999).
Therefore, more often the role of species in the formation
and disappearance of specific floristic compositions is re-
lated to different life strategies (Grime 1988, 2001; Taylor
et al. 1990; Laska 1996a, b, 1998; Falinska 1997, 1998b;
Willis & McElwain 2002; Mustard et al. 2003).
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