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Abstract. In Hungary, during the secondary succession afieforestation xeromesophilous
Brachypodium pinnaturnommunity often develops and gradually turns ieoophilous grassland.
This study reports on fine-scale plant speciesoen in three types (Forest-type, Forest-steppe-
and Steppe-types) oBrachypodium pinnatundominated grassland, representing constrasting
stages of steppe formation. Micro-maps of rootimgjviduals (or ramets) of vascular plant species
were recorded in 20x110 grids of contiguous 5x5nsicroquadrats over three subsequent years.
We found that local species turnover showed a tijighcreasing tendency from forest to steppe
types of Brachypodiumgrassland, coinciding with the declining dominarafeBrachypodium
pinnatumand the slightly increasing number of open spégags) for local plant colonization. Our
results indicated that local species turnover padtevere temporally and spatially non-random in
all Brachypodiumgrassland types. High and low local species tuer®were dependent on the
spatial structure of vegetation. Spatial behavidrsome matrix-forming grass species proved to be
important for structuring the fine-scale specianawer patterns. We found contrasting differences
according to the abundances of species. Local vemsowere the lowest in thBrachypodium
pinnatum dominated microquadrats of the Forest-type andlaiy in the Festuca rupicola
dominated ones, but only in the Steppe-type. Tlyadst turnovers were revealed in Bmus
erectusdominated microquadratBrachypodiumpinnatumdecelerated fine-scale turnovers in all
types, as the relationship between pattern of poeseof this species in the microquadrats and the
spatial pattern of high local species turnovers sigsificantly negativeFestuca rupicolaboth
accelerated and decelerated local turnovers, depdgdfrom its coenological status. Spatial
patterns oBromus erectuandFestuca rupicolavere not correlated only with the turnover patsern
of Forest-steppe - type. It was stated that belavid key grass species in controlling the local
species turnovers was not strictly specific bubeatdiffered according to the various fine-scale
vegetation patterns of grassland types.
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Introduction coexistence, internal dynamics of plant communities
and their consequences in community dynamics.

In current literature of vegetation dynamics, Considering the concepts and methods of fine-
closely linked to the concept of patch dynamics, thscale turnover approaches there exists a great
studies of fine-scale dynamics, such as local sgecivariation. Temporal and spatial dynamics of
turnover and species mobility within a vegetationndividual species, usually referred to as mob#ihd
patch (stand) have been received great importanspecies replacement (turnover), have been studied o
for understanding of both patterns of speciefine-scale from the scale of 1 cm2 to 0.25 om
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small permanent sub-plots, as well as on coarsekisting vegetation, there is a lack of studies
scale from 1 mto 25 nf plots within a community. considering the species turnover not only as a
These were measured as 1) year to year changegphenomenon but as a function of vegetation pattern.
species composition (Glenn and Collins 1990, 1992, In this paper, we present an analysis of fine-scale
Stampfli 1995, Hobbs and Mooney 1995, Tamas armhtterns of local plant species turnover in corinact
Csontos 1998, Zhang and Skarpe 1995) and @jith spatial vegetation patterns of successional
cumulative species richness or frequencies (Klimesommunities. We examine what differences appear in
1995, 1999, van der Maarel and Sykes 1993, 199the fine-scale plant species turnovers of thregesta
Sykeset al. 1994, Partel and Zobel 1995, van deof Brachypodium grassland and how they are
Maarel et al 1995, van der Maarel 1996a,bipfluenced by the gap structure and vegetation
GeiBelbrecht-Taferneet al. 1997) for assessment of canopy height and closure of a stand. In analyzing
community dynamics and as 3) species turnover gratterns of local species turnover in connectiott wi
small plots within the community (Huber 1994, Otsuspatial vegetation patterns, we only consider the
and Zobel 2002) or 4) in the form of speciepatterns of high and low species turnovers. As
replacement diagrams (Thérhallsdéttir 1990, Herbeprevious fine-scale studies (Viragh and Bartha
et al. 1993). In the latter case spatial aspect of thit998a,c) revealed the differentiation of a
mobility was shown in distribution maps of speciesharacteristic species coalition for each of three
and species mobility was combined with capacity fopatches oBrachypodiumgrassland and found three
long-distance spreading, with phalanx and guerrillgrass species, such as the mesic, shade- tolerant
plant strategies (Herbeet al. 1993). A system of Brachypodium pinnatum the shade-intolerant
plant mobility types was proposed by van der Maar@romus erectusand the light-demanding xeric
(1996) and his carousel model set up in 1993 h&®stuca rupicola playing central roles in spatial
been already discussed in various types of plantganization and forming species coalitions, we
communities (Fréborg and Eriksson 1997, Masloexpect that spatial patterns of these key grassespe
and van der Maarel 2000, del Moral 2000). Differentan control the patterns of local turnover. Thissaa
measures of species mobility by indirect and diredirst step, we deduced vegetation pattern of adstan
indices have been recently summarized by Palmarto patterns of these three matrix-forming species
and Rusch (2001). and to the patterns of turnover of subordinates.

