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Abstract. At the border of the Hungarian Central Mountain ggaand the Hungarian Great Plain
Brachypodium pinnatunis a dominant component of the herb layerQfercus pubescens
oakwood. In HungaryBrachypodiungrasslands are of very high diversity and natooalservation
value because they preserve many elements of idfiealrforest-steppe flora. During the secondary
succession after deforestation xeromesophiBrachypodium pinnaturmommunity develops and
gradually turns into xerophilous grasslands.

Spatial organization and compositional differemiatof Brachypodium pinnatuntommunities
were studied in three stands representing theiy,emiddle, and late secondary successional
phases. Presence/absence of species were dete@8a 110 grids of contiguous 5x5 cm micro-
guadrats, and analysed by using information sigist

Early phase was characterized by a coalition ofienggecies. Xeric and mesic grasses formed
coalition in the middle phase but they were segeshymn the late successional phase. However, the
pattern of species replacement was diffuse andugfatlring the transformation process.

Keywords information theory, spatial pattern, xeromesophdograsslands, fine-scale spatial
organization, species coalitions
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Introduction Barthaet al. 1995). Several authors emphasized the
importance of frequency changes of significant
Statistically determined associations betweeimterspecific associations in successions (O’'Connor
species and species groups are considered to beamd Aarssen 1987, Leps and Burianek 1990, Matus
important feature of a plant community (Kershawand Téthmérész 1990, Myster and Pickett 1992 and
and Looney 1985). Margdczi 1995). Van der Maarel stressed in one of
Analysing the spatial pattern of individualhis reviews (1996) the ecological significanceifet
species in natural and disturbed communities hagquence of observations and spatiotemporal pattern
been still very frequent, and interest in this tobas analyses.
been continued since the pioneering work of Greig- Recently increasing evidences suggest that
Smith (1952,1961), Hurlbert (1969) and Kershawomplex patterns of vegetation and species populat-
(1959, 1960, 1963). While in the ,golden age” ofions exist at a range of spatial and temporal scale
pattern analysis about 20 years ago (Greig-SmitBreat stohastic spatiotemporal variability in distr
1983, Kershaw 1973, 1985, Schluter 1984) at mobution and abundance of species or species groups
one and two-species patterns were studied, recentlas often revealed which was in many interpretation
multispecies patterns (e.g. Bartha 1992, JuhaszNagonsidered to be an inherent stochastic charaéter o
1976, 1984, Podaret al. 1993, Dale 1991, 1995) successional patterns to support the individualisti
and coalitions or functional groups have beeand stochastic concept of vegetation. Howevergther
received considerable attention (Wilsehal. 1994, are many results even at fine-scales, which coiutrad
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to the individualistic view and show determinisiticrates. Nowadays, remnants of forest, shrub vegetati
feature of the relationships between species amthd a series of grassland communities of
populations (Gigon 1996) or non-randomness oferomesophilous to xerophilous character can be
pattern of individual species (Turkingtehal. 1985, found along the 2 km long northeasterly slopesef t
Thorhallsd6ttir 1990, Watkin and Wilson 1992).loess valley. For more details about the descriptio
Challenges for ecologists to know more about thef the vegetation and its landscape-level hetero-
spatial organization of species during successiomgneity see Fekett al. 1998.
have still remained. Brachypodium pinnatunplays a central role in
In this paper we study the compositionathe course of secondary succession following defo-
differentiation of a xeromesophiloBrachypodium restation. This species was the dominant component
pinnatumcommunity at fine-scale. Transformation ofof the sparse undergrowth layer of the former dry
species composition, fine-scale spatial patterrs awakforest.
coalition structures were analysed along a succes- The stands oBrachypodium pinnatungforest
sional gradient characterized by the gradual changemnants) have survived for many decades after
of xeromesophilous Brachypodium pinnatum deforestation. Some of them are able to preserve
community into xerophilous ones. many shade-tolerant forest species, while the sther
This work is part of a larger project dealing withbecome saturated by the xerothermic grassland
vegetation dynamics, as well as species replacemesptecies. Characteristically, the standsBofchypo-
and microstructure changes Bfachypodiumcom- dium pinnatum community of the open and sunny
munities at different spatial and temporal scales. areas became closed and dense after the removal of
The main purpose of the present paper is twees. Gradual abundance declineBoachypodium
reveal the differences in the fine-scale structofe pinnatumthrough the secondary succession can be
local species coexistence in a changing vegetation regarded as long term responses to the lack oftfore
different successional stages. We are especialiyicroclimate and tree canopy closure.
interested in the changes of pairwise associations Our target object is a xeromesophildBachy-
between species. podium pinnatum community, which represents an
Two hypotheses were tested. Whether 1) speciegermediate stage along a forest - steppe floristi
replacements are diffuse and random or particulgradient on the study area. It has developed during
coalition structure is developing, as well as 2)ixe the secondary succession after deforestation asd it
and mesic species are assembled randomly or thgsadually turning into xerophilous communities
are segregated into microhabitats of different tligh(Feketeet al. 1998).

