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ABSTRACT

Two populations of Iris sibirica, a clonal species protected by law in Poland, occurring in patches of Molinie-
tum caeruleae, of similar floristic composition although with different dominant species, were studied. In the Sta-
nistawice locality, species with a high competitive potential prevailed, contrary to the Opatkowice locality, where
the species of low competitive potential dominated. It was established that vegetative propagation ensures the
continued presence of populations in both localities, although the proximity of plants with high competitive po-
tential limits the vegetative propagation of ramet clusters of Iris sibirica. Despite the high level of seed produc-
tion, the recruitment of seedlings in both patches is possible only in artificially created gaps. The field observa-
tions support the conclusion that creating gaps allowing for germination of seeds and development of seedlings,
as well as eliminating expansive neighbours allowing proliferation of ramet clusters of Iris sibirica, is an affective

way of protecting populations of this species.
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INTRODUCTION

The occurrence of different species within a small space
involves their interactions, including the competition for li-
ght, water and mineral compounds. As a result of such
competition, the populations of the same species occurring
in different communities may be characterised by different
patterns of population dynamics. These patterns were first
noted for aclonal plants, which represented a more conve-
nient subject for studies, because of their unitary growth
pattern, short life span, and solely generative manner of re-
production (e.g.. Wilkon-Michalska 1976; Watkinson and
Harper 1978; Symonides 1979a, 1979b, 1979c; Law 1981,
Falinska and Piroznikow 1983; Watkinson and Davy
1985). Much less known is the population number dyna-
mics in clonal species, with a multi-shoot architecture of
individuals, longevity, as well as propagation of both gene-
rative and vegetative ways (cf. Faliniska 1986, 1995; Czar-
necka 1989; Cain and Damman 1997; Brzosko 2001).

Studies carried out on the populations of clonal plants re-
vealed the great variability in the dynamics of their popula-
tions in different communities. The diversified reproduc-
tion and mortality rates, which determine the age structure,
were observed, in the populations of Carex cespitosa, Fili-
pendula ulmaria, Iris pseudacorus, Maianthemum bifolium,
M. dilatatum, and Serratula tinctoria (Falinska 1986, 1995,
2003; Czarnecka 1989; Brzosko 2001; Lezberg et al. 2001;

Bissels et al. 2004). Despite the growing interest in popula-
tion biology of clonal plants, the current level of knowled-
ge is still inadequate. It holds particularly with respect to
rare and protected species. The studies that take into acco-
unt the effect of neighbouring plants, and particularly do-
minant species, on the population dynamics of endangered
taxa, can provide a basis for effective protection program-
mes.

In Poland, one of the rare and strictly protected clonal
plants is Iris sibirica, a species which belongs to Euro-Si-
berian sub-element. The greatest numbers of localities of
this taxon occur in Lower Silesia, the Lublin upland and
Roztocze, whereas the lowest numbers are recorded in the
Baltic coastal area and western Pomorze (Pomerania) (Za-
jac and Zajac 1997). The populations of Iris sibirica occur
in various plant communities. They are found in flood pla-
in forests of the alliance Alno-Ulmion, oak-hornbeam wo-
ods (Tilio-Carpinetum), oak woods (Potentillo albae-Quer-
cetum), pine forests (Pino-Quercetum) and pine forests
with moor grass (Molinio-Pinetum). They were also recor-
ded in macroforb community (Filipendulo-Geranietum), as
well as in matt-grass communities (Nardo-Juncetum squa-
rosi). However, the populations of this species are found
most often in moor-grass meadows (Molinietum caeruleae)
(Kostrakiewicz 2001, 2004).

Iris sibirica is a long-living clonal plant, with numerous
leaf rosettes and flowering shoots, connected by permanent
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rhizomes with short internodes. It is characterised by the
iterative growth of genets resulting from processes of dy-
ing, regeneration and proliferation occurring at variable in-
tensities in subsequent stages of development. Iris sibirica
reproduces in generative and vegetative manner. Vegetati-
ve reproduction consists of the proliferation and fragmen-
tation of individuals (cf. Klime$ et al. 1997; Klime$ and
KlimeSowa 1999). The main objectives of this study were
to learn: (1) how the individual development of genets in
Iris sibirica occur (2) how important is the vegetative re-
production to the preservation of this rare species, (3) whe-
ther generative reproduction is possible, and if so, under
what conditions it occurs, (4) what are the effects of these
two manners of propagation on the population number and
structure, and (5) how to protect the populations of this ta-
Xon.

STUDY AREA

The studies were carried out in two localities in southern
Poland. These were Stanistawice (49°58” N, 20°22’ E) in
the Podgérze Bocheniskie foreland at the elevation of 199.5
m a.s.l., and Opatkowice (50°04° N, 19°50” E) situated in
the southern part of Krakéw, at 234 m a.s.l.

The patches of Molinietum caeruleae occurring in these
localities are remnants of once vast meadows, which exi-
sted along the Vistula River from Czernichéw to the Nie-
potomice Primeval Forest (Zarzycki 1956, 1958). The flora
and plant communities of the moor grass meadows in
Opatkowice were studied earlier by Dubiel (1991, 1996).
The location of Iris sibirica in Stanistawice has been de-
scribed only relatively recently (Kostrakiewicz 2000). The
patches of Molinietum caeruleae in the study area are cha-
racterised by the presence of a large number of rare and
protected species, such as: Dianthus superbus, Gentiana
pneumonanthe, Gladiolus imbricatus, Trollius europaeus
and Orchis latifolia. Unfortunately, the communities of this
type are rapidly disappearing. The International Union for
the Conservation of Nature (ICUN) has listed them among
the most endangered plant communities in Europe (Deni-
siuk 1991). Among the factors affecting their elimination
are drainage practices and extensive management. When
the cutting of meadows ceases, shrub vegetation is allowed
to invade, which in turn brings about rapid changes in the
herb layer of these meadows (Barabasz 1998; Denisiuk
1965, 1987; Kostrakiewicz 2000, 2001).

The moor-grass meadows where this study was conduc-
ted had not been managed for at least a dozen years. The
information obtained from interviewing local residents in-
dicates that a patch in Stanistawice had not been cut or gra-
zed for just such a period. The patch in Opatkowice has not
been used since at least 1995 (Denisiuk et al. 1995). Both
patches have a similar floristic composition, but differ in
respect of the dominant species (whose coverage exceeds
50%). In Stanistawice, these are tall perennial plants with
fleshy and deeply rooted rhizomes and perennials forming
large compact tussocks. According to Grime’s classifica-
tion (Hunt et al. 2004) these species are characterised by C-
-type strategies (Phragmites australis, Chamanerion angu-
stifolium, Epilobium hirsutum), C/CSR (Lythrym salicaria),
C/SC (Juncus conglomeratus), CSR (Valeriana officinalis),
and SC-type strategies (Molinia carulaea). In the Opatko-
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wice site prevailed plants of a less competitive potential.
The dominant species there were some small-tussock spe-
cies, or others with delicate, shallowly rooted rhizomes or
stolons, which were either strategists of an S-type (Briza
media), S/CSR (Lotus corniculatus), CSR (Lathyrus pra-
tensis, Lychnis flos-cucculi, Holcus lanatus) or a CS/CRS-
type (Galium verum).

MATERIAL AND METHODS

The studies were carried out during the period 1999-
-2002. A genet and a cluster of ramets were adopted as the
basic demographic units. A genet (genetic individual) is
a plant which, despite its multiplication, emerged from
a single zygote. The term “genet” was applied to plants in
the earlier stages of development (initial, juvenile, or early
generative), because only at these stages could it be establi-
shed for sure that they had developed from the same zygo-
te. As regards plants in the later stages (generative, senile,
or fragmentation), these were referred to as clusters of ra-
mets, meaning an aggregation of generative shoots and ro-
settes formed in the course of vegetative proliferation of
a genet or genets. The cluster of ramets may therefore, be
either a genet or a group of independent units emerging as
a results of the fragmentation of a genet or fragmentation
of several genets. The term ramet denotes a single rosette
of leaves or a generative shoot.

In 2000, the Stanistawice population consisted of 502
clusters of ramets and covered 5600 m?, whereas the Opat-
kowice population consisted of 26 ramets covering 1800
mZ. In order to study the individual development genets in
Iris sibirica, a morphological analysis was performed with
respect to individuals grown in experimental gardens and
those growing in the wild. In 1999, in the experimental
garden, 50 seeds were planted on each of six plots, and the
observation of genets was observed throughout the first th-
ree years of their lives. Each year, 3 or four well-grown in-
dividuals were removed and their morphological structure
analysed. In the year 2000, 10 older genets were dug up
from the field locations. This small number of collected ge-
nets reflected the need to protect the local populations of
Iris sibirica. After the underground parts were dissected,
the ages of the plants were determined by analysing the an-
nual increments of rhizome segments (cf. Lukasiewicz
1966), assuming that in a single year only one the rhizome
segment develops — as reported by Kirchner (1934). In ge-
nets collected from the experimental garden and from natu-
ral locations, the leaf rosettes and generative shoots were
counted. The surface of the genets was measured at the
ground part, in the widest and narrowest places, along per-
pendicular lines. On the basis of this information, the age
stage of each individual was determined. The age stage
identification followed the classification proposed by Fa-
linska (1986, 1995). This author determined these classes
by analysing the individual growth of Iris pseudacorus and
Filipendula ulmaria genets, which show the same architec-
ture and growth strategy as Iris sibirica.

The effectiveness of the vegetative reproduction was
estimated by the increases in the number of above ground
units, the surface area of the genets, and the ramet clusters.
In the year 2000, ten genets in the initial stage of develop-
ment, and growing in the experimental garden were selec-
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ted and marked, and their continuing development monito-
red throughout 2001 and 2002. At the same time, 5 clusters
of ramets were selected and marked at each of the various
stages: generative, senile and fragmentation. Every year,
the rosettes and generative shoots were counted, and the
areas of the clusters of ramets were measured. The statisti-
cal analysis applied the Student t-test for tied pairs.

The effectiveness of the generative reproduction was
estimated on the basis of a number of seeds produced by
particular clusters of ramets in the whole population, and
on the recruitment and survivability of the seedlings. The
number of seeds produced by a cluster of ramets was esti-
mated by multiplying the number of capsules in a given
cluster by the average number of seeds calculated for 50
selected ramets. The statistical analysis of differences in
the number of seeds produced in different stages, popula-
tions and years was performed using the Mann-Whitney
U test.

The recruitment of seedlings was studied in a fully com-
pact herb layer and in experimentally created gaps. In order
to assess this, in the year 2000, 6 plots of 1 m? size were
randomly selected in each of the two studied meadow pat-
ches. In three plots, all vegetation cover and litter was re-
moved except for the ramet clusters of Iris sibirica present
in situ. The remaining plots were left untouched. From the
clusters of ramets occurring in the plots, all seeds were re-
moved and counted before being sown on the same plots.
The fate of the seedlings was monitored throughout the ne-
xt two vegetation seasons. In 2001 and 2002, all capsules
formed by individuals growing in the plots were removed,
to eliminate recruitment from the then germinating seeds.

In order to determine the changes in population numbers
and age structures in the period 2000-2002, the genets and
clusters of ramets were counted and their age stage establi-
shed in squares of 100 m? size on sites occupied by the stu-
died populations.

RESULTS

Growth and development of the genets of Iris sibirica

Six developmental stages of Iris sibirica were distingui-
shed: seedlings, juvenile, early generative, generative, se-
nile and the fragmentation stage (Table 1). The observa-
tions carried out in the experimental garden showed that
the seedlings appear throughout summer till late autumn,
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from seed sown in the previous year (Fig. 1). Near the end
of the first season, the genets consist of a single leaf rosette
with a small root system, and their area ranges from 0.15 to
0.25 cm?. In the second year of life the individuals move
into the juvenile stage (Fig. 2). At this stage, they have se-
veral leaf rosettes and occupy an area of 1 to 2 cm?. The
early generative stage appears during the third year of life,
when the genets are formed by more than ten rosettes and
one or two flowering shoots (Fig. 3). During the observa-
tions in natural conditions, it was found that the generative
stage continues from the fourth till the seventh year of life.
At this stage, the genets have distinctly developed stolons
and large numbers of rosettes and generative shoots. The
studied individuals had from between 60 to 160 rosettes
and 7 to 26 generative shoots. The area of the genets ran-
ged from between 110 and 513 cm?. The senile stage lasts
from the eighth till the tenth year of life and is characteri-
sed by advancing senility of the oldest sections of the rhi-
zomes. Genets then form rings with gradually increasing
“empty centre”, i.e. without shoots or rosettes, located in
the middle of organism. The individuals at this stage, col-
lected in the field, contained a number of rosettes ranging
from 141 to 238, and from 11 to 18 generative shoots.
They occupied an area of 650 to 1100 cm?. After the tenth
year of age, the fragmentation stage occurs. At this stage
no flowering shoots appear and rosettes form aggregations
separated by senile rhizomes. The ageing processes prevail
over regeneration, leading on to the death of an individual,
or its oldest parts, but most often to its splitting into several
parts. In the specimens observed, the number of leaf roset-
tes ranged from 216 to 225, and the area — from 1230 to
1380 cm?.

Dynamics of the studied populations

The vegetative reproduction in Iris sibirica consists of
the proliferation of individuals followed by their fragmen-
tation. The proliferation of the genets and the clusters of ra-
met resulted in increasing numbers of leaf rosettes and ge-
nerative shoots. The highest effectiveness of vegetative
propagation was observed in the early age stages. At the
juvenile and early generative stages, a severalfold increase
in the numbers of above-ground parts and their surface are-
as occurred (Table 2). In the later life stages, the effective-
ness of the vegetative reproduction had gradually decrea-
sed (Table 3). In two years in the ramet clusters at the ge-
nerative stage, the number of ramets increased on average

TABLE 1. Characteristics of developmental stages of Iris sibirica on the basis of chosen genets. The developmental stages: S. — seedlings; JUW. — juvenile;
E. GEN. — early generative; GEN. — generative; SEN. — senile; FRAG. — fragmentation. If more than 1 genet was studied the average value was set.

Site Developmental Age (years) Number Number Number Area of genets
stage of genets of rosettes of generative shoots (cm?)
Experimental garden S. 1 3 1 - 0.2
JUW. 2 3 5.0 - 1.5
W. GEN 3 4 13.2 1.5 8.6
Natural locality GEN 4 1 60 7 110
GEN 6 2 102.0 15.0 307.5
GEN 7 1 152 25 513
SEN 8 1 141 12 650
SEN 9 2 173.6 16.8 1046.0
SEN 10 1 238 8 1100
FRAG 12 1 216 - 1380
FRAG 13 1 225 - 1230
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Fig. 1. Genet in initial stage.

Fig. 2. Genet in juvenile stage.

by 60.4 (66.8%) in Opatkowice, and by 55.6 (64.2%) in
Stanistawice. The area occupied by clusters increased in
Opatkowice on average by 232.4 cm? (93.3%), while in
Stanistawice — by 105.0 cm? (48.5%). In the clusters of ra-

Fig. 3. Genet in early generative stage.

mets at the senile stage, the average number of rosettes and
flowering shoots increased by 55.0 (33.0%) in Opatkowice,
whereas in Stanistawice — by 38.4 (21.70%). The area
occupied by ramet clusters in Opatkowice increased by
292.8 ¢cm? (37.0%), whereas in Stanistawice — it was by
171.0 cm? (22.3%). In the fragmentation stage, the number
of above-ground units decreased. In Opatkowice, the ave-
rage decrease was 14.6 (6.4%), whereas in Stanistawice —
it was 18.0 (7.8%). At this stage the area occupied by ra-
met clusters increased slightly: in Opatkowice — by an ave-
rage 49.2 cm? (3.8%), whereas in Stanistawice — by 35.8
cm? (2.8%).

The increase in population numbers of Iris sibirica may
also have been brought about by the generative reproduc-
tion in ramet clusters at the early generative, generative
and senile stages. At the early generative state, the presen-
ce of genets was not detected in any of the studied popula-
tion. In both populations more seeds were produced by the
ramet clusters in the generative stage than in senile stage
(Table 4). More seeds were produced by the ramet clusters
in the communities with plants of high competitive poten-
tial (Stanistawice), than in those living amidst weaker com-
petitors (Opatkowice). Both generative and senile clusters
of ramets produced the least quantities of seeds in 2001,
with moderate numbers in 2000, and the highest numbers
of seeds in 2002. In both populations, the differences
occurring in seed production were statistically significant.

Despite remarkable individual fertilities, no recruitment
of seedlings were recorded in a fully compact herb layer,
whilst similar numbers of seedlings appeared only in the
artificially created gaps (Table 5).

The numbers of both populations changed over the study
period (Table 6). The populations were smallest in the year
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TABLE 2. Number of rosettes, generative shoots and area of 10 marked genets of /ris sibirica observed in experimental garden. The developmental stages:
S. — seedlings; JUW. — juvenile; E. GEN. — early generative. * probability that average values for a given year do not differ from the average values for the

previous year.

Number of ramets Genets’ area (cm?)

Developmental Number

Year
stage of genets Average value Range Average value Range
S 2000 10 1.0 1-1 0.45 0.2-0.5
JUwW 2001 10 4.7%* 3-6 1.25%%% 1-1.5
E.GEN 2002 10 15.3%%* 12-18 8.67#** 8-9.5

*P<0,05; **P<0,01; ***P<0,001

TABLE 3. Ramets number and area of 5 marked ramet clusters of Iris sibirica observed in natural sites. The developmental stages: GEN. — generative;
SEN. — senile; FRAG. — fragmentation. * probability that average values for a given year do not differ from average values for the previous year.

Number of ramets Area of ramet clusters (cm?)

z:vzlopmental Site of observation Year
g Average value Range Average value Range
GEN Opatkowice 2000 90.4 68-111 249.0 110-358
2001 118.8%%#%* 87-136 384.2%% 182-447
2002 150.87%#* 117-169 481.4%** 241-530
Stanistawice 2000 86.6 63-109 216.2 132-306
2001 115.6%%%* 79-130 269.0* 169-399
2002 142.2%% 99-169 321.2%%* 191-483
SEN. Opatkowice 2000 163.0 146-182 789.8 775-820
2001 193.27%%% 168-216 931.0%%*%* 912-950
2002 218.0%%%* 199-232 1082.6%%%* 1009-1116
Stanistawice 2000 176.8 156-191 766.2 650-809
2001 192.0%* 170-210 860.6%+* 733-936
2002 215.2%% 186-247 937.2%% 793-998
FRAG. Opatkowice 2000 231.2 218-253 1278.2 1225-1398
2001 224.0* 213-247 1306.0* 1236-1412
2002 216.6%* 206-235 1327.4%%* 1315-1447
Stanistawice 2000 231.6 216-252 1238.8 1059-1331
2001 220.0%%* 210-243 1256.8%%* 1086-1346
2002 213.6%%* 204-237 1274.6* 1093-1359

*P<0,05; **P<0,01; ***P<0,001

2000 and higher in 2001. In Stanistawice, the recruitment
of seedlings constituted only a minor contribution, whereas
in the much smaller population in Opatkowice the 2001 in-
crease was almost twofold. In 2002, the numbers increased
slightly in both populations.

DISCUSSION

The absence of seedlings and young individuals obse-
rved in the first year of the studies indicates that, clonal re-
production is the principal mechanism underpinning the
continuing existence of the Iris sibirica population in moor
grass meadows. It was emphasised repeatedly, that vegeta-
tive propagation could assure the survival of populations of
various species in newly colonised sites (Harper 1977,
Abrahamson 1980; Van Groendael and de Kroon 1990; So-
ukupova et al. 1994; Oborny and Podani 1996; Van Groen-
dael et al. 1997; Eckert 2002). According to Klimes (1997)
and Klimes and KlimeSova (1999) Iris sibirica has a simi-

lar pattern of vegetative reproduction as Iris pseudacorus, I.
pumila, Filipendula ulmaria and F. rubra, involving slow
proliferation and fragmentation of genets. The most inten-
sive proliferation of individuals of these species occurs in
the younger age stages. In this period, the numbers of ra-
mets and individual areas increase remarkably. At later age
stages, the effectiveness of vegetative reproduction gradu-
ally declines. In natural conditions, the unabated growth of
individuals is occupied by neighbouring plants (Falinska
1986, 1995, 1997). Iris pseudacorus and Filipendula ulma-
ria proliferated most intensively in meadows, less intensi-
vely in macroforb communities, and even less in willow
shrubs (Falinska 1986, 1995). The differences in the proli-
feration rates of the genets of Filipendula ulmaria were al-
so noted in patches of meadows of different species com-
positions (Tamm et al. 2002). The observations of popula-
tions of Iris sibirica suggest that the proliferation of this
species is different even within meadows of similar species
composition, but with different dominant species. The pre-
valence of tall perennials displaying great competitive po-
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number of seeds produced by ramet clusters at generative and senile stage do not differ.
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tential inhibits the proliferation of /ris sibirica, whereas the
proximity of plants with low competitive potential exerts
very little inhibitive effects.

Despite the prevalence of vegetative over generative re-
production, the clonal plants are characterised by high seed
production. As with most species, in Iris sibirica, it is the
mature plants which produce most seeds, while with age-
ing the production of seeds declines. The production of se-
eds also depends on the weather, particularly on tempera-
ture. The studies carried out on Iris pumila showed that the
lower seed production resulted from the delay of flowe-
ring, whereas the increase in diaspore production resulted
from earlier flower setting (Tarasjev 2005). In the light of
these findings, the higher seed production in the popula-
tions of Iris sibirica in the years 2000 and 2002 could be
explained by the earlier flowering time brought about by
higher air temperatures. In 2000 and 2002 it started in the
2nd decade of May and lasted to the beginning of July,
whereas in 2001 it occurred from the 3rd decade of May
and ended in the 2nd decade of July (Kostrakiewicz 2006).

Despite of the significant fertility of individuals, the de-
velopment of genets of Iris sibirica occurred not in a fully
compact herb layer, regardless of neighbouring plants. It
was found only in gaps created specially for this purpose.
In result, the abundance in both populations increased and
the age structure rejuvenated. Recruitment of seedlings in
gaps only was observed also in Filipendula rubra and F.
ulmaria (Aspinwall and Christian 1992; Falinska 1997;
Kostrakiewicz 2003). The results of this study corroborate
the data obtained by Borkowska (2004) in observations of
the recruitment of clonal species seedlings in unmown me-
adows. She discovered that new genets appeared only in
the artificially created gaps, which are the safest sites for
germination, and regenerative niches as well. The role of
such gaps in the recruitment of seedlings was also empha-
sised by authors studying xerothermic grasslands (Rusch
1992; Rusch and Fernandez-Palacios 1995) or forest com-
munities (Sydes and Grime 1981; Errikson 1995; Vellend
et al. 2000; Dzwonko and Gawronki 2001, 2002).

The performed observations confirmed that neighbou-
rhood affects on mortality of Iris sibirica genets. Small-
tussock species with low competitive ability enable a high
survival of [Iris sibirica seedlings, whereas tall perennial
plants eliminate seedlings by shading them and by mecha-
nical effect of the vegetable mass. It should be mentioned
also that survival of seedlings of Iris sibirica was markedly
higher than the survival rate of Iris pseudacorus and Fili-
pendula ulmaria seedlings developing in artificially crea-
ted gaps and in natural conditions (Falifiska 1986, 1995).
Performed observations confirm that species of low and
high competitive ability did not accelerate the death of clu-
sters of Iris sibirica ramets.

To sum up, neighbourhood of small-tussocks species or
others with delicate, shallowly rooted underground organs,
occupying small areas enabled the vegetative growth of
Iris sibirica ramets clusters, ensuring them the occupation
of space. The neighbourhood of species with minor com-
petitive power favoured also the seedlings’ survival and
establishment of juvenile genets, leading to the increase of
population abundance and its rejuvenation. On the contra-
ry, tall herbs with robust underground organs occupying
large areas inhibited the enlargement of Iris sibirica ramets
clusters. Furthermore, species with great competitive abili-



Vol. 76, No. 2: 165-173, 2007

ACTA SOCIETATIS BOTANICORUM POLONIAE

171

TABLE 5. Recruitment of seedlings in plots in a fully compact herb layer and in experimentally created gaps: 1-3 — number of plots in a fully compact

herb layer; 4-6 — number of plots in experimentally created gaps.

Number of seeds

Number of seedlings Percentage of seedlings grown

in 2001 and 2002

Population Plot 2001 2002
Average value Range
Average value Range Average value Range Average value Range
Opatkowice  1-3 1105.3 943-1254 - - - - - -
4-6 1836.3 1612-1973 9.7 7-13 1.0 1-2 0.6 0.4-0.8
Stanistawice  1-3 891.7 566-1263 - - - - - -
4-6 1746.3 1645-1812 8.3 5-13 1.3 1-2 0.5 0.4-0.7

TABLE 6. Number of genets and ramet clusters in different development stages in studied populations, involving seedlings germinated in experimental
created gaps. The developmental stages: S. — seedlings; JUW. — juvenile; E. GEN. — early generative; GEN. — generative; SEN. — senile; FRAG. — frag-
mentation. The percentage of genets and ramet clusters at different developmental stages was set in brackets.

Developmental stages Number
Year of ramet
S J E.GEN GEN. SEN FRAG. clusters
Opatkowice 2000 0 0 0 13 (50%) 9 (35%) 4 (15%) 26
2001 29 (53%) 0 0 13 (24%) 9 (16%) 4 (7%) 55
2002 2 (4%) 23 (45%) 0 13 (25%) 9 (18%) 4 (8%) 51
Stanistawice 2000 0 0 0 191 (38%) 206 (41%) 105 (21%) 502
2001 29 (5%) 0 0 191 (36%) 206 (39%) 105 (20%) 527
2002 4 (1%) 17 (4%) 0 191 (36%) 206 (39%) 105 (20%) 523
ty speeded up the mortality of Iris sibirica seedlings, resul- CONCLUSIONS

ting in a lower increase of population numbers and its wea-
ker rejuvenation. Simultaneously it should be marked that
longer vegetative spread of species with low competitive
power dominated in Opatkowice most probably will not le-
ad to death of genets and clusters ramets of Iris sibirica,
whereas the very expansive species prevailing in Stanista-
wice could eliminate them. The same phenomenon was re-
corded in populations of [Iris pseudacorus, Filipendula
ulmaria in thistle meadows, and meadows dominated by
macroforbs and willows abandoned for 20 years (Falinska
2003).

The results of the presented study imply that vegetative
propagation ensures the survival of the populations, but re-
cruitment of seedlings allows an increase number and reju-
venation of the population. It was stressed repeatedly that
even a small recruitment increases the genetic variability of
the population and increases it chances of survival in
a changing environment. This is particularly important for
small populations endangered by extinction because of the-
ir too small gene pool. (Ellstrand and Roose 1987; Eriks-
son 1989, 1997; Widén et al. 1994; Lande 1988; Ellstrand
and Elam 1993; Honnay and Bossuyt 2005). This point has
also been confirmed in studies of many taxa nearing
extinction, e.g. Cypripedium calceolus (Brzosko and Rat-
kiewicz, Wréblewska 2002; Brzosko et al. 2002), Ranun-
culus reptans (Fischer et al. 2000), Gentiana pneumonan-
the (Krenova and Léps 1996) and Silene spaldingii (Lesica
1999). The observations made in this study, allow to conc-
lude that creating gaps which facilitatis the germination of
seeds and development of seedlings, combined with the re-
moval of expansive neighbours showing free proliferation
of the ramet clusters of [ris sibirica is an effective measure
of active protection of this species.

Six age stages were distinguished in the individual deve-
lopment of the Iris sibirica plants (Table 1, Figs 1-3). Ve-
getative proliferation in subsequent stages of development
varied. The highest increase in number of above-ground
units and the areas occupied by individuals occurred in the
juvenile and early generative stages. In the generative, se-
nile and fragmentation stages the proliferation declines gra-
dually (Tables 2 and 3). In the community where species of
high competitive potential dominate, the proliferation of
the Iris sibirica clusters is less intensive, whereas it is grea-
ter in the community of species showing a lower competiti-
ve potential. Despite the significant level of seed produc-
tion (Table 4), the increase in the number of genets resulted
solely from the recruitment of seedlings in artificially crea-
ted gaps (Table 5). The recruitment and development of se-
edlings in subsequent years contributed to the rejuvenation
of population age structure (Table 6). On the basis of the
observations made in this study, it may be concluded that
creating gaps facilitating the germination of seeds and de-
velopment of seedlings, combined with the removal of
expansive neighbours containing a free proliferation of the
ramet clusters of I7is sibirica, is an effective measure of ac-
tive protection of this species.
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