As to the results on patterns of local species The main objectives of this study are:
turnover and factors controlling their changesisit to analyze how local species turnover change in
not surprising, that there are various conclusion®rachypodium types with different species
depending on the structure and dynamical statkeof tcomposition and spatial organization of species,
studied vegetation and the scales of observation. F  to compare the relative roles of some key grass
illustrating some contrasting opinions, few exaraplespecies in controlling the patterns of local specie
are mentioned. turnover.

Recently many studies of fine-scale plant
mobility, performed in near-equilibrium or stable  The following questions are examined:
communities (van der Maarel and Sykes 1993, Rusch are local species turnovers spatially and
and van der Maarel 1992), have shown that themporally dependent,
occupation of microhabitats proceeds at random are local species turnover changes influenced by
within plots, where there is no dispersal limitatio the species dominance structure and the canopy
and the degrees of colonization and extinctioslosure, and
processes can be considered near the same in a yearare there any differences between the relative
and are also consistent from year to year. On thele of three key grass species according to
contrary, several studies (Ryser 1993, van der 8aarcontrolling patterns of fine-scale species turnover
et al. 1995) have concluded that spatio-temporand how are these differences related to the variou
patterns of turnover within a community are nofine-scale vegetation patterns of grassland types a
totally stochastic, mainly due to the great vaoiatdf the abundances and growth forms of these species.
local population densities, the limitation of seed
dispersal and the growth forms and propagatioMaterial and methods
strategies of plants. However, in spite of the fhat
there have been increasing evidences on that myajorStudy site
of plant communities are spatially and temporally Field studies were carried out in a landscape
heterogeneous and fine-scale dynamics, such als lopaotection area in the central part of Hungarykg&b
species turnover changes are constrained by thast of Budapest, within a hilly landscape at 200-3
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m a.s.l. Mean annual temperature of the site i€9 °live in a dense uniform canopy d&rachypodium
mean January temperature is -1.5 °C, mean Jubjones, surviving under the shadow of scattered oak
temperature is +20.1 °C. Mean annual precipitatiottees andCrataegus monogynshrubs.

is about 600 mm distributed unevenly throughout the

year. The most rainy seasons are late spring ahd ealable 1. Characteristics of three typesechypodium pinnatum
autumn with monthly precipitation maximum in Maygrassland, 1993 (2200 microquadrats of 0.0025 m

or June and the second lower maximum in Octobef

. . . Forest-
Transitional soil types between brown forest sod a Forest- steppe- Steppe-
chernozem on loess substrate are typical here. The type type type
area was formerly covered by dpuercus pubescens Total cover [%] 120 155 130

oakwood, which was clear-cut in the early 1900$
(Anon. 1883, 1943). However, deforestation was
incomplete and resulted in a heterogeneous mosaic|a
secondary successional habitats. The forest
management activity stopped and the site had only NUmPer of frequent
occasionally been grazed since then. During e Spec'eos

. quency % > 10 3 5 6
landscape-scale survey of the vegetation (Fekete Frequency % > 5 7 8 11

Average height of the 50-60 30-45 30-35
sward [cm]

Litter thickness [cm] 10-15 5-10 2-6

al. 1998) some remnants of oakwood, shrubland, and™ Frequency % > 1 16 26 22
a patchwork of various xero-mesophilous grasslands  Frequency % 1 34 31 24
on the northeast slopes were found. Number of abundant
Brachypodium pinnatumwas the dominant species
component of the sparse undergrowth layer of thp Relative cover % > 1 9 13 16
Relative cover % < 1 41 44 30

former dry oak woodland. Clones Bfachypodium
pinnatum survived forest clear-felled and they
developed into species rich xeromesophilou

Frequency %

. " Brachypodium pinnatum  79.5 63.1 52.4
Brachypodiumcommunities. These grasslands camr— Festuca rupicola 23.7 17.6 20.3
persist for a long time and in certain conditiong Bromus erecius 59 24.7 25.8
slowly change into a more xeric type BEstuca Relative cover %
rupicola dominated grasslands. During these longr Brachypodium pinnatun]  74.9 35 22
term changes many mesic, forest and forest-steppe Festuca rupicola 3.6 7.7 15.4
species disappear, parallel with the colonizatibn Bromus erectus 2.3 176 20

several xeric loess steppe species. ) ) .