conditions and water availability. Three types of the xeromesophiloBsachypo-
dium pinnatumcommunity developed during the past

Material and methods 100 years were selected for the present study. They
are different floristically and coenologically from

Study site each other in various degree, however these

~communities” did not receive a separate syntaxono-
Field studies were carried out in a local naturenical status. For convinience, the terms of ,com-
conservation area in the north part of Hungary. munity” and ,stages” will be used alternatively
The investigated area is located 25 km east ddrther in this paper.
Budapest at the border of the G6dolld Hills. Theaar These communities are as follows:
is part of a forest steppe zone at an altitudeOgf- 2 Forest-type oBrachypodium pinnatursommu-
230 m above sea level. The climate of the area sty represents an early phase of secondary succes
intermediate in character between the continentalon. It can be found along the edge (ftaegus
climate of the Great Plain and the subcontinentahonogynashrub on slopes influenced by shadow of
climate of the hilly-country. The mean annualCrataegusplants and also of small groups of white
temperature is 8 and the mean annual precipitatioroaks. Coverage ddrachypodium pinnaturamounts
is about 600 mm. Brown forest soil of chernozento 60-70% or more. The stand is dense and closed,
character is typical on the loess substrate. where the average height of the sward is about®60-6
The study area was formerly covered by drgm. A litter thickness is 10-15 cm. It preserves
Quercus pubescermakwood. Most of it was cut in numerous shade-tolerant forest plant species & res
the early 1900’s (Military Survey 1883, 1943). Thisof the earlier forest, whereas the number of steppe
forest activity resulted in a wide range of halsitex  plants is very low here.
which diverse vegetation types formed by local Transitional-type of Brachypodium pinnatum
secondary successions of different directions amtbmmunity representing the middle successional
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phase is a so-called mixed type of high mesic argtales between 5x5 cm and 5x150 cm, we created a
xeric species diversity dominated by many dicots anseries of 2x2 contingency tables for each paiaahe
broad-leaved grasses. The sward is of low saturatioscale. Association between two species was
with light closure (50-60%). The height of sward iscomputed from the 2x2 contingency table and it was
30-45 cm, the litter thickness is 5-10 cm. Totalero expressed by their mutual information, 1(A,B) (see
of Brachypodium pinnatunis only 15-35%. Many Juhasz-Nagy 1980, 1984, and Juhasz-Nagy and
xeric species are favoured Byachypodiumcanopy Podani 1983 for details of the computation.)
thinning. Coverage dfestuca rupicola— pioneer of Significant associations were detected by Monte
xerothermic grasslands — often also amounts ne@arlo randomization tests. We applied complete
25%. The number of steppe species is relativellp higandomization (Diggle, 1983) that randomizes
approaching to 15-20, and their total cover igompletely the positions of individuals (the preses
sometimes considerable (35-55%). in our case) of each species within the whole grid
Steppe-type oBrachypodium pinnaturaommu- (Site model, Watkins and Wilson 1992), but keeps
nity represents a late successional stage of thiee number of species and their frequencies constan
gradient from forest to steppe. The height of sward i.e. same as in the field. Significance of observed
30-35 cm, and the litter thickness is only 2-6 ¢m. value can be calculated as probability of the olesbr
mainly develops on upper part of slopes to S, so0 ivalue under the null hypothesis, i.e. the propartd
habitat is fairly warm and dry. The forest plantdMonte-Carlo randomizations in which the random
tolerant to shade are strongly suppressed heléA,B) is more extreme than the observed value.
Coverage ofBrachypodium pinnatuntonsiderably 5000 randomizations were applied in each test. The
decreased and the vitality of this grass is mualeio sign of associations was detected by comparing the
than it was in the former vegetation type, yellogvin sums of the frequency of the diagonal cells inzk@
of leaves can often be observed. Gaps in the swazdntingency table (comparing a+d to b+c) (Kershaw
are significant giving opportunity for colonizing 1964). According to our experiences (Bartha and
more and more steppe plants. AbundancEestuca Kertész unpublished), beside the interspecificiapat
rupicola and many other steppe plants isdependence, this method might detect additional

considerable. significant positive associations due to autocatrel
ions (i.e. the aggregated patterns of species)edls w
Field sampling When we repeat the analyses at several sampling uni

sizes, the interval of spatial scale of significant

We chose physiognomically uniform stands ofissociations increases due to autocorrelations.
each community occurring close together in spac@&extural constraints also influence these scales
They are all surrounded bBromus erectugrass- (Bartha and Horvath 1987, Téthmérész and Erdei
lands, which means a similar coenological environt992). The type of randomization applicable to grid
ment in the neighbourhood of each stand. The standses not allow us to separate these effects. Toveref
of three successional stages represent also a ligte did not interpret the scale of associationseAft
gradient associated with the declining dominance &lurveying the significant associations at all sangpl
Brachypodium pinnatum unit sizes, an association was considered to be

At a fine-scale 25 cfncontiguous plots were positive if it was always positive. If the sign of
sampled. Presence/absence of species were deteasslociations between two species changed with,scale
in 20x110 grids of contiguous 5x5 cm microquadratare considered it as negative, because the additiona
in June. Vegetative units of all plants rooted irpositive association might indicate autocorrelation
microplots were also counted. For all graminoidenly. The same technique was successfully applied
vegetative units are defined as tillers. Small begsl  for successional data by Bartha (1992). Frequefcy o
with only young small leaves were not includedsignificant positive and negative associations were
since they differ much from the more establishedalculated for each successional stage (expressed a
plants, as well as from their dynamics (Herle¢ral. percentage of the potential maximum, i.e. the numbe
93). of possible species pairs). To avoid artefacts tdue

rarity and due to the limited sample size, rarecigse
Computerized sampling and data analysis (with frequency less than 1%) were omitted from the
analyses.

From the 20x110 grids of presence/absence data Plexus diagrams depicting the significant
computerized sampling were performed (Podarpositive and negative associations (Mcintosh 1978)
1984a,b, 1992). Repeating the sampling proceduveere displayed in the case of all species and famnly
with increasing sampling unit sizes across a rarfge the graminoids.

TISCIA 31 5



Considering the coenological and ecologicatase offFestuca rupicolaand Bromus erectusthan
affinities of the species we distinguished 3 groaps their frequency values.
species (guilds) in our site, such as the so-called
forest species (i.e. mostly mesic, shade-toleraiigble 1. Some textural attributes in 3 successiatages of
species), the steppe species (i.e. mostly drougmtachypodium pinnaturgrassland after deforestation in Hungary
tolerant and light-demanding xeric species), ad wel

as the ,indifferent” species. Thus, the significamt Forest.Transitional- _Steppe-
associations were also evaluated with respecteseth type type type
3 species groups, from which changes in the first Zotal cover 100 130 115
groups are likely responsible for the outcome pfitter thickness 10-15  5-10cm 2-6 cm
secondary succession. , cm
average height of th¢ 50-60 30-45 cm 30-35
Results sward cm cm
total species richness 50 60 53
Textural attributes number of frequent
species
All stands are dominated by vegetativelyfrequency % >=1 16 26 21
spreading perennial species. Altogether 60 spedj ?q“encyzf”f‘r’lo g 2 161
were detected in the 3 stands. Some textufal 0'"®Y 7”7
attributes in 3 stages of succession are presénted mesic species 62 52 42
Tables 1 and 2. (% of total species)
It is remarkable, that the proportion of rarg xeric species 25 46 54
species (freq.:<1%) is very high accounting for 68 (% of total species)
57 and 58% of the total number species of each ofover%
the stands. In general, very few dominant a rachypodium 74.9 35 22
codominant (freq.:>5%) species (7,8 and 11) ocQUpinnatum
in all stands. Most of the species appear in th&estuca rupicola 3.6 7.7 15.4
middle successional stage, but many codominarBromus erectus 23 17.6 20
(50%) species are apperant in the steppe-li (fe o
H — H requency %
Brachypod!um stqnd (=late successional stag .Brgchypg’dium 79 63 5>
Brachypodium pinnatumappears to be fairly| - =
ubiquitous in the forest-like stand (early stage Ofestica rupicola 23 17.6 20
succession), where its predominance can result th&omus erectus 55 24.7 25

lowest species richness.

The secondary succession can be characterizggh approximation of the coalition
by the decreasing dominance @&rachypodium ¢t cture with plexus graphs
pinnatum Its pathway is thought to be affected by

the changes in species abundance, pattern of |, ihe Forest-type community there are only
individuals and varying light conditions. A,C|earpositive associations (27 in total) between the
trend of decreasing abundance of mesic anghecies. The graph is of reticulate character, ritgjo
increasing abundance of xeric perennial specigs species is mesic (Fig. 1a,b, Table 3). The mesic
along the successional gradient is weII-express%qasses (e.gDactylis glomeratk and dicots (e.g.

(Table 1), such as the changes of the numberluflig getonica officinaliy with low frequency appearing in
demanding xeric species from 25% to 54%. As Tablge small openings of the stand are infiltrated

1 shows, there is only a slight decrease in th@hermingled with) between the more frequent
frequency ofBrachypodiumalong the mesic to xeric gpecies. No expressed multi-coalition structure is
successional gradient measured in the microquadr pearent.

However, the considerable decrease of its cover, th’ " e largest number of significant positive (27)

decreasing height of tillers, and the lower littetyng negative (32) associations were detected in the
thickness found in the Transitional and Steppe-typ@iiddie successional stage (Fig. 2a,b). Many mesic
indicate indirectly the decreasing viability of 54 xeric species are mixed with each other forming
Brachypodiumclones exposed to light and droughtignificant associations. Dicots except of tallcips

after deforestation. Note that the abundancgiih very deep, weel-developed root system (e.g.
differences are much more considerable also in thehillea pannonica - Helianthemum ~ ovatum
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Table 2. Abundance hierarchy of the species in &essional stages @&rachypodium pinnatungrassland after deforestation in
Hungary (Percentage frequency of species (>1 %)dar20 x 100 grids is presented)

Forest-type Transitional-type Steppe-type
Code of species Frequency % Code of spegies Hrey e Code of specieg Frequency %

BRAPIN 79.5 BRAPIN 63.1 BRAPIN 52.4
FESRUP 23.7 BROERE 24.7 BROERE 25.8
TEUCHA 11.2 CARHUM 185 FESRUP 20.3
CARCAR 7.4 FESRUP 17.6 CARCAR 12.6
POAANG 6.4 CARCAR 13.9 FILVUL 11.6
BROERE 5.9 HELOVA 9.6 THYPAN 10.5
ARRELA 55 ARRELA 7.6 CARHUM 9.2
FILVUL 45 SESANN 6.7 SESANN 8.6
FALVUL 4 ACHPAN 4.8 TEUCHA 8.4
SESANN 3.6 TRIMON 4.1 TRIMON 5.7
THYPAN 35 EUPPAN 4 PHLPHL 5.3
TRIMON 3.3 DACGLO 3.3 BOTISC 3.6
PHLPHL 2.4 TEUCHA 3.2 MEDFAL 3.1
GALVER 2.2 CAMRIT 3.1 AGRREP 25
DACGLO 12 PIMSAX 3 KOECRI 2.4
BETOFF 1 MEDFAL 2.9 THLJAN 1.7

KOECRI 2.8 CHRGRY 1.6

FILVUL 2.8 DACGLO 15

CHAAUS 2.7 CAMROT 1.2

ASTONO 17 ARRELA 1

VIORUP 1.6 HELOVA 1

PHLPHL 15

SILVUL 11

CENSAD 1

AGRREP 1

BRIMED 1

Table 3. List of species indicated in the plextepds

Name of species Code Guilds Name of species Code Guilds
Achillea pannonica ACHPAN xeric Festuca rupicola FESRUP xeric
Agropyron repens AGRREP xeric Filipendula vulgaris FILVUL mesic
Arrhenatherum elatius ARRELA mesic Galium verum GALVER mesic
Astragalus onobrychis ASTONO Xeric Helianthemum ovatum HELOVA xeric
Betonica officinalis BETOFF mesic Koeleria cristata KOECRI xeric
Bothriochloa ischaemum BOTISC Xeric Medicago falcata MEDFAL xeric
Brachypodium pinnatum BRAPIN mesic Phleum phleoides PHLPHL xeric
Briza media BRIMED indifferent Pimpinella saxifraga PIMSAX indifferent
Bromus erectus BROERE mesic Poa angustifolia POAANG mesic
Carex caryophyllea CARCAR indifferent Seseli annuum SESANN indifferent
Carex humilis CARHUM xeric Silene vulgaris SILVUL indifferent
Centaurea sadlerana CENTSAD indifferent Teuchrium chamaedrys TEUCHA mesic
Chamaecytisus austriacus [ CHAAUS xeric Thlaspi jankae THLJAN xeric
Chrysopogon gryllus CHRGRY Xeric Thymus pannonicus THYPAN Xeric
Dactylis glomerata DACGLO mesic Trifolium montanum TRIMON indifferent
Euphorbia pannonica EUPPAN xeric Viola rupestris VIORUP xeric
Falcaria vulgaris FALVUL indifferent

Astragalus onobrychis - Chamaecytisus austriacu®f positive associations of some xeric graminoids,
are usually positively associated, whereas betwesnch asFestuca rupicola, Carex humulis, Koeleria
graminoids and between graminoids and dicots bothristatawith other graminoids and dicots, as well.
positive and negative associations prevail. A Ibt o In the Steppe-typeBrachypodium stand a
relatively rare species with low frequency alsoyma complex association structure among the species is
role in developing the complicate associatiormlso peculiar, similarly to the former community
structure of this type. We stress here the impeodan (Fig. 3a). The number of positive and negative
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SESANN CARCAR — GALVER
\ BROERE
DACGLO /
/ \ CARCAR

TEUCHA FILVUL FALVUL

\

POAANG BETOFF

ARRELA

Fig. 1. Plexus diagram for species of an early asgional Brachypodium coenostate (significant pagwassociations
(p: < 0.01)—positive, ----- negative, A: between monocots ditbts, B: between monocots). (Abbreviations arg€able 3.)

associations is near the same, but both are lems, { Steppe-type | 74 43+ 31-] 147 (6.6+-3.1

in the middle stage (17 +, 18 -). It is importaimhtt

between the perennial graminoids only negativBiscussion

associations appear with one exception (Fig. 318. |

very likely that the growth habit of grasses partlyfrends of species associations in

accounts for the negative values. In this late susuccession

cessional stage mostly xeric species form coaftion

and strong spatial segregation of graminoids is A decreasing trend of the frequency of

characteristic. The commuinty may be divided into Bignificant associations (standardized by the numbe

coalitions.Bothriochloa ischaemum, Seseli annuumof possible species pairs) has been found duriag th

Helianthemum ovatum, Thlaspi jankae, Trifoliumsecondary succession. The frequency % changing

montanum are positively associated in the firstfrom 14.2, 12.9 to 10.2% corresponded with the 3

coalition, while positive associations appear betwe successional stages studied. Our result is in good

Phleum phleoides, Chrysopogon gryllus, Teuchriuragreement with the general experience that a

chamaedrysand Filipendula vulgarisin the other declining tendency in the changes of the frequaricy

coalition. These coalitions were separated fronheasignificant associations with the successional ages

other by many negative associations. rather typical (Myster and Pickett 1992). However,
If we consider the significant associationsno consistent trend in old fields was also pronednc

between the 3 groups of species (,guilds”) differen(e.g. Leps and Burjanek 1990).

tiated by their ecological requirements (Table 3),

much higher number of significant positive andCoalition structure

mainly significant negative associations can baébu

between guilds than within guilds in each Inour communities expressed differentiation into

commuinty. The greatest differences are in the caseell-separated species coalitions could not be doun

of the final stage of secondary succession. in contrast with the results obtained by Margdczi
(1995) and Matus and Toéthmérész (1990) in their
% number of significant associations natural and grazed sandy communities. Highly
within guilds between guilds | complex association structures were revealed in the
(% of within-guild | (% of between-guildl  gyccessional stages of a transforming processeof th
Foreste 8.5“(’;"5)+’ P 17.;";‘;‘2.4 4. xeromesophilousBrachypodium community. Our
Transittionaltype| 118 (6.3 + 5.5 159 8270 grassland types are well-structured with complex

multispecies coalitions as compared to the sandy
8 TISCIA 31



BRIMED

ASTONO
s

N\
_-SILVUL

/ PIMSAX~ /’
‘:;/*/,—<~ACRPAN// -

/ -

B BRIMED—-——D}ACGLO

AGRREP

Fig. 2. Plexus diagram for species of a middle sssional Brachypodium coenostate. (Explanatiosyotbols see in Fig. 1 and Table
3)

grasslands with relatively simple coalitions of fewStrong segregation of graminoids and development
species. of well-structured coalitions were initiated in tlae
successional phase.
Most characteristic feature of forming Plexus graphs analysed varied considerably
species associations in 3 successionabetween successional stages. Early phase was
stages of a transforming vegetation characterized by a coalition of mesic species. cXeri
and mesic grasses formed a coalition in the middle
In our communities the number of significantphase but the graminoids were strongly segregated
associations was relatively low (10-14%) suggestingpatially in the late successional phase.
diffuse competition between species (Leps and We conclude that between communities on a
Burianek 1990). Great differences were revealed holecal scale a slow shift of dominance hierarchyktoo
the individual species were spatially assemblaged place and habitat selection had also acted. Phaticu
the 3 successional stages. The Forest-typecal coexistence structure was typical referring t
community including only positively associatedthe different communities. Some exclusion of specie
species (mostly mesic ones) was separated frod theombinations was also going on mainly caused by
later successional stages. The most complicatéextural and microtopographical constraints. We
reticulate plexus graph with the highest number cfuggest that the decrease of the dominance and
the significant positive and negative associationsbundance oBrachypodium pinnaturmodified the
were detected in the middle phase of successiomicro-environmental conditions (light intensity
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1
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’ A CHRGRY

- S \ AGRREP
1

1
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Fig. 3. Plexus diagram for species of a late susioralBrachypodiuntoenostate. (Explanation for symbols see in Fignd Table 3.)

within a stand, degree of local colonization)appearent that the species rather showed overthp an
Microheterogeneity of the stands influenced formingontinuous transition among the successional stages
the species assemblages, as the species or speciesAs to the second hypothesis, we can state that in
groups differently preferred the varying micrositesach successional stage most of the species showed
and biotic and abiotic conditions in a dense onon-random  fine-scale  spatial  distribution.
slightly dense stands of successional stages. TAggregated spatial distribution of many species
density of individuals, morphology, growth form,reflected different spatial microheterogeneity with
limited dispersal and spatial distribution of per@h each stand at fine scale. Forest and steppe species
plants were the most influential factors contrglin were not completely randomly assembled even at
the coexistence of species. fine spatial scale. We stress that all our comnasit
Thus, answering our first hypothesis, we cafstates) dominated by perennial species spreading
conclude that various coalitions are developing imegetatively were closed of high species saturation
succession. However, it is very likely that pattefn where colonization by seeds were less significant.
species replacement during the secondary successkine-scale spatial heterogeneity was mainly caused
is diffuse and gradual instead of a completdy growth form of individuals. Dispersal was lindte
replacement of species at stand scale. It wa®nsidering that the seeds could reach mainly
adjoining microsite of the nurse plants and most
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propagula were not able to grow

in everyBartha, S., Czéaran, T. and Oborny, B. (1995b): i8p&on-

microhabitat. As a consequence of these phenomena Straints Masking Community Assemply Rules: A Sirtioka

an individual stand was a mosaic of speciegart
patterns.
Matrix perennial graminoids played an important
role in spatial organization. Their segregation in

populations showing particular spatial

Study. — Folia Geobot. Phytotax., Praha, 30, 472-48

ha, S., Czéaran, T. and Scheuring, |. (1997atiSfemporal
scales of non-equilibrium community dynamics: a
methodological challenge. — New Zealand Journal of
Ecology21, 199-206.

space was obvious. This feature was also found Bprtha, S. and Horvéth, F. (1987): Application afig transects

Thorhallsdéttir (1990) in her community.

Thus, our findings seem to support the non-

and information theoretical functions to patteresedtion. I.
Transects versus isodiametric sampling units. —tralota
Botanicall, 9-26.

randomness of species assemblages, similarly wi akhekke, W.G. (1980): On coexistence: a causaloach to

the results obtained by Gigon (1996), Hara (1993),
Wilson
results areCrawley, M.J. (1986): The structure of plant comities. In:

Thorhallsdéttir (1990) and Watkin and
(1992) in their communities. Our
however,

partly in contradiction with van der
Maarel's carousel model (Van der Maarel and Sykegale
1993, 1997, Sykest al. 1994) which assumes that
each species can reach and survive each micrasite i

diversity and stability in grassland vegetation. Pudoc,
Wageningen.

Crawley, M.J. (ed.) Plant ecology.
240-256 pp.

, M.R.T., Blundon, D.J., Maclsaac, D.A. and iffas, A.G.
(1991): Multiple species effect and spatial autoslation in
detecting species associations. — J.VegBZ&35-642.

— Blackwell, foxl,

a community, i.e. the spatio-temporal turnover obale, M.R.T. and Zbigniewicz, M.W. (1995): The axation of
species is random. Note that the alvar limestone multi-species pattern. — J.Veg.S6j.391-398.
grassland community studied by van der Maarel wadogle, P.J. (1983): Statistical Analysis of SphRaint Patterns.

homogeneous, grazed for a very long time an'g
; ; k

composed by mostly shortlived species. Carousef

model might be valid for this species saturatedr ne

— Academic Press, London (cf.CSR).

ete, G., Virdgh, K., Aszalés, R. and Orléci, (1998):
Landscape  and coenological  differentiation
Brachypodium pinnaturgrassland. Coenos#8, 39-53.

in

the equilibrium community. However, species turneeiBelbrecht-Taferner, L., GeiBelbrecht, J. and Mag L.

over seems to be well-structured in our spatially

(1997): Fine-scale spatial population patterns avudbility

heterogeneous transitional communities. We suggest Of winter-annual herbs in a dry grassland. J. \@g. 8,

that interspecific spatial associations are depand

on a patchy microenvironment induced by the
variation of local population densities, dispersal

limitations and limited plant propagations.
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