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Abstract

Permanent plots and repeated mapping of the initial primary succession in the
abandoned sedimentation basin in Chvaletice (E Bohemia, Czech Republic)
demonstrated plant cover dynamics of colonizing species living in an extreme
environment. The analysis used autocorrelation and cross-correlation (Mo-
ran’s I) over lags in space and time (13 years long period). Short-lived and long-
lived (clonal) plants exhibit complementary small-scale dynamics characterized
by clumping in space. Variation among plants is increased by pioneer woody
species with different features in their bionomy and a different tolerance to-
wards stress and disturbance.After more than one decade of complicated deve-
lopment of the vegetation, the following stand components alternate their do-
minant position, depending on the actual year’s conditions: Vicia tetrasperma
(annual), Calamagrostis epigejos and Phragmites australis (clonal grasses), Be-
tula pendula and Populus tremula (trees, clonal – the second one).
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Introduction

Colonization of unfavourable substrata, such as human-made deposits, largely
depends on the ability of plant individuals to establish locally; these colonized
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patches further serve both as sources of diaspores and centres for clonal growth
to unoccupied sites. Field observations suggest that any microscale environ-
mental fluctuation near the deposit surface from year to year could slow down
or divert the successional process.

In the youngest successional line, there are species of different growth forms
coexisting together. There are plants of both unitary individuals (Vicia tetra-
sperma, Betula pendula and occasionally Populus tremula seedlings) and parts of
individuals (ramets) and/or polycormones (Calamagrostis epigejos, Phragmites
australis, occasionally P. tremula). Apparently, the plant assemblage is compo-
sed of species differing in life strategy and ecology; this is partly due to a sequen-
ce of different environmental episodes: abandoned bottom of the former sedi-
mentation pond is the source of Ph. australis and Salix sp. div. (Kováfi 1979),
surrounding ruderal stands on the pyrite surface are the source of C. epigejos,
B. pendula and P. tremula (Dostál 1997). Surface fire and dispersal by ants con-
tribute to the spread of V. tetrasperma (·tefánek 2004; Jare‰ová, Kováfi 2004).
Spatial growth dynamics of each of these ecologically dissimilar species is like-
ly to differ, with important consequences for the colonization dynamics and suc-
cession rate of the community.

Examining the plant cover dynamics of colonizing species living in extre-
me environment helps to identify space-encroachment strategies that plants
use to cope with temporal and spatial changes at the site (Urbanska 1997;
Willems, Bobbink 1990). Permanent plots with a small-scale monitoring sys-
tem were used to study the initial primary succession in the abandoned sedi-
mentation basin in Chvaletice (E Bohemia, Czech Republic; see Kováfi
1999). In the present study, we used repeated mapping of the same area and
subsequent spatial statistics to identify how important are fine-scale coloni-
zation dynamics, and how individual species differ in the spatial patterns of
their growth.

Methods

In 1986, nine 1 ¥ 1 m permanent plots were established in the unreclaimed
plateau of the abandoned sedimentation basin in Chvaletice, to follow plant
cover dynamics in the youngest successional line. The stand was structurally
very simple, dominated by the clonal grass Calamagrostis epigejos with the
presence of sparse tree seedlings (Betula pendula, Populus tremula, Salix sp.
div.), a stress-tolerant littoral macrophyte Phragmites australis and an annual
legume Vicia tetrasperma. The substrate surface was overgrown with cryp-
togams and herbs (tree seedlings appeared but disappeared later). The plots
were recorded annually (end of June) from 1986 to 1998 (13 years). The pre-
sence of all plants were recorded in 5 ¥ 5 cm squares into which the 1 ¥ 1 m plots
were subdivided.
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Data analysis

Spatial autocorrelation was calculated using Moran’s I (Upton, Fingleton 1985).
For single-species data, both spatial autocorrelations (up to the lag of 2 cells)
and temporal correlations (up to the lag of 9 years) were calculated. Approxi-
mate significance of the spatial correlation was determined by full randomisati-
on of the grid data (200 randomisations); a significance threshold of 0.05 was
used. Small-scale cross-correlations (at the level of individual 5 ¥ 5 cm squares)
were also measured by means of Moran’s I; their approximate significance was
assessed by means of the rotational/reflexion/positional shift of one grid (Pal-
mer, van der Maarel 1995); individual grids were kept separate in these rando-
misations.

Results and discussion

Spatial relationships

Spatial correlation of the main species with Calamagrostis epigejos in the aban-
doned sedimentation ore-washery material (calculated over the whole data-set
of 13 years) indicate generally negative, albeit weak, relationships of Calamag-
rostis with herbs (Phragmites australis, Vicia tetrasperma) and with Populus tre-
mula. These plants tend not to occur in the tussocks of Calamagrostis. In con-
trast, the other woody species (in particular, Salix sp. div., to a lesser degree
Betula pendula) show a positive correlation with Calamagrostis (Fig. 1), indica-
ting perhaps a sheltering effect of the grass on their seedlings. Succession on the
deposited raw material starts from perennial grasses (C. epigejos, Ph. australis);
small seedlings of all the plants including annuals rarely survive episodes of sur-
face overheating (Hroudová, Zákravsk˘ 2004) and may benefit from sheltering
by established plants of Calamagrostis.Also, seedlings of woody species (B. pen-
dula, P. tremula, Salix sp. div., occasionally Populus alba, P. nigra or Pinus sylve-
stris) may even die under the stress.The semi-open stand with dominant grasses
resists colonization by shrubs and trees for a longer time, especially in this type
of nutrient-poor soil (Rebele 1992). In respect to dicussions about the character
of succession on anthropogenic substrates (primary vs. secondary, e.g., Miles
1979; Pfadenhauer et al. 1986), the facts mentioned above show that the process
of primary succession is important in this case.

The spatial pattern of individual species results from their ways of dispersal,
growth forms and strategies of space occupation (e.g., Malkinson 2003). Spatial
autocorrelations (Fig. 2) show differences when the nearest (lag = 1) and the
next nearest (lag = 2) cells are calculated (Herben et al. 1995). In the current da-
ta, V. tetrasperma (an herb) and B. pendula (a tree) are plants with very low spa-
tial autocorrelation even over small lags; this is due to their largely generative
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type of reproduction with no clonal growth. In contrast, the grasses C. epigejos
and Ph. australis, with higher values of autocorrelation, form more compact
aboveground structures. Clonal woody species Populus tremula and Salix sp. div
are somewhere in the middle; they tend to be slightly more aggregated in space
than Betula and Vicia, but with much lower intensity than the clonal grasses.

Temporal relationships

Seedling recruitment of Calamagrostis epigejos is generally infrequent in indu-
strial substrates (Lehman 1997). This is dependent on the optimal course of the
spring meteorological regime and because of its prevailing form of its propaga-
tion, consisting of creation of a number of ramets (Bryndová, Kováfi 2004). The
species is capable of reproduction on sites polluted by heavy metals or by sul-
phur, where most other plants are eliminated (Rebele 1996).A common way of
spread is multiplication of shoots: the stronger the stress (e.g., salinity, overhea-
ting of the soil surface or shortage of water), the higher the density of ramets
and the slower the growth rate, as seen in the ore-washery deposit compared
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Fig. 1: Correlation of the other species with Calamagrostis epigejos using data of cells 5 ¥ 5 cm
(BP – Betula pendula, PT – Populus tremula, SX – Salix sp. div., PC – Phragmites australis,

VT – Vicia tetrasperma).
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with the ash-deposit (Kováfi 1999). Patterns of temporal autocorrelations wide-
ly differ between the species, indicating very different patterns in occupation of
space (Fig. 3). Most species, (e.g., Phragmites australis, Salix sp. div. and Betula
pendula) tend to occupy a site for a few years (temporal autocorrelation is po-
sitive over 3 years for Phragmites and Salix and over 4 years for Betula) and
then disappear. In these species, the autocorrelation is never negative, indica-
ting that once-occupied sites are not avoided by newly establishing individuals.
This contrasts with Populus tremula and C. epigejos. These species differ in their
spatial persistence (it is very high in Populus where the autocorrelation is posi-
tive up to a lag = 10, and weaker in Calamagrostis), but turn negative at large
temporal lags, indicating that once-occupied sites are less likely to be colonized
by newly establishing individuals than sites that have never been occupied.
A moderate increase in the overall trend may be seen after the fire in 1994 (·te-
fánek 2004) when most of the tree species (in the form of growing seedlings)
were destroyed and the released nutrients supported plant growth. The occur-
rence of the annual plant Vicia tetrasperma was random both in time and space
(absent before the 1994 fire). Also, the presence of the clonal common reed
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Fig. 2: Spatial autocorrelations of the all species present (lag = 1 and lag = 2) using data 
of cells 5 ¥ 5 cm (BP – Betula pendula, CE – Calamagrostis epigejos, PT – Populus tremula,

SX – Salix sp. div., PC – Phragmites australis, VT – Vicia tetrasperma).
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(Ph. australis) was sporadic and random in spite of the early starting point whe-
re a clump of ramets was present before dying later. A good example of diffe-
rent ecological behaviour is provided by comparing two woody plants, the clo-
nal tree P. tremula and the non-clonal one B. pendula. The decreasing temporal
autocorrelation of P. tremula can be explained as a result of thinning of young
seedlings, which was slightly compensated for later by rejuvenation from un-
derground tillers of the surviving individuals. By this way, a relatively dense and
homogeneous aspen stand, of shoot height about 0.5–1 m, was formed prior to
the mid-1990s. This could be (together with similar conditions in the herb layer,
dominated by the grass C. epigejos) a supporting factor for the easy rise of the
midsummer fire in 1994, due to accummulation of flammable plant biomass and
extreme temperatures at the soil surface (·tefánek 2004).

The distribution of B. pendula was similar at the beginning of the monitored
succession, however its ability to substitute aboveground biomass after exclu-
sion of part of the individuals is strongly limited due to its non-clonal nature.This
was probably one of the reasons why the proportion of young trunks after the
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Fig. 3: Temporal autocorrelations of the all species present (lag = 1 … lag = 5) using data 
of cells 5 ¥ 5 cm (BP – Betula pendula, CE – Calamagrostis epigejos, PT – Populus tremula,

SX – Salix sp. div., PC – Phragmites australis, VT – Vicia tetrasperma).
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fire in 1994 rapidly shifted towards aspen (P. tremula), in addition to the effecti-
ve use of released nutrients by its developing network system of subsurfacial til-
lers. The behaviour of willows (Salix sp. div.) may be interpreted as a combina-
tion of both previous species. Their ability to spread clonally is limited in this
habitat by water stress, however, their seedling bank is restocked every year
with many new individuals from a heavy seed rain. The seeds are then exposed
to massive selection.

In general, our results are in agreement with those from other types of com-
munities. In particular, growth form (woody, annual, clonal) is the most important
factor determining the spatiotemporal patterns of species (Herben et al. 1995):
short-lived and perennial (clonal) plants exhibit complementary small-scale dy-
namics characterized by different clumping in space. Further variation among
plant species is due to the existence of pioneer woody species with different
growth forms and also different tolerances to stress and disturbance. In general,
the clonal growth strategy (Fig. 3) seems to be more important for the spatiotem-
poral dynamics of species than their lifespan or whether they are woody or not
(for example, Calamagrostis epigejos and Populus tremula). After more than one
decade of complicated development of this stand, both species are the main com-
ponents of the present plant cover of the abandoned sedimentation basin.
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