Three typical vegetation types (Forest-type, Forest-steppe-type is an intermediate stage from
Forest-steppe-, and Steppe-types)B@ﬁchypodium mesic Comr‘_nunltles tO. Xeric c.)nes..lt contains a m!x—
pinnatumdominated grassland were selected for thiéire of mesic and xeric species with many codomin-
present study. Most of the species are clon&nt dicots and broad-leaved grasses. The height of
perennials in these patches and annuals are sca@ard is 30-45 cm, the litter thickness is 5-10 cm.
The physiognomically uniform stands chosen are Steppe-type develops after a long exposure to
floristically and coenologically different from eac light and drought, as the result of invasion of
other (Feketeet al. 1998) and each patch-type isXerophilous species. The viability and density of
spatially well-organized with complex multispeciesBrachypodiunramets are lower. The height of sward
coalition structures (Viragh and Bartha 1998als 30-35 cm, and the litter thickness is only 26 c
Viraghet al. 2000). here. The canopy is rather open, and the number of

Some textural attributes of thr@achypodium 9aps is the highest in this patch. _
types are presented in Table 1. It is remarkatie th ~ These vegetation types also represent a light
few dominant and frequent (freq.. > 10%) andradient associated with the declining dominance of

codominant and less frequent species (freq.: < 59%8yachypodium  pinnatum (Viragh and Bartha
occur in all patches, but the proportion of rare998a,b, Feketet al. 2000, Fétiet al. 2002, Mojzes
species (freq.: < 1%) is very high. Most of theet al. 2003). There are three matrix grass species
species appear in the Forest-steppe type, but maiih different growth forms, such as the shade-
codominant species are apparent in the Steppe-typdolerant Brachypodium pinnatum(a clone with
Forest-type stands are dense and closed, Wh@[éarsely distributed tl”erS), the shade-intolerant
the average height of the sward is about 60-70Acm. Bromus erectusof dense tussock and the drought
litter thickness is 10-15 cm. Numerous shade-takeratolerant, light demandingestuca rupicoleof sparse
species, remnants of the original forest vegetatioump, which play important roles in coenological
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differentiation at stand-scale and in spatiabcale) colonization and extinction between subsequ-
organization of species while forming charactesistient years. Note that the estimation of local tuerov

multispecies  coalitions at fine-scale. Theithere was based on the numbers of newly appearing
segregation in space is obvious in our communitiespecies and disappearing ones from each micro-
where they are generally significantly associated tquadrat between two consecutive years but could not
the subordinated dicots and other grass specig¢s, loonsider the disappeared ramets which were replaced

rare to each other (Viragh and Bartha 1998c). with new ones in the same microplots within a year.
It means that in this sense local turnovers indaia
Field sampling may be underestimated. Percentage local relative

Micro-maps of rooting individuals (or ramets) ofturnover RTCOW) was calculated asRTO®w =
vascular plant species were recorded in 20x11&grid00XTO/ST2 whereST2 is the number of species in
of contiguous 5x5 cm micro-quadrats at the end dhe micro-quadrats in the second year. Averagd loca
June, 1993, 1994 and 1995 in each vegetation tygernover and average local colonization and
Seedlings were not included, since they stronglgxtinction were estimated at microquadrat-scale (th
differ in their resource use and competitive dyr@ami mean value per microquadrat). Because we were
from the more established plants (Herben al. interested in the effect of dominant grasd&a¢hy-
1993). Because of the heterogeneity and the limitgzbdium pinnatum, Bromus erectus, Festuca rupico-
size of the study area and the very laborious and) on the turnover of all other (subordinate spgcies
time-consuming sampling, we could not sampleluring the calculations of turnover values the ¢hre
many independent replicates of each vegetation typgominant grasses were omitted.

However, when we studied the multispecies spatial Percentage relative turnover data were
patterns and interspecific associations in thesgeth transformed into binary dat8RTO= 1 if RTO% >
Brachypodiumtypes (Virdgh and Bartha 1998) andthe mean, anBRTO = 0 if RTO% < the mean,
for a validation of the trends found we divided thgroducing micro-maps with patterns of high and low
20x110 grids into two 10x110 subgrids and repeatddcal turnovers.

the whole analyses with the pairs of subgrids, all Micro-maps of species turnovers were analyzed
trends remained the same showing the robustnesshyf contagion indices, modified from indices used in
our results and indicating some stationarity of tht&andscape ecology (O’Neilet al. 1988, Li and
studied vegetation patterns. Therefore, the analysBeynolds 1993).

here concerned the whole 20x110 grids which could

be also accept as representative for Brachy- L 2
podiumstands. Temporalcontaglon—NZ(BRTq - BRTQK)
i=1

Statistical methods tr{at expresses the average temporal dependence of

Spgme_s richness was measured at two d'ﬁeren)cal species turnovers between subsequent years
scales: microquadrat scale (the mean value PERdk Nis the number of micro-quadrats
microquadrat) and stand scale (the total number of q ‘

species found across all microquadrats within a N
stand, study area was 5.5°)mColonization was Spatialcontagionzlz(
expressed by the number of species appearing in all N
microquadrats (2200) of a stand in a yegrhbut
being absent in the previousl) year. Similarly, (M; the number of proximate quadrats around micro-
extinction was calculated as the number of speciegiadrat, N is the number of micro-quadrats)
disappearing from the microquadrats between two Because high and low turnovers could similarly
consecutive years. Relative colonization % was th&ppear in the adjacent quadrats by chance aswezll,
ratio of the number of species appearing in abpplied a null model, where the same local turnover
microquadrats in a yeat)(and the total number of values were used as in the field, however they were
species present in that ye#). Relative extinction % randomly assigned to the positions in the microsnap
was calculated as the number of species disapeari@omplete randomization from Diggle 1983). The
from all microquadrats of a stand between yed) ( observed values of contagion indices were compared
and year t, divided by the number of specieswith the values obtained from the null model. The
present in yeart{l) (cf. Gibson and Brown 1991, significance was expressed as the relative frequenc
Barthaet al. 2003). of the randomizations resulted in higher values tha
Fine-scale local species turnover (TO) washe observed one. 5000 randomizations were applied
defined as the sum of the local (5x5 cm microquadrin each test. A significant result indicated the
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tendency that the (spatially or temporally) adjacerof variablesA andB. Calculations were repeated at
micro-quadrats had similarly higher or lower speciethree sampling unit sizes (5x5 cm, 5x10 cm, and
turnovers, i.e. the local species turnovers were nbx15 cm) at fine scales.
independent.
Relationship between species turnover anResults
vegetation was investigated by calculating theiapat
associations between the patterns of dominant gréSpecies turnover
species and the micro-maps of high/low local sgecie  The total number of species recorded in the 2200
turnovers. microquadrats (5.5 fhranged between 50 and 67 in
From the basic grid data computerized samplinthe Brachypodium grassland types over 3 years
was performed with three different, increasingTable 2). Species richness was the lowest in the
sampling unit sizes (5x5 cm, 5x10 cm, and 5x1borest-type and the highest in the Forest-steppe -
cm), and pairwise associations were calculated frotgpe. Most of the newly detected species appeared i

2x2 contingency tables: each vegetation type in 1994 and 1995. The average
number of species of 0.0025?nmicroquadrats
ml (A,B)= mlogm+aloga+blogb+clogc+diogd- ranged between 1.07 and 2.05 with a minimum of 0
(a+c)log(a+c)-(b+d)log(b+d)-(a+b)log(a+b)- and maximum of 8 species (Table 2). The percentage
(c+d)log(c+d) number of 5x5 cm vegetation-free gaps (species

number is nil) varied between 4%-10% within a

(Symbols a, b, ¢ and d correspond to the stand over 3 years, showing higher values in all
notation of the 2x2 contingency tablea’ is the grassland types in 1993 and lower values in two
number of sampling units where both variablas, subsequent years. The number of gaps was slightly
and B are present,d is the number of empty increasing from the mesic Forest-type to the xeric
quadrats. ¥ and ‘c’ note the number of quadrats, Steppe-type in each year (Table 2).
where only one variable is presenf or B Percent relative colonization was much higher
respectivelym=a+b=c+d is the sample size.) than percent relative extinction at stand scalalin

Significance of any observedl (A,B) value was Brachypodiuntypes from 1993 to 1994, but relative
calculated by comparing it with the values obtainedolonization and extinction balanced from 1994 to
by Monte-Carlo randomizations, i.e. representations995, except the Forest-steppe type. Similar
of the null hypotheses. We used a null model wheitendency was apparent at microquadrat scale, &s wel
the presences of a variable were randomly Stand-scale relative turnovers (Table 3A) varied
redistributed among the quadrats, by using Montdetween 31% and 58%, while average relative local
Carlo simulation (Site-model, Watkins and Wilsonturnovers (Table 3B) were much higher ranging be-
1992). The significance was expressed as thevelatitween 85% and 102% at microquadrat-scale, indicat-
frequency of the randomizations resulted in highdang intensive fine-scale dynamics from year to year
values than the observed one. 5000 randomizatioAthough the changes of relative turnover showed
were applied in each test. The trend of theather fluctuation at stand-scale, but local specie
association, i.e. whether the association wasigesit turnover changed at micro-scale showed a slightly
or negative, was given by a comparison of thencreasing tendency from forest to steppe types of
expected and observed values of the joint occuerenBrachypodiungrassland (Tables 3A and 3B).

Table 2. Species richness at stand-scale and a&vespecies number and percent number of 5 cm x 5Sgaps estimated .
microquadrat-scale

1993 1994 1995
Forest- Forest- Forest-
Forest- Steppeq Forest- Steppeq Forest- Steppe
type steppe type type steppe type type steppe- type
type type type
Total number of | 5, 57 46 61 67 61 62 63 59

species / 5.5 i
Average number 0
species / 0.0025 ]
Percent number o
25cnt gaps/5.5 h

1.72 2.13 1.07 2.09 2.38 1.31 2.08 2.%0 1.4

7.7 8.6 10.5 3.8 4.8 6 4 4.8 5.5
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Table 3. Plant colonization and turnover changebiiee Brachypodium types over three years

A: Colonization is the number of newly appearingaps between subsequent years and extinctioreisumber of disappeared
species between subsequent years within a stardy/(atea is 5.5 m2). Relative colonization % isréitéo of the number of species
appearing in the microquadrats (2200) in a yeaar{t) the total number of species present in thait (te relative extinction % is

expressed as the number of species disappearimgaiianicroquadrats of a stand between year @ri year (t), divided by the
total number of species present in the year (t-1).

B: Average local turnover and average local colati@m and extinction estimated at microquadratescAlverage relative local

turnover is calculated as local species turnovenpmber of species of the microquadrats in thersgégear.

A)
1993-1994 1994-1995
Stand-scale (5.5 % Forest- ;%rssg_ Steppe-| Forest- ;%rssg_ Steppe-
type type type type type type
Turnover 19 30 29 27 24 34
Relative turnover (%) 31 44 47 44 38 58
Colonization 15 20 22 14 10 16
Extinction 4 10 7 13 14 18
Relative colonization (% 25 30 36 23 16 27
Relative extinction (%) 8 20 15 21 21 30
B)
1993-1994 1994-1995
Microguadrat-scale Forest- Forest-
(0.0025 M) Ftore:t- steppe- Szepse- Ftorejt- steppe- Szepse-
yp type yp yp type yp
Average local turnover 1.8 2.1 2.04 1.88 2.20 2.21
Averagerelative local | g5 | 9959 | 90.88| 88.43 9136 10179
turnover (%)
Average local 1.08 | 1.17 117 | 091| 1.16 1.08
colonization
Average local extinction 0.72 0.92 0.87 0.92 1.04 .121

Within-stand patterns of local species Vegetation pattern vs. local species

turnovers (significance of contagion turnover

indices) Plexus diagrams (Fig. 1) depicted the significant
spatial associations between spatial patterns of 3

Local temporal dependence grasses and patterns of localities with high/loealo

Significant temporal contagion indices obtainedpecies turnovers.
for all Brachypodiumtypes indicated that the local Significant positive spatial associations between
species turnovers between subsequent years were sipécies turnovers of the subsequent years showed
independent from each other. It meant that e.g. thkeat the patterns of local turnovers were not
micro-quadrats of slow species exchanges weirdependent in time (cf. local temporal contagion

relatively constant in time. indices). Many significant spatial associations
between spatial patterns of particular species and
Local spatial dependence turnover patterns indicated that the local species

Significant spatial dependence of local speciesxchanges were influenced by the spatial pattern of
turnovers between spatially adjacent micro-quadraexisting vegetation as well, and inversely the ispat
was revealed in the Forest- and Forest-steppe tgpes/egetation patterns were generated by the patt#rns
each year: small localities with similarly low oigh  turnovers. Although, the significant associatiotid d
species turnover occurred close to each otherh®n thot appear in every year, we do not think that the
contrary, a non-significant spatial contagion wasevealed correlations would change considerably
found in the Steppe-type, which showed a decreasinlyring a short time interval (3 years), but rattibe,
spatial dependence in this type. lack of significant associations could be inducegd b

the changes of species abundances and interspecies
competition. Therefore, in the interpretation of
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results we accepted a significant value if there ata Brachypodium pinnatunt'decelerated”, while the
least one year with significant value.

a,
Brachypodium
e pinnatum
1993, g

turnover . 1993

1993-1994 /

turnover | _______1995 _______
1994-1995

Brachypodium
1993,-" pinnatum

1904,
1995~ 1994;,’
L 1905
turnover /
1993-1994 /

turnover
1994-1995

C,
Brachypodium
,/ pinnatum
1994, J
4 ’

L 199y
turnover /
1993-1994 /

~~ 1994,
... 1995

turnover
1994-1995

Figure 1. Plexus diagrams depicting the spatialo@atons
between the patterns of three grasses and thermtiehigh/low
local species turnovers. a: Forest-type, b: Fatgipe type, c:
significant positive assoaiestio

Steppe-type.
significant negative associations

1993,1995 7~

Bromus
erectus
Festuca
rupicola

Bromus
erectus
Festuca
rupicola

Bromus
erectus

Festuca
rupicola

subordinate—rareFestuca rupicola and Bromus
erectus‘accelerated” the turnovers in this vegetation
type.

Spatial patterns oBromus erectusnd Festuca
rupicola were not correlated with the turnover
patterns in the Forest-steppe-type (Fig. 1b). Here
numerous dicots might also be responsible for the
degree of turnovers (see Viragh and Bartha 1998c).
Brachypodium pinnatum showed negative
associations with the temporal species turnovers.

In the Steppe-type (Fig. 1c) boBrachypodium
pinnatum and Festuca rupicolarevealed negative
relationships with the turnover patterns. Only the
spatial pattern ofBromus erectuswas correlated
positively with the relative species exchanges.réhe
was a positive significant association betweeniapat
patterns ofBromus erectusand Festuca rupicola
indicating that these species could co-occur is thi
patch and also in the Forest-steppe type. However,
these species could not coexist wighachypodium
pinnatumin any of the patches.

Discussion

Species turnover in different types of
Brachypodium pinnatum grassland

The changes of species richness and relative
turnover % showed rather fluctuation at stand-scale
in each Brachypodium type over three years.
Average relative local species turnover was vegp hi
at microquadrat-scale, indicating a slightly incieg
tendency from forest to steppe types of
Brachypodiumgrassland. Closed canopy vegetation
gradually opened and microheterogeneity increased,
all induced increasing intensity of local species
turnover towards more xeriBrachypodiumtypes.
These may indicate that multilayerBdachypodium
pinnatumstand canopy involved a highly competitive
environment with high relative local species
exchanges and  spatial differentiation  at
microquadrat-scale (cf. Barthet al. 2003, Viragh
and Bartha 1998a). Strong fine-scale spatial
differentiation among species into contrasting gmec
coalitions according toBrachypodium types had
been pronounced by previous studies (Viragh and
Bartha 1998a, Viragh et al 2000). We also suggest
that more intensive fine-scale turnover dynamics
from Forest-type to Steppe-type may be principally
influenced by a gradual decline of abundance—
dominance ofBrachypodium pinnatumassociated

In the Forest-type (Fig. 1a) significant spatialwith changes of abundance shift among species and
associations were found between the spatial pattergpatial organization of individuals, as well as

of three dominant grasses and the spatial pattérnscoincided with varying light

conditions and

local species turnovers. Our results suggested th#dcreasing canopy height and litter thickness.

TISCIA 34

53



Plant colonization changes over three years structuring the patterns of local turnovers in
It was clear that colonization and average locdrachypodiunpatches.
colonization were the highest between 1993 and The dominant clonaBrachypodium pinnatum
1994, while extinction and average local extinctiomecelerated fine-scale turnovers in all types,has t
were between 1994 and 1995, in BHachypodium relationships between patterns of occurrencesisf th
types.The number of gaps decreased over three. yeaysecies in the microquadrats and the spatial patter
If we inspected the annual total precipitation (34Dbf high local species turnovers were significantly
mm in 1992, 493 mm in 1993, 482 mm in 1994 andegative.
637 mm in 1995) and considered the years 1993 and On the contrary, the local species exchanges of
1994 as extreme dry and the year 1995 as stronghjicroquadrats includinfromus erectusvere always
wet according to the 13-year precipitation averageigh. Spatial behaviour of this species, however,
(554.6 mm) in the study site, we could take somdiffered in Brachypodium types of contrasting
speculation on the role of climatic feature forcoenological structure and spatial microheterogene-
vegetation dynamics. We thought that as outy. Bromus erectysas a rare species with low cover
investigation was started in an exceptionally degry in the Forest-type, most frequently occurred in the
(1992), thus the decreasing speed of specigaps within the dense clonal architecture of pre-
colonization, increase in extinction from 1993 todominant Brachypodium pinnatum where in the
1995, as well as decrease in gap availability duringaps there were always the highest species mobility
following years could be interpreted as a postue to some gap-exploiter species mainly propagate-
drought dynamics. The drought caused damage to timg by seeds and where the vegetative appearahces o
vegetation, created the openings, so the curradyst Brachypodium pinnatum also accounted for
showed how during 1993 and 1995 the vegetatiancreasing the rate of local temporal turnoveredse
recovered. of Bromus erectupnly dispersed from the species
pool of near neighbours into this vegetation tyge,
Within-stand patterns of vegetation and  the individuals never reached their mature phatie wi
local species turnover producing seeds within this community. In the
Our results showed that local species turnovdforest-steppe and Steppe-type this species was
patterns were temporally and spatially non-randem icodominant due to spreading successfully both by
our spatially heterogeneo@sachypodiumgrassland vegetatively and generatively. It showed significan
types. High and low local species turnovers werpositive spatial associations with many graminoids
dependent on the spatial structure of vegetatioand dicots (see Viragh and Bartha 1998), but it we
Spatial behaviours of some matrix-forming grassleveloped individuals (clumps) did not prevent
species controlled the fine-scale species turnoveewly appearances of other species, either. In the
patterns. Steppe-type where the key grasses were spatially
Recently many papers (Rusch and van desegregated in the open canopy of vegetaiBmamus
Maarel 1992, van der Maarel and Sykes 199%rectushad a great success in exploiting open spaces
Herbenet al. 1993, 1994, Froborg and Erikssonby vegetatively or mainly by generatively, as wasl
1997, Klimes 1999, Palmer and Rusch 2001) hatl also allowed local colonization of many other
focused on spatial mobility of particular specigs adicots into microquadrats dominated by itself.
different scales and its underlying mechanisms Festuca rupicola both accelerated and
(Otsus and Zobel 2002, Tamet al. 2002, Sammul decelerated local turnovergestuca rupicolaalso
et al. 2003). Most of them emphasized that speciesppeared in the small openings of the dense stand
mobility was shown to vary individualistically (e.g predominated byBrachypodium pinnaturin the
van der Maarel and Sykes 1993), however, feworest-type, and as a low-frequent species
studies had already pointed to the importance @ftcelerated local species turnovers, similarly to
spatial dynamics of whole community for influencingBromus erectus Nevertheless, when frequency of
strategies of spatial exploitation of particulaesigs Festuca rupicolancreased by 20 - 30 % in this patch
or turnover rates of all constituent species @1gus (1995), it could decelerate local species exchanges

and Zobel 2002). as well. Fine-scale spatial patterns BEstuca
rupicola could be considered relatively stabile in
Relative role of matrix-forming grass Steppe-type, where it frequently occupied the same
species in controlling local species places from year to year and limited appearances of
turnover patterns other species. Hencekestuca decelerated local

Comparing the relative role of three key grasspecies dynamics, such Bsachypodium pinnatum
species we can state that the species differed fradrd.
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fine-scale turnovers, or inversely, other speciés ®30459.
different growth forms and propagating strategies,
such as Brachypodium pinnatumwith extensive References
clonal growth andBromus erectysbehaved similarly
in generating slow local species turnovers in @ertaAnon. (1883): Military Survey Map. Il. Institute afar History,
coenological conditions. Such like conclusions Budapest. ) )
merged from the studies by Herbenal. (1993) and AnonéL(lij??S:tMllltary Survey Map. lll. Institutef @ar History,
alsF’ KllmeS (1999),' when f',ne'scale SPa“a' qynam'CBartha, S.[,)Méiners, S. J., Pickett, S. T. A. ardl€hasso, M. L.
of individual species and its correlation with glan (2003): Plant colonization windows in a mesic oldld

growth form were investigated. succession. - Appl. Veg. Science 6, 205-212.
Thus, answering our first questions posed in theel Moral, R. (2000): Local species turnover on Mogt. Helens,
introduction, we can say, that in tlachypodium Washington. - Proceedings IAVS Symposium, 2000./@pu

; Press Uppsala, 195-197 pp.
graSS|a‘nd types dgvelopmg after Clez.a'r_f.e”e iggle, P. J.p(?LQ83): Statisticglpanalysis of splgpioint patterns.
oakwoods, local species turnovers were principally ™ st qemic Press, London.
constrained by the abundance and dominangggete, G., Viragh, K. Aszalés, R. and Orléci, (1998):
relationships among species and also influenced by Landscape and  coenological differentiation  in
the canopy height and closure. Referring to the Brachypodium pinnatum grassland. - Coenoses 13339-
second question we can conclude that the fine-scdigkete G., Viragh K., Aszalés R. and Précsény2000): Static
species turnover patterns were temporally and &nd dynamic approaches to landscape heterogemeityel
. . - Hungarian forest-steppe zone. - J. Veg. Sci. 1%;332.

spatially non-random. High and I_ow local SPECi€4ii s, viragh, K., Balogh, J., Nagy, Z. and A, (2002):
turnovers depended on spatial structure of  comparative synphysiological studies dBrachypdium
vegetation. As to the third question, we suggest th pinnatum dominated forest and steppe-type grasslands. -
some matrix grass species had important roles in Acta Biologica Szegediensis 46, 227-229. http://wseivu-
structuring the local species turnover patterns, Szeged-hu/ABS )
according to their abundances. Their spatio-tempor&©°0rd. H. and Eriksson, O. (1997): Local colotiara and
behaviours were not specific but influenced by the extinction of field Ia)_/er p_Iants |nadeC|duousa‘sx_rand their

: . . N dependence upon life history textures. - J. Veg. &c395-
microcoenological structure and spatial organizatio  4qq.
of the whole community. GeiBelbrecht-Tafener, L., GelBelbrecht, J. and MagiL. (1997):

As our study revealed close relationships Fine-scale spatial population patterns and mohdlitwinter-

between spatio-temporal changes of local species annualherbsina dry grassland. - J. Veg. S@08;216.
turnover and spatial patterns of three matrix-foigni G'oson. C. W. D. and Brown, V. K. (1991): The etteof grazing

. - on local colonization and extinction during eanicsession.
grass species, therefore we suggest that fine-scale -3, Veg. Sci. 2, 291-300.

species turnover is not only a phenomenon but iS@enn, s. M. and Collins, S. L. (1990): Patch stz in tallgrass
function of vegetation pattern and it is also a prairies: dynamics of satellite species. - OikosZR-236.
mechanism which generates spatial structure @fenn, S. M. and Collins, S. L. (1992): Effects sifale and
vegetation. Still, we also think that much more  disturbance on rates of immigrations and extinctifh
similar analyses may be necessary to malﬁ species in prairies. - Oikos 63, 272-280. .

. ... _Herben, T., Krahulec, F., Hadincova, V. and Kovarow.
Comparlsons between many types of Commu.mtle '’ (1993): Small-scale spatial dynamics of plant spedn a
which can also promote a further synthesis on grassland community over six years. - J. Veg. 8cil71-
vegetation dynamics characterized by species 17s.
turnover as a working mechanism, dependent Oterben, T., Krahulec, F., Hadincovd, V. and Pechbédk S.
vegetation pattern. (1994): Is a grassland community composed of ctiegis

species with low and high spatial mobility? - FoBaobot.
Phytotax. 29, 459-468.

Hobbs, R. J. and Mooney, H. A. (1995): Spatial &mmhporal
variability in California annual grassland: resuftem a
long-term study. - J. Veg. Sci. 6, 43-56.

TISCIA 34 55



Huber, R. (1994):.. Changes in plant species richnies a
calcareous grassland following changes in envirariaie
conditions. Folia Geobot. Phytotax. 29, 469-482.

Klimes, L. (1995): Small-scale distribution of specrichness in
a grassland (Bilé Karpaty Mts., Czech republic)Folia
Geobot. Phytotax. Praha 30, 499-510.

Klimes, L. (1999): Small-scale plant mobility in species-rich
grassland. - J. Veg. Sci. 10, 209-218.

Li, H. and Reynolds, J. F. (1993): A new contagiadex to
quantify spatial patterns of landscapes. - Landsé&&mwlogy
8, 155-162.

Maslov, A. A. and van der Maarel, E. (2000): Liniiba and
extensions of the carousel model in boreal
communities. Proceedings IAVS Symposium, 2000.
Opulus Press Uppsala, 361-364 pp.

Mojzes, A., Kalapos, T. and Viragh, K. (2003): Ricsy of leaf
and shoot morphology and

foresvan

leaf photochemistry for

(Early regeneration of dolomite vegetation afterning of
Pinus nigra plantations.) In: Csontos, P. (ed.)kl&gyepek
sziinbotanikai kutatasa. (Synbotanical studies otk ro
grasslands.) - Scientia Kiado, Budapest. p. 231-267

Tamm, A., Kull, K. and Sammul, M. (2002): Classifgi clonal
growth forms based on vegetative mobility and ramet
longevity: a whole community analysis. - Evol. Ecab,
383-401.

Thérhallsdéttir, T. E. (1990): The dynamics of aasgland

community: A simultaneous investigation of spataid

temporal heterogeneity at various scales. — J.. H&1884-

908.

der Maarel, E. (1996a): Pattern and procesthénplant

- community: Fifthy years after A. S. Watt. - J. V&gi. 7,
19-28.

van der Maarel, E. (1996b): Vegetation dynamics dpdamic

vegetation science. - Acta Bot. Nerdl. 45, 421-422.

Brachypodium pinnaturfL.) Beauv. growing in contrasting van der Maