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ABSTRACT

The frequency distribution and density of three life stages as well as fitness components of the perennial plant
Colchicum autumnale growing in the unmanaged road verges and in the extensive mown and grazed meadows in
the Sudeten Mts. were studied. Furthermore, investigated were the effects of population size and plant size (mea-
sured as number of flowers) on reproductive success and explored if variation in reproductive and vegetative traits
of adults could be associated with soil characteristics. The t-test indicated that proportions of subadults and repro-
ductive adults were significantly lower in verge than in meadow populations, and of vegetative adults significan-
tly higher. The plant density of reproductive adults and the reproductive adults to all adults ratio were significan-
tly lower in verge populations compared to meadow populations. Although habitat type accounted for significant
variation in stage structure, no significant difference was found between vegetative and reproductive traits in adult
plants, except for the number of flowers. In verge populations the number of flowers was significantly lower as
compared to meadow populations. The traits related to reproduction were not significantly influenced by popula-
tion size. However, the proportion of flowers setting fruit decreased significantly with increasing number of flo-
wers. The stepwise multiple regression revealed significant relationships between soil characteristics and number
of fruits per plant, fruit set, number seeds per plant and number of leaves in vegetative adults. The results suggest
that the creation of the low and relatively open vegetation cover could increase the chance of persistence of C. au-
tumnale living in verge habitats by promoting of seed germination, seedling establishment and flowering, and
they also show that the reproductive success and vegetative components of fitness are most likely influenced by
habitat quality.
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ductive success, soil characteristics.

INTRODUCTION

Remnant semi-natural habitats such as verges and dit-
ches often act as a refuge for meadow plant species less to-
lerant of intensive meadow and pasture management (Blo-
mgqvist et al. 2003). These small landscape elements are
subjected to higher environmental stochasticity and in long
term may not represent a safeguard for local populations
(Endels et al. 2002; Jacquemyn et al. 2003). The habitat
remnants contain rather small populations of typical spe-
cies (Schmidt and Jensen 2000) and these populations face
an increased risk of extinction (Fischer and Matthies 1998;
Leimu and Syrjidnen 2002). The relationship between spe-
cies and their habitats is strong and complicated (Pullin
2002). In recent years known were the adversely affects of
habitat fragmentation on structure populations and fitness
components, not only rare (Fischer and Matthies 1998;

Lienert et al. 2002; Jacquemyn et. al. 2003), but also com-
mon species (Leimu and Syrjinen 2002; Hooftman and
Diemer 2002; Lienert and Fischer 2003). The other factors,
including local habitat conditions, disturbances and com-
petition with weeds can be just as important as impacts of
habitat size and isolation (Hobbs and Yates 2003) and they
can affect the population persistence (Endel et al. 2002; Ja-
cquemyn et al. 2003). The stage structure of population
can be a much better indicator of its conditions than its age
structure (Hutchings 1997; Falinska 2004). The analysis of
stage structure can be used as a good tool for quick asses-
sment of viability of plant populations (Oostermeijer et al.
1994; Biihler and Schmid 2001; Hegland et al. 2001). Spe-
cific plant traits, such as size and floral display, can influ-
ence the fecundity of an individual plant (Brys et al. 2004).
Changes in population fecundity may have large implica-
tions for seedling recruitment and demographic structure
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of a population (Brys et. al. 2003). Several studies have be-
en conducted on population-stage structure and also on ve-
getative and reproductive characteristics of forest herbace-
ous plant species in contrasting habitat types, such as ditch
banks, verges of arable field, grasslands and pastures, hed-
gerows, ancient forests, recently established forests (Jacqu-
emyn et al. 2003; Brys et al. 2004; Endels et al. 2004). So
far, the research on demographic structure in populations
of meadow plant species concerned mainly the description
of viability of populations in relation to environmental fea-
tures, such as the surrounding vegetation structure, compo-
sition, and soil characteristics, management and altitude
above sea level (Oostermeijer et al. 1994; Biihler and
Schmid 2001; Hegland et al. 2001).

A good understanding of relationships between
plant’s responses and habitat type and habitat quality is es-
sential for effective conservation and management not only
of rare and threatened plant species but also common ones
(Hegland et al. 2001; Lienert et al. 2002; Jacquemyn et al.
2003; Vergeer et al. 2003). This information is important if
we are to predict the survival of plant species in modern,
cultural landscapes (Endels et. al. 2002).

The objective of this paper was to investigate the influ-
ence of habitat type and its quality on population persisten-
ce of Colchicum autumnale, a meadow specialist in the Su-
deten Mts.

The following questions were posed:

1. Are there differences in stage structure, reproductive
and vegetative fitness traits of C. autumnale in populations
occuring in road verges, as compared with populations
occuring in meadows?

2. Is reproductive success related to population size and
plant size measured as the number of flowers?

3. Is there a relationship between soil conditions and re-
productive and vegetative traits?

4. Will road verges in the long term effectively act as ha-
bitat refuges for C. autumnale?

MATERIAL AND METHODS

Study species

Colchicum autumnale (meadow saffron) is an iteroparo-
us perennial geophyte with a corm. It mainly occurs in the
southern part of Poland (Zajac and Zajac 2001). This plant
is a characteristic indicator species of moist meadows of
the Molinietalia order and a differential species of pastures
of the Festuco-Cynosuretum alliance (Matuszkiewicz
2001). In recent decades, a clearly decline in number of lo-
calities of this species was recorded (Zarzycki et al. 2002).
The species is threatened due to picking flowers in early
autumn, digging out entire plants for the private garden use
as well as destroying its habitats by drainage and plou-
ghing of meadows (Pigkos-Mirkowa and Mirek 2003). C.
autumnale suffers also from intensive mowing, grazing and
treading as well as nitrogen fertilization and herbicide tre-
atment (Rutkowska 1984). This plant is not threatened with
extinction in the Sudeten (Fabiszewski and Kwiatkowski
2002). It occurs mainly in meadows, that are still under tra-
ditional management, such as mowing and haymaking or
seasonal grazing by domestic cattle and is occasionally fo-
und in remnant semi-natural habitats — verges and ditches
(Mréz 1996).

Mréz L.

Meadow saffron has an unusual life cycle, flower from
August to October and fruits in June. Outbreeding with
occasional self-fertilization seems to be the predominant
breeding system. Flowers are mainly pollinated by flies
and bees, sometimes also butterflies (Persson 1993). The
interval of time between pollination and fertilization is mo-
re than six months (Harper 1977). In spring, higher tempe-
ratures induce the emergence of leaves (hysteranthous),
followed by the fruits (capsules). Myrmecochory is a gene-
ral form of seed dispersal. The seeds have an elaisome
which is attractive to ants (Persson 1993). Vegetative re-
production of adult individuals can occur. Every year
a mother corm produces one or, sometimes, two daughter
corms. A corm is in fact constituted by only one internode
with two buds (Poutaraud and Girardin 2003). Reserve
buds intermittently give rise to new plants via extra corm
almost as large as the main corm and remain attached to
them. Vegetative offspring spread is restricted and occurs
within very short distances from the mother plant (Persson
1999). Plants produced from seeds rarely flower before the
5 year (Persson 1993; Poutaraud and Champay 1995) while
plants from daughter corms may flower already next year
(personal observations of the autor).

Study area and data collection

The study area is located in southwestern Poland in Su-
deten Mts. The altitude is approximately 350-400 m above
sea level. The slope varies from 2° to 10°. The soils are loa-
my-clays with a low skeleton part content. The non-fore-
sted parts of the study area are almost all haymeadows and
pastures. Arable land is relatively uncommon.

Field studies were carried out in 2000 and 2001 in 15 po-
pulations (Table 1). Ten populations occured in meadows
extensively mown and grazed, which are referred to simply
as meadow populations in the remaining text. Five popula-
tions occur in the unmanaged dirt road verges close to sh-
rubs, which are referred to as verge populations. The mea-
dows were composed of primarily Achillea millefolium,
Pantago lanceolata, Ranunculus acer, Sanquisorba offici-
nalis, Trifolium pratense, Viccia cracca, Dactylis glomera-
ta, Festuca pratensis, Phleum pratense, Poa pratensis. The
verges were composed of primarily Festuca pratensis, Hol-
cus lanatus, Poa pratensis, Plantago lanceolata. The popu-
lations are of different effective size (number of flowering
plants), area, vegetation type neigbouring, isolation (the di-
stance from one study population to its nearest neighbour
population) and barrier (Table 1).

For description of stage structure (sensu Rabotnov 1985;
Oostermeijer et al. 1994), i.e., the relative proportions
and/or densities of individuals in different ontogenetic sta-
ges of the life cycle of populations of C. autumnale three
different stages were used:

1) seedlings and juveniles with one leaf (i.e. sub-adults),

2) vegetative adults with two or more leaves (non flowe-
ring),

3) reproductive adults with flower, having two or more
leaves.

At flowering time, in September 2000 in each population
were randomly selected and tagged ten 1 m x 1 m plots for
later re-identification. To avoid possible edge effects on
stage structure and fitness components, in verge popula-
tions plots within a distance of 1 m from edges of remnant
habitats were not chosen. In each plot for an assessment of
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TABLE 1. Number of habitat, coordinates, habitat type, management status, vegetation type neighbouring habitat and barrier type, distance to nearest
habitat, population size (number of flowering plants), area extent of population C. autumnale for the 15 study sites.

No. Coordinates Habitat Management, neighbouring vegetation Distance (km) Population size ~ Area extent (m2)
type type and barrier
1 50°56°39’N verge unmanaged / shrubs / road 0.2 34 180
16°03°04E
2 50°56’39’N meadow mowing / hedgerows / road 0.2 174 400
16°03°04E
3 50°56’41’N meadow mowing / woodland / road 0.6 318 860
16°02°34E
4 50°56’41°’N meadow mowing, grazing / woodland / road 0.2 1238 22 500
16°02°34E
5 50°56’46’N meadow mowing, grazing / woodland / road 0.2 487 4200
16°03°08"E
6 50°57°23’N verge unmanaged / shrubs / road 1.5 41 300
16°02°26"E
7 50°59°37°N meadow mowing / woodland, hedgerows / road 0.5 528 4200
16°04°28E
8 50°59°35"’N meadow mowing, grazing / woodland / road 0.5 934 8000
16°05°32"E
9 50°59’54’N meadow mowing, grazing / woodland / road 1.5 297 3300
16°06’12"’E
10 50°42°37’N verge unmanaged / shrubs / road 5.5 56 200
16°08°38'E
11 50°21’10’N verge unmanaged / shrubs / road 2.5 293 470
16°39°33"E
12 50°22°48’N meadow mowing, grazing / grassland / road 0.8 634 7200
16°31°47E
13 50°22°21’N meadow mowing, grazing / grassland / road 0.5 168 1200
16°32°39E
14 50°22°25’N verge unmanaged / shrubs / road 0.5 138 400
16°32°20"E
15 50°06°39’°N meadow mowing, grazing / woodland / road 1.8 246 1250

16°41°18E

proportions and densities of reproductive adults were co-
unted. Next these reproductive adults were mapped. For
these adults, flowering characteristics were determined
(Table 2).

At the end of June 2001, all location were visited for the
second time and in tagged plots the sub-adults were coun-
ted, vegetative adults not attached to the mother plants and
the remaining attached to mother plants (i.e., vegetative
daughter adults) and fruiting plants. The following rates
were calculated: the ratio of vegetative daughter adults to
the number of reproductive adults; the ratio of reproductive
adults to the total (vegetative + reproductive) number of
adults. Afterwards in each plot, one mature, unopened fruit
was randomly collected; their seeds were counted and wei-
ghed after drying to constant mass at 70°C. For adults a va-
riety of fitness traits was measured (Table 2). The total flo-
wer production increased with increasing number of leaves

(p<0.05). The number of flowers was used as an estimate
of plant size. Reproductive success was determined as
number of fruits per plant, fruit set, number of seeds per
plant, total seed weight per plant (sensu Brys et al. 2004).
For all locations, where stage structure, reproductive and
vegetative variables were determined in C. autumnale, ten
soil samples (30 cm-deep cores) were taken in the neighbo-
urhood of the sampled plants. These samples were air-
dried, thoroughly mixed and passed through a 2 mm sieve.
The pH and available nutrients P, K, Mg, Ca and total
N and S were determined. The pH was measured in a 1
M KCl solution. The nutrients were extracted using an ace-
tic acid (pH 3.1) solution. K, Ca were measured by means
of flame photometry and Mg with use of atomic absorption
spectrophotometry, P by colourimetrically with vanadium
molybdate. Soil total N content was determined by the
Kjeldahl’s method and total S content was determined by
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TABLE 2. Overview of plant traits, measured in C. autumnale and total number of reproductive and vegetative adults sampled for each trait. Variable

type: r — reproductive fitness trait, v — vegetative fitness trait.

Number of plants sampled in

Trait Variable type

verges meadows
Reproductive adults
Number of flowers per plant r 154 577
Length of longest flower (cm) r 154 577
Diameter of longest flower (cm) r 154 577
Number of fruits per plant r 147 556
Fruit set = number of fruits/number of flowers per plant r 147 556
Number of seeds per plant = number of seeds per fruits X number of fruits per plant r 147 556
Mean individual seed mass = total seed mass from ten fruits/number of seeds (mg) r 147 556
Total seed weight per plant = total number of seeds per plant X mean seeds mass (mg) r 147 556
Number of leaves (cm) \ 154 577
Length of longest leaf (cm) N 154 577
Width of longest leaf (cm) v 154 577
Vegetative adults
Number of leaves (cm) 267 502
Length of longest leaf (cm) 267 502
Width of longest leaf (cm) 267 502

Carbo Erba NA-1500 CNS Analyzer. The microelements
Fe, Mn, Cu, Zn, Cd and Pb were extracted using an HNOj;
(conc.) and HCI (conc.) and measured with AAS (Perkin
Elmer ASS 3300). All analyses were done in duplicate.

Data analysis

The significance of differences between proportions and
densities of different stage states, ratios, reproductive and
vegetative traits collected in verge and meadow popula-
tions were tested with the t-test. Since the size of a popula-
tion and plant traits can be an important factor influencing
the reproductive success of plant populations, simple linear
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Fig. 1. Effect of habitat type on relative proportions of three developmental
stages of C. autumnale in 15 populations. Indicated are mean percentages.

regression (Pearson’s correlation was used) were perfor-
med to investigate the possible relationships between po-
pulation size, plant size (measured as number of flowers)
and fruit set, number of fruits per plant, number of seeds
per plant, total seed weight per plant. Since soil variables
were partly interdependent, the PCA (principal component
analysis VARIMAX normalized) was used to reduce the
set of variables to uncorrelated components. To investigate
whether there were relationships between chemical compo-
sition of soil and vegetative and reproductive traits, sample
scores for rotated principal components were used as soil
variables for further multiple, stepwise regression analysis
(with forward stepwise procedure). Forward steps include
the most significant term into the model that satisfies the
probability to enter. The fitness traits of reproductive and
vegetative adults were used as dependent variables. Soil
variables were used as independent variables. If the raw
data were not normally distributed, the data were transfor-
med to meet the assumptions for parametric tests. Angular
transformation (arcsin) for proportions, square root trans-
formation for densities and logarithmic transformation for
ratios and reproductive and vegetative traits was applied
(Zar 1999; Lomnicki 2003). All analyses were performed
with Statisica 6.0 program (StatSoft Inc. 2003).

RESULTS

Stage structure, fitness components and habitat type

The proportion of plants of all stages differed significan-
tly between the two studied habitats. In verge populations
the proportions of sub-adults and reproductive adults were
significantly lower, and of vegetative adults significantly
higher as compared with meadow populations (Table 3,
Fig. 1). No significant differences in density of sub-adults
and vegetative adults between verge and meadow popula-
tions were found. However, plant density of reproductive
adults was significantly lower in verge populations as com-
pared with meadow populations (Table 3, Fig. 2). In verge
populations, the ratio of vegetative daughter adults to the
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TABLE 3. Results of t-test of mean estimates of proportions, densities of
three developmental states, ratios and fitness traits of. C. autumnale. t-sta-
tistic and significance (at p<0.05) are shown for each test.

Variable t P
Proportion

Sub-adults -2.19 0.047
Vegetative adults 3.59 0.003
Reproductive adults -2.99 0.01
Density

Sub-adults -2.02 0.063
Vegetative adults -0.29 0.77
Reproductive adults -3.31 0.006
Ratio

Vegetative daughter adults/ reproductive adults 4.40 0.0007
Reproductive adults/all adults -3.45 0.004

Reproductive fitness traits

Number of flowers/plant -6.13 0.00004
Length of longest flower 0.82 0.43
Diameter of longest flower -0.13 0.90
Number of fruits/plant -0.54 0.60
Fruit set 1.97 0.07
Number of seeds/plant -1.23 0.24
Total seed weight/plant -0.44 0.67
Vegetative fitness traits
Reproductive adults
Number of leaves 0.63 0.54
Length of longest leaf 0.36 0.72
Width of longest leaf -1.84 0.09
Vegetative adults

Number of leaves -0.26 0.80
Length of longest leaf -0.29 0.77
Width of longest leaf 1.46 0.17

number of reproductive adults was significantly higher, the
ratio of reproductive adults to the total number of adults
was significantly lower as compared with meadow popula-
tions (Table 3, Fig. 3). The length, diameter of longest flo-
wer, number of fruits, fruit set, number of seeds per plant,
total seed weight per plant, number of leaves, length and
width of the longest leaf of reproductive and vegetative
adults did not differ significantly between the two habitat
types. In verge populations, the number of flowers was si-
gnificantly lower as compared to meadow populations (Ta-
ble 3, Fig. 4).

Population size, plant size and reproductive success

The population size did not significantly influence nei-
ther the number of fruits per plant (r=0.22, p=0.44, n=15),
nor the fruit set (r=-0.20, p=0.46, n=15), number of seeds
per plant (r=0.44, p=0.09, n=15) or totat seed weight per
plant (r=0.34, p=0.20, n=15). This suggests that traits rela-
ted to reproduction were not significantly influenced by
population size.

The plant size measured as number of flowers was nega-
tively correlated with the proportion of fruit set (r=-0.67,
p=0.006, n=15; Fig. 5). However, the number of fruits per
plant was independent of plant size (r=-0.04, p=0.88,
n=15), and of number of seeds per plant (r=0.046, p=0.87,
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n=15) and total seed weight per plant (r=-0.20, p=0.46,
n=15).

Reproductive and vegetative traits and status of soil

The number of fruits per plant, fruit set, number of seeds
per plant and number of leaves per vegetative adult, are
mainly determined by soil characteristics (Table 4 and 5).

The standardized partial regression coefficient () indi-
cated that the response was significant positively (p<0.05)
related to PC 1 (principal component axis 1, increasing
pH, Ca and Mg) for number of fruits per plant, fruit set
and number of seeds per plant, and to PC 2 (principal
component axis 2, increasing N and K and decreasing Cu)
for number of leaves per vegetative adult. The relationship
was significantly negative between PC 2 and number of
fruits per plant and number of seeds per plant, and betwe-
en PC 3 (principal component axis 3, decreasing Fe and
Mn and increasing Cd) and number of leaves per vegetati-
ve adult.

DISCUSSION

In the present study a significant reduction of proportions
of sub-adults and reproductive adults was observed, as well
as the increase of vegetative adults in verge populations as
compared with meadow populations (Table 3, Fig. 1). Re-
duced seedling performance, and increased number of ve-
geteative adults in populations were found in the two com-
mon fen spiecies Carex davalliana in response to isolation,
and Succisa pratensis in response to small habitat size (Ho-
oftman et al. 2003). The lower sub-adults performance in
habitat shows that the conditions must be suboptimal for
seedlings recruitment and growth of juveniles (Endels et al.
2004). The seeds of Colchicum autumnale are generally ri-
pe at the end of June. Germination occurs mainly in au-
tumn. The seed germination rate is very low, based on la-
boratory germination tests (Poutaraud and Champay 1995).
The seedling recruitment in populations is conditioned by
the safe-sites for germination and by the growth form of
neighbours (Isselstein et al. 2002; Falinska 2004). The stu-
died meadows are annually mown for hay, at the end of Ju-
ne or at the beginning of July, whereas the verges are not.
Due to the lack of appropriate management, seed germina-
tion and seedling survival can probably hamper the necro-
mass accumulation and the vegetation layer as a result of
the canopy-shrubs shade. Abandonment of mowing, may
be the first step in population decline, causing a reduced
germination or seedling recruitment. It is very likely that
this process will not actually cause the population extinc-
tion, but it will obviously affect the population size and
composition (Endels et al. 2002). Density of reproductive
adults was significantly decreased in verge populations
(Table 3, Fig. 2). Such significant lowered densities of re-
productive adults were observed in rare species Swertia pe-
rennis in isolated, small fens, that may be a result of arre-
sted individual adult growth (Lienert et al. 2002). Moreo-
ver, these studies revealed the significantly lower repro-
ductive adults to all adults ratio in verge populations (Ta-
ble 3, Fig. 3). In response to deterioration of habitat condi-
tions, plant populations may not reproduce (Falifiska and
Gliwicz 1986). Thus it seems that the conditions of verges
are not favourable for this species and this may negatively
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affect the population viability in the future. However a si-
gnificantly higher ratio of vegetative daughter adults to the
number of reproductive adults in verge populations as
compared with meadows, was observed (Table 3, Fig. 3).
Godet (1987) noticed that, depending on the site, from 0%
to 30% of the reserve buds of mother corms develop simul-
taneously in September to give two new plants in June. Po-
utaraud and Girardin (2003) pointed out, that in the cultiva-
ted crop, 47% of the fruiting plants produced two new

plants (corms) every year. In verge populations 26% of sin-
gle mother corms produce two daughter corms as compa-
red with 9% in meadow populations. This indicates that
meadow saffron may have compensated for the negative
effects of remnant habitats via increased clonal growth.
The vegetative reproduction in clonal species plants ena-
bles the spatial and temporal dispersal and ensures long-
term existence in their habitat (Falifiska 2004). Though the
number of individuals of C. autumnale is augmented in this
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Fig. 5. Relationship between number of flowers and proportion of flower
setting fruit of C. autumnale in 15 populations. Open circles — verge po-
pulations; filled circles — meadow populations.

way, but the area of each clone and of the population will
grow rather slowly (Persson 1993).

The habitat type gave account of the significant variation
in stage structure however, no significant difference was
found between the vegetative and reproductive traits in
adult plants, except for the number of flowers (Table 3,
Fig. 4). Plants of C. autumnale in verge populations produ-
ced less flowers than plants in meadow populations. A re-
duced number of flowers in small populations was found in
the grassland species Gentiana cruciata (Kery et. al. 2001)
and the forest herb Primula elatior (Jacquemyn et. al.
2002) and the wetland specialist Primula farinosa (Lienert
and Fischer 2003) and it were attributed to reduction of in-
dividual fitness of plants. C. autumnale is a short-day
plant, light demanding (sun species) but it also is periodic
shade-tolerant (Pigckos-Mirkowa and Mirek 2003). The lo-
wer light availability, especially during the short day, dela-
ys flowering and reduces the potential reproduction, so it
causes that some plant species do not flower after reaching
maturity, or develop only single flowers (Falinska and Gli-

Mréz L.

TABLE 4. Principal components analysis (PCA) factor loadings for 13
soil variables determined in the soil samples from 15 populations after
varimax rotation. Only principal components with eigenvalues greater
than 1 are presented. Factor loadings in italics indicate variables signifi-
cantly correlated with given principal component. Together, the three
axes explained 70.4% of the total variance.

Soil variable Principal component axis

1 2 3
pH 0.83 0.23 0.13
N -0.37 0.78 -0.14
P 0.63 0.51 -0.05
K -0.30 0.80 0.41
Ca 0.88 0.03 0.25
Mg 0.89 -0.25 0.20
N 0.35 0.54 0.34
Fe 0.01 -0,1 -0.82
Mn -0.08 0.1 -0.89
Cu -0.28 -0.79 -0.10
Zn 0.64 0.06 -0.09
Pb 0.13 0.56 -0.04
Cd 0.55 -0.14 0.72
Eigenvalue 3.83 2.90 243
Variance explained 34.19 22.14 14.10

(% of total)

wicz 1986). The nearest neighbour plants (mainly grasses
and shrubs) have probably reduced the quality of the habi-
tat by competition and increasing shading consequently af-
fecting the flowers display in verge populations. Godet
(1987) remarked, that the decrease in competition with
plants on a natural site induced the increase in number of
flowers of C. autumnale.

In this investigation, the proportion of flowers setting
fruit decreased significantly with increasing number of flo-
wers (Fig. 5). Willson (1991) and Leimu and Syrjidnen
(2002) pointed out, that in milkweeds and in Vincetoxicum
hirundinaria (Asclepiadaceae) the individuals with a higher
number of flowers attract more pollinators and have higher
male reproductive success an increased pollen donation,
but lower rates of fruit production (less than 10% in V. hi-
rudinaria). In C. autumnale 45% to 98% of flowers produ-

TABLE 5. Multiple stepwise regression analyses (forward selection) of habitat quality (three PC axes) on vegetative and reproductive fitness components
of C. autumnale. Only the significant models and the significant predictor variables, after forward selection are shown.
f — standardized partial regression coefficient; t — t-statistic; p — probability level; df — degrees of freedom; MS — mean square; F — F-statistic; R? — square

multiple regression coefficient.

ANOVA
Variable
§ t p df MS F p
Number of fruits per plant (R2=0.77)
PC1 0.72 4.95 0.0004 Regression 3 0.0054 12.19 0.0008
PC2 -0.44 -3.02 0.012 Residual 11 0.00045
Fruit set (R2=0.52)
PC1 0.72 3.81 0.0022 Regression 1 0.0093 14.53 0.0022
Residual 13 0.00064
Number of seeds per plant (R?=0.60)
PC 1 0.53 2.79 0.018 Regression 3 0.0152 5.50 0.015
PC2 -0.47 -2.46 0,032 Residual 11 0.0028
Number of leaves per vegetative adult (R2=0.57)
PC2 0.56 2.96 0.0119 Regression 2 0.0032 8.06 0.006
PC3 -0.51 -2.72 0.019 Residual 12 0.00039
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ced fruits (capsules). The costs of fruit production and the
pollination efficiency interact (Lee 1988). Fruit (capsules)
produced by meadow saffron are big, ca. 3-6 X 1.5-2.6 cm
(Persson 1999). In plants with big fruits the resources of
maternal plant may limit the number of produced fruits
(Lee 1988). Another possible explanation for the reduced
fruit set in individuals with a higher number of flowers is,
that biotic interaction between plants and pollinators may
have become disrupted. In autumn relatively few insects,
mainly flies and bees are active. An increase in pollination
success during a harsh season for insects may be realized
by large flowers, long exposure of flowers and self-pollina-
tion. All these adaptations can be found in C. autumnale
(Dafni 1996). However, Godet (1987) and Poutaraud and
Girardin (2003) stated that the number of fruiting plants of
meadow saffron can fluctuate depending on the year, pro-
bably due to the lack of pollination.

Several authors (Schmidt and Jensen 2000; Jacquemyn et
al. 2002, 2003) indicate, that soil characteristics may influ-
ence the variation of reproductive components. In this stu-
dy it was shown that several components related to repro-
duction, i.e. the number of fruits per plant, fruit set and
number of seeds per plant and one vegetative component,
i.e. the number of leaves of vegetative adults was signifi-
cantly related to soil parameters. The soil pH, Ca, Mg con-
centration and N, K and Cu content appeared to be the ma-
in factors determining the reproductive success of this spe-
cies (response was positive and negative respectively); soil
N, K and Cu concentration and Fe, Mn and Cd content ap-
peared to be the main factors determining the growth of the
vegetative plant parts in vegetative adults (response was
positive and negative respectively; Table 4 and 5). This is
in agreement with data of Litynski and Jurkowska (1982),
who reported that fruit and seed production as well as the
growth of vegetative parts of plants are closely associated
with the soil macro-, and micronutrient level (primarily N,
K, Ca, Mg, Fe, Mn, Cu) with the exception of Cd. Cad-
mium is a heavy metal which can be strongly phytotoxic. It
seems that soil Cd concentration can be detrimental to the
growth of young plant species and can significantly modify
the growth parameters (Kabata-Pendias and Pendias 2001).

Many studies have found a positive relation between po-
pulation size and reproductive success of plants (Fischer
and Matthies 1998; Schmidt and Jensen 2000; Jacquemyn
et. al. 2002, 2003; Brys et. al. 2004), although no clear as-
sociation was also observed (Mustajdrvi et al. 2001; Leimu
and Syrjanen 2002). In this study, the traits related to re-
production were not significantly influenced by population
size. It appears that the reproductive success of C. autum-
nale is in small populations not necessarily lower as com-
pared to larger populations.

The results of this study suggest that competition (light
availability) and management practice, contribute to the
variation in population-stage structure and display flower
of C. autumnale. The reproductive success may be influen-
ced by plant size measured as number of flowers and soil
characteristics. The status of soil can also influence the va-
riation of vegetative fitness components, i.e. number of le-
aves of vegetative adults.

It seems that seed germination, survival of sub-adults
and promotion of flowering plants is possible in verge po-
pulations, if the conditions are created by the low and rela-
tively open vegetation cover. In general, meadows have
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a higher probability of occupation than verges, so it indica-
tes that the verges may be less able to support sustainable
populations of meadow plant species. In verge populations
the sub-adults were present, but most of the plants were
adult individuals. Populations, in which recruitment occa-
sionally took place, but the adults still made up the largest
part of the population, were classified as stable (normal)
populations (Jacquemyn et. al. 2003; Brys et al. 2003).
Thus, the road verges in the study area, seem to be occu-
pied by stable populations of C. autumnale. The obtained
study results confirm the findings of Endels et al. (2004),
that small landscape elements, in areas, which were never
very intensively cultivated may contain viable (i.e. stable
or growing) populations of corm geophytes.
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