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ABSTRACT

This paper presents the structure of developmental stages and the age structure of Convallaria majalis L. popu-
lations. The investigation material consisted of individuals and modules from populations in Betulo-Quercetum,
Fago-Quercetum, Melico-Fagetum and Tilio-Carpinetum, in which the leaves and inflorescence of C. majalis we-
re cut annually over a period of three years.

Fifty percent of the C. majalis regional population consisted of mature modules, 20% of juvenile modules, 25%
of senile modules and a very small percentage of generative modules. In populations of Fago-Quercetum there are
four times more senile modules than juvenile modules, while in Melico-Fagetum the percentage of juvenile modu-
les is four times more numerous than the percentage of senile modules. The average age of modules is 4.7+3.8 ye-
ars. Three year old individuals dominate in the population, while 10 year or older individuals are very rare.

In the population disturbed by the three raw material collections, the percentage of juvenile modules was de-
creased by 50% and the percentage of generative modules was nonexistent. As a result, the average module age is
higher than in the undisturbed population. Cutting leaves and inflorescence is an important factor in limiting the
recruitment of juvenile modules. The growth of individuals in the disturbed population occurs among older modu-
les, which were able to reproduce before the disturbance occurred. Young individuals (three to four years old) are
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less numerous in the disturbed population, and the majority of individuals are three to six years old.
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INTRODUCTION

Investigations of the age structure in perennial plant po-
pulations have been carried out frequently (Rabotnov
1969; Symonides 1979; Stasiak 1994; Czarnecka 1996;
Falinska 1997; Stoll et al. 1998). The dependence of age
structure on the dynamics of population abundance and
the size structure of individuals has been described. Inve-
stigations of age structure and its dynamics allow the fate
of the population to be forecasted. The age structure can
be modified by increased density, food resources, inter-
species competition and interactions between individuals
(Falifiska and Zyromska-Rudzka 1986). There is relatively
little information regarding the impact of destructive fac-
tors, such as grazing or cutting the aboveground organs,
on the age structure of the population (KaZmierczakowa
and Rams 1984; Nault and Gagnon 1993; del Barrio et al.
1999).

C. majalis is a medicinal plant which contains cardenoli-
des (Paris 1963). In Poland, it is harvested from both plan-
tations and naturally occurring populations. For this rea-
son, this species is under partial preservation. It has been
proven through simulated raw material collection, that ha-

rvesting C. majalis negatively impacts the density and
crops in subsequent years, the cardenolide content, size
and fertility (Kosinski 1996, 2001).

The aim of the study was to determine the type and di-
rection of changes in the age structure of the Convallaria
majalis population when subjected to long-term, simulated
raw material collection for pharmaceutical purposes.

MATERIAL AND METHODS

Convallaria majalis is characterized by iterative growth.
The basic structural element of the C. majalis individual
consists of the underground (a rooted rhizome) and above-
ground parts (leaves and inflorescence), further referred to
as the shoot. As such, the structural unit of an individual is
the module (Harper 1977), i.e. a repeatable element in the
architecture of the individual.

An individual may be one or multi-module in character,
with the latter referred to as a polycormone (Penzes 1960).
The particular parts (modules) of individuals are different
ages and represent different developmental stages. The in-
crease, decrease or stabilization of the contribution of
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Fig. 1. Development diagram of Convallaria majalis modules: J1 — early
juvenile; J2 — juvenile; M1 — early mature; M2 — mature; G — generative;
S1 — subsenile; S2 — senile.

a particular developmental stage indicates, in this case,
structural changes in populations.

The following seven developmental stages were determi-
ned in the development of the module (Fig. 1): early juve-
nile (J,), juvenile (J,), early mature (M,), mature (M,), ge-
nerative (G), subsenile (S,), senile (S,).

The early juvenile stage (J,) lasts for about six months,
and it originates as a renewal bud in the joint of the older
module. It develops entirely in the soil and it is completely
covered by scales.

In the following year, the early juvenile module changes
into the juvenile stage (J,), which is created due to the in-
tensive increase of rhizome length. This is when the first
adventitious roots develop, but the aboveground organs
have still not appeared. This stage lasts for one year, occa-
sionally it may last for even the two following years. In
this stage of development, the most intensive production of
modules occurs, since almost half of them (40%) create
new modules (early juvenile).

The early mature module (M,) has a fully-formed rhizo-
me and it is the first developmental stage with abovegro-
und organs in the form of one (77%) or two leaves. This
stage lasts for one year and it may be identified by the lack
of a leaf scars on the orthotropic part of the rhizome. The
early mature modules reproduce less frequently than do
those of the juvenile, since new modules are created by
only a third of them (30%).

The mature module (M,) most often has two leaves or so-
metimes it has three. The orthotropic part of rhizome has
a greater diameter than in the early mature stage and it is co-
vered by a base of foliage leaves from previous years. After
three years, these modules turns into the subsequent develop-
mental stage, i.e. generative, however, there are some which
never bloom and move directly into the subsenile stage.

The module usually reaches the generative stage (G) in
the sixth year of development. At this point, the module
usually has inflorescence and most often two leaves. It is
a repetitive stage. The results of the investigation indicate
that the generative module can create inflorescence for
twenty years with breaks of a year or two. Nearly thirty
percent of the generative modules in the population, i.e.
a similar number to the mature modules, develops by crea-
ting new modules.

The subsenile module (S,) has a clearly reduced assimi-
lation surface usually consisting of one very small leaf.
The plagiotropic part of the rhizome dies leaving only its
youngest (orthotropic) part. In the following year this mo-
dule moves to the senile stage, S,, which has no leaves.

The field experiments were carried out from 1992 to
1996 in four coenopopulations of C. majalis located in the

Kosinski 1.

region of Gdansk, northern Poland. Forest communities
with numerous C. majalis coenopopulations were chosen
for the investigations: Betulo-Quercetum roboris R. Tx.
1937 (in short: B-Q), Fago-Quercetum petracae R. TX.
1955 (F-Q), Melico-Fagetum Lohm. ap. Seibert 1954 (M-
-F) and Tilio-Carpinetum Tracz. 1962 (T-C). The area of
the coenopopulation is within the borders of the phytocoe-
nosis (Rabotnov 1985a). All the coenopopulations in study
area compose a regional population.

The least light (11%) penetrates to the field layer in Fa-
go-Quercetum petraeae and a lot of light (70%) reaches the
herb layer in Tilio-Carpinetum. Rather moist and very acid
soil (pH = 3.5), rich in organic matter was in Betulo-Quer-
cetum roboris. The herb layer was dominated (apart from
C. majalis) by: Maianthemum bifolium and Trientalis euro-
paea in B-Q, Vaccinium myrtillus and Oxalis acetosella in
F-Q, Maianthemum bifolium in M-F and Anemone nemoro-
sa, Stellaria holostea in T-C.

Four pairs of plots (experimental and control) of a total
area of 16 m? were used in the age structure investigations.
Cutting the aboveground organs of C. majalis was a simu-
lation of collecting raw material for the pharmaceutical in-
dustry. The leaves and inflorescence were cut once a year
(in May) while the plants were in bloom over a period of
four consecutive years in all of the experimental plots. Ma-
terial for the investigations was simultaneously collected
from control and experimental plots after the third cut of
aboveground organs of C. majalis.

The age of modules was determined using two methods,
direct and indirect; the first method involved determining
the absolute age, expressed in years, while the second in-
volved the separation of development stages, in accordance
with Rabotnov (1969).

The absolute module age was determined based on pre-
served scars left by the rhizome scales and by the foliage
leaves. Scars after scales are closer together than are those
of the leaves; by counting the pairs of these two types of
scars it is possible to determine the module age precisely
(Fig. 2). These investigations were carried out on 1.100
modules of 260 individuals. It was assumed that the indivi-
dual is as old (relative age) as the oldest module in it. The
features of the developmental stages were determined ba-
sed on 40 modules which were investigated from the appe-
arance of the renewal bud to dying.

At the begining of study population density in experimen-
tal and control plots varied from 143.4+64.0 shoots - m2 in
Betulo-Quercetum to 33.8£18.2 shoots - m2 in Fago-Quer-
cetum. In the last year of experiment population density in
control plots did not change significantly. However, in
experimental plots density was significantly decreased to
100.0£37.3 shoots - m2 in Betulo-Quercetum and 13.3+8.6
shoots - m2 in Fago-Quercetum.

Statistical processing entailed computation the arithmeti-
cal mean (X), standard deviation (S.D.), modal (Mo), and
the variability coefficient according to the following for-
mula: CV = S.D. - X-I. The compliance of the empiric fea-
ture distribution with the normal distribution was verified
using the %2 test (Oktaba 1980; Lomnicki 1995). The signi-
ficance of the differences between the features was done
using the variance analysis method (one way ANOVA) and
with the t-Student test (Oktaba 1980). The hypothesis re-
garding the significance of differences between the arith-
metical means and the significance of correlations and re-
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gressions were tested using the variance analysis method
and the F coefficient. The statistical considerations were
done at an error risk level of o = 0.05 (Oktaba 1980).

RESULTS

AGE STRUCTURE IN THE UNDISTURBED POPULATION
Structure of development stages

Fifty-one percent of the regional population consists of
mature modules, 20% of juvenile modules, 26% of senile
modules and very few (3%) generative modules. Coenopo-
pulations vary in their numbers of juvenile, subsenile and
senile modules, e.g. there are three times more old modules
than young ones in Betulo-Quercetum and four times more
— in Fago-Quercetum. Since with age the probability of in-
dividual fragmentation increases, especially of its rhizome,
this is the reason why the polycormones consist of a small
number of modules in B-Q and F-Q. There is a lack of sta-
tistically significant differences in the structure of develop-
mental stages in both coenopopulations.

The situation which occurs in the coenopopulations of
Melico-Fagetum and Tilio-Carpinetum is different. The
percentage of young modules is four times more numerous
than those of the old modules in Melico-Fagetum and two
times more — in Tilio-Carpinetum. Almost every third mo-
dule is juvenile, and thus the process of renewal is more in-
tense than withering and fragmentation.

Age of modules

In the regional population the arithmetical mean of mo-
dule ages is 4.7£3.8 years, and it is strongly variable (CV =
0.81; Table 1). The distribution is a single module type fea-
ture and is positively skewed; thus, there are more young
modules in polycormones than it appears from the normal
distribution of this feature (Fig. 3). The module can reach
the age of 22, however, much younger modules, i.e. several
years old, dominate in the population.

In Betulo-Quercetum the arithmetical mean of module
ages is 5.143.1 years (Table 1) while the maximum value
of this feature is 14 years. Here, modules do not attain such
advanced ages as do those in the coenopopulations of F-
Q and M-F. The distribution of this feature indicates that
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Fig. 2. Morphology of the top of
the generative module rhizome: 1 —
10 — annual-increment segment; A
— dormant buds; B — adventitious
roots; C — base of the inflores-
cence; D — reneval bud. Millimetre
scale at the bottom.

TABLE 1. Modules age in control (contr.) and experimental (exp.) plots.

Population: n X#s.d.  min.-max. Mo (0\%
Regional

(contr.) 677  4.7+3.8 1-22 1 0.81

(exp.) 424 7.044.3 1-26 - 0.61
Betulo-Quercetum

(contr.) 289  5.1£3.1 1-14 4 0.61

(exp.) 103 7.1£2.9 1-15 5 0.41
Fago-Quercetum

(contr.) 120 7.1£5.1 1-21 4 0.72

(exp.) 111 9.4+£5.6 1-26 - 0.60
Melico-Fagetum

(contr.) 206 2.9+2.9 1-22 1 1.00

(exp.) 145 53+43.6 1-17 1 0.68
Tilio-Carpinetum

(contr.) 62 4.0£3.2 1-11 1 0.80

(exp.) 65 6.1£2.9 1-14 6 0.48

the greatest number of modules are four years old. Besides,
the quantitative contribution of one, two, three and four ye-
ar old modules is rather even, which may indicate the hi-
gher survival rate of young developmental stages in this
coenopopulation than in others.

In Fago-Quercetum the arithmetical mean of module
ages is 7.1£5.1 years, and the four year old module is the
most common, as was the case in B-Q (Table 1). The quan-
titative contribution of young modules (one to four year
olds) is lower, while it is four times greater for modules
over 10 years old than in the B-Q. The arithmetical mean
of module ages is significantly higher than that in other co-
enopopulations (p < 0.001), which indicates the poor rene-
wal of polycormones and strong fragmentation.

In Melico-Fagetum the arithmetical mean of module
ages was 2.912.9 years (Table 1). The distribution of this
feature is positively skewed. One year old modules are the
most numerous, while there were 60% fewer two year old
modules and modules over six years old comprised only
a slight percentage of the population. The average module
age is significantly lower in comparison with other coeno-
populations (p < 0.01).

In Tilio-Carpinetum the arithmetical mean of module age
is 4.0£3.2 years, and their age oscillates between 1 and 11
years, which is similar to B-Q, p < 0.05 (Table 1). The di-
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Fig. 3. Module age distribution in experimental (l) and control (77) plots;
n, —number of modules in experimental plots, n, — in control plots.

stribution of this single module type feature is positively
skewed and indicates the domination of young rhizomes.

Relative age of individuals

The arithmetical mean of individual relative age in the
population is 7.3+4.3 years, and it is a rather variable fea-
ture (CV = 0.59; Table 2). The distribution of polycormone
age is positively skewed (Fig. 4). It indicates that young in-
dividuals dominate the population (three to four year olds),
the percentage of older individuals (five to eight year olds)
is relatively high and the percentage of the oldest individu-
als (> 10 years old) is small. Such an age distribution of
polycormones in the population is yet another confirmation
of very intense disintegration processes. They originate in
three year old polycormones and intensify with age.

In Betulo-Quercetum the arithmetical mean of polycor-
mone age is 5.5+2.8 years, and it is relatively variable (CV
= 0.51) and significantly lower (p < 0.001) than in the case
of the regional population (Table 2). Every sixth individual
is three years old, and the older individuals (four to eight
years old) are rather numerous. Thus, polycormone age di-
stribution is similar to the entire regional population.

In Fago-Quercetum polycormones are 8.7+5.5 years old,;
they are older than those in B-Q (p < 0.001) and the entire
regional population. The distribution of this feature indica-
tes the rather high and relatively even contribution of three
to 16 year old polycormones. In Melico-Fagetum individu-

TABLE 2. Individual age in control (contr.) and experimental (exp.)
plots.

Population: n X+s.d.  min.-max. Mo Ccv
Regional

(contr.) 148  7.3%4.3 3-21 3 0.59

(exp.) 112 73437 3-25 6 0.51
Betulo-Quercetum

(contr.) 70 5.5£2.8 3-14 3 0.51

(exp.) 28 6.0+2.4 3-12 4 0.40
Fago-Quercetum

(contr.) 51 8.7£5.5 3-21 - 0.63

(exp.) 34 8.1£5.2 3-25 3 0.64
Melico-Fagetum

(contr.) 17 6.5t4.8 3-21 4 0.74

(exp.) 32 7.1£3.2 3-16 6 0.45
Tilio-Carpinetum

(contr.) 10 7.7£2.0 5-11 - 0.26

(exp.) 18 6.413.1 3-13 6 0.48

Fig. 4. Individuals age distribution in experimental (—-) and control (- - -)
plots; n, — number of modules in experimental plots, n, — in control plots.

als are 6.5t4.8 years old, while in Tilio-Carpinetum they
are 7.7£2.0 years old (Table 2), i.e. they are younger than
in F-Q, however, the differences are statistically not signi-
ficant.

AGE STRUCTURE IN THE DISTURBED POPULATION
Structure of developmental stages

After raw material had been collected three times, 9% of
the modules in the population were juvenile, 57% were
mature and 34% were senile. Therefore, the mature module
percentage did not change, while the percentage of senile
modules increased (from 26 to 34%), and the percentages
of both the juvenile and generative modules decreased ra-
dically, from 20 to 9% and to zero, respectively. Thus, the
fundamental change in the disturbed population regards the
quantitative contribution of stages which determine the le-
vel of reproduction and recruitment of young modules.

There are at least several interpretations for the decrease
in the juvenile module contribution to the population. One
of them is the increased period of the duration of the juve-
nile stage in the population with a simultaneous inhibition
of the creation of new modules. The early juvenile stage
(J,) changes into the juvenile stage (J,) as a result of inten-
sive rhizome plagiotropic development (length) and it lasts
from six months to two years. During this time, few juveni-
le modules were probably created in the polycormones,
and some of the existing modules changed into mature
ones. This interpretation is confirmed by the results of in-
vestigations of modules in coenopopulation of B-Q (Kosin-
ski 1998); the average module length increased during the
experiment which may be explained by the decrease of the
tempo of juvenile module development without inhibiting
their further length increase.

In the undisturbed population, the young modules origi-
nated mainly on juvenile modules, while in the disturbed
population they were on the mature modules. Since the ma-
in “effort” of mature modules is directed towards the crea-
tion of aboveground organs (leaves), the creation of new
modules is weaker; this may also explain the decrease of
their percentage of the disturbed population.

Increased numbers of senile stages in the population is
a natural consequence of the aging of mature modules; this
was manifested in every experimental plot by the enhanced
fragmentation of rhizomes. The modules created in this
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way had all the features of the senile stage, i.e. very short
and withering rhizome, which produced rare, but seriously
deformed, new juvenile modules.

The contribution of the developmental stages in each di-
sturbed coenopopulation was similar, and although signifi-
cant differences in numbers were confirmed among some
of them, the trends of changes were always the same. Seni-
le modules were two to eight times more numerous than
the juvenile modules in every coenopopulation, which cle-
arly indicates the rapid process of rhizome aging. After th-
ree raw material collections, the polycormones are short
and they have simplified architecture, i.e. they have a line-
ar form with a clear tendency to reduced side ramification,
and their aboveground parts have smaller assimilation sur-
faces (Kosinski 2001).

Age of modules

Three raw material collections caused several fundamental
changes in the age structure. The arithmetical mean of mo-
dule ages is significantly higher (7.0+4.3 years; p < 0.001;
Table 1), mainly due to the lower percentage of young mo-
dules, i.e. two to four year olds, which developed during
the experiment (Fig. 3). Therefore, shoot cutting as a di-
sturbance is significant in limiting the recruitment of juve-
nile modules and the development of polycormones.

In polycormones from disturbed populations, the percen-
tage of juvenile modules is many times lower than that of
the early juvenile modules, which may suggest the arrest of
the further development of the latter. Additionally, in the
disturbed population young modules are created on modu-
les aged 4.7£2.7 years old (Mo = 5 years), while in the
undisturbed population they occur on much younger modu-
les, i.e. 1.3+0.5 years old (Mo = 1 year; p < 0.001). The de-
velopment of polycormones in the disturbed population is
based on these modules, which were able to reproduce be-
fore the occurrence of the disturbance.

In Betulo-Quercetum the arithmetical mean of module
ages in polycormones is 7.1£2.9 years. Two, three and four
year old modules are six, three and two times less numero-
us than in the undisturbed population, respectively. Modu-
les older than five are on average two times more numero-
us. The structure of changes of module age in undisturbed
populations and those after the experiment is similar to the
other coenopopulations, i.e. after the triple shoot cutting,
the age of modules is higher.

In Fago-Quercetum, similarly to the B-Q population, the
annual collection of raw material over three years, leads to
the attenuation of polycormone development, and further to
the increase of the arithmetical mean of the age of its modu-
les (9.4£5.6 years versus 7.1£5.1 years; p < 0.001; Table 1).

In Melico-Fagetum the arithmetical mean of module
ages is 5.3+3.6 years. The type and tendency of changes in
the age structure of modules in polycormones are, in this
case, the same as in other coenopopulations, including coe-
nopopulation in Tilio-Carpinetum (Table 1).

Relative age of individuals

In the population that was disturbed by shoot cutting th-
ree times, young individuals (three to four years old) are
less numerous, and three to six year old individuals are
most numerous (Fig. 4). Three year old polycormones do-
minate in the undisturbed population, while six year old po-
lycormones dominate in the disturbed population (Table 2).
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In the disturbed coenopopulation in B-Q the arithmetic me-
an of individual relative age is 6.0+£2.4 years, in F-Q
8.1£5.2, in M-F 7.1£3.2, while in T-C it was 6.4£3.1 (Ta-
ble 2). The comparison of the average age of polycormones
before raw material collection and after three collections,
indicates that the age of these individuals does not vary on
a statistically significant level (7.314.3 years versus
7.3+£3.7 years).

The age distribution in a population consisting of indivi-
duals that grow iteratively in terms of diagnostics is not very
significant. The distribution of module ages or even deve-
lopmental stages are far more precise indicators of change.

DISCUSSION

According to Grime (1979), three types of selection deci-
de which strategy is employed: competition (C), stress (S)
and disturbance (R). In this system, C. majalis is a C-S stra-
tegy species that is used to moderately intense stress and
weak environmental disturbances. A similar strategy is ap-
parent for Maianthemum bifolium (Czarnecka 1986) and
Mercurialis perennis (Grime 1979). C. majalis makes su-
rvival organs in the form of renewal buds and seeds (strate-
gy features C), has a long-term underground system which
collects products of photosynthesis (strategy S), and is also
characterized by a small biomass effort on generative re-
production (a common feature of both C and S).

The basic adaptive strategy of multi-module perennials is
their longevity which they achieve by the renewal of vege-
tative structures (Harper and Ogden 1970; Watkinson and
White 1985). The creation of new shoots leads to a decrea-
se in the risk of individual death. Thanks to this ability,
a C. majalis clone can exist in the same place for a period
of even 670 years (Oinonen 1969).

In a C. majalis population, despite the natural tendency
of individuals to grow and create a complex, multi-module
architecture, the construction of the majority of individuals
is very simple (Kosinski 1998). Based on the material col-
lected, it is difficult to stage definitively why the majority
of individuals in the C. majalis population consists of only
one or two modules and why a large polycormone is not al-
ways the final pattern in the architecture of a mature indivi-
dual. The results obtained indicate that in coenopopulations
which only reproduce vegetatively (in Melico-Fagetum and
Tilio-Carpinetum), polycormones have more complex ar-
chitecture than in the coenopopulations that reproduce ge-
neratively (in Betulo-Quercetum and Fago-Quercetum).
The simpler structure of a majority of individuals may also
result from intraclone density regulation, as suggested by
Harper (1985), when overlapping zones of resource deple-
tion of particular modules causes the necrosis of old modu-
les. This interpretation is valid for the undisturbed popula-
tion only in Betulo-Quercetum where the density and num-
bers of individuals with one and two modules was the grea-
test. In my opinion, the magnitude of the percentage of
small module percentages is also affected by the age distri-
bution, and the older the population the greater the number
of individuals with a simple structure, for example — the
undisturbed population in F-Q.

A common phenomenon of vegetative reproduction leads
to the creation of new structural units (modules), which va-
ry not only with size and habit but also with age. Harper
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(1980) sees multi-module organism growth as a demogra-
phic process. In the case of C. majalis, it is also a structure
forming process, which, on one hand, leads to the compila-
tion of polycormone architecture, and, on the other, to its
disintegration, especially during aging.

Grazing animals damage plants, and this also influences
the life span of the plant. The effects of grazing depend,
among other factors, on the plant’s life form (Falinska
1996). Results obtained by Krylova (1993) indicate that
populations of C. majalis that were moderately grazed ha-
ve a greater density the following year, while populations
that were intensively grazed for a couple of years, become
completely extinct. Results obtained by Rabotnov (1985b)
indicate that grazing or cutting of some plants, e.g. Anemo-
ne fasciculata, leads to significant changes in the architec-
ture of the individual and in the structure of the population.
It was confirmed that the earlier the cut, the greater the
changes in the population age distribution. Similar reac-
tions are also observed among C. majalis, which may re-
sult from disturbances in the development of the individual
architecture and renewal of populations caused by simula-
ted cuts during the period of full plant development.

As a result of cutting the aboveground organs, C.majalis
rhizomes produce less renewal buds, individuals regenerate
weakly and have a simpler structure. After repeated shoot
cutting regressive traits became visible so in order to prese-
rve natural populations of C.majalis only single harvest
should be permissible.
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WPLYW POZYSKIWANIA PEDOW
NA STRUKTURE WIEKOWA POPULACJI CONVALLARIA MAJALIS L.

STRESZCZENIE

Przedstawiono strukture stadiéw rozwojowych i strukture wiekowa populacji Convallaria majalis L. Obiektem
badan byty osobniki i ich moduty z populacji w Betulo-Quercetum, Fago-Quercetum, Melico-Fagetum i Tilio-
Carpinetum, w ktérych raz w roku, przez trzy kolejne lata Scinano liscie i kwiatostany C. majalis.

W regionalnej populacji C. majalis byto 1/2 modutéw maturalnych, 1/5 juwenilnych, 1/4 senilnych i bardzo
nieliczna frakcja modutéw generatywnych. W Fago-Quercetum senilnych modutéw byto 4-krotnie wigcej niz ju-
wenilnych, natomiast w Melico-Fagetum frakcja modutéw juwenilnych byta 4 razy liczniejsza niz senilnych. Sre-
dni wiek modutu wynosit 4,7+3,8 lat. W populacji dominowaty osobniki 3-letnie, natomiast 10-letnie i starsze by-
1y nieliczne.

W populacji zaburzanej trzykrotnym zbiorem surowca frakcja modutéw juwenilnych zmniejszyta si¢ o potowe
a generatywnych — nie pojawita si¢. Skutkiem tego $redni wiek modutéw byt wyzszy niz w populacji nie zaburza-
nej. Wycinanie lisci i kwiatostandw jest istotnym czynnikiem powstrzymujacym rekrutacje juwenilnych modutéw.
Rozrastanie si¢ osobnikéw spoczywato na modutach, ktére osiggnety zdolno$¢ do pomnazania przed pojawieniem
si¢ zaburzenia. Mniejsza byta frakcja osobnikéw mtodych (3-4 letnich), a dominowaty osobniki 3-6 letnie.

SLOWA KLUCZOWE: Convallaria majalis L., roslina lecznicza, struktura wiekowa, wycinanie pedow.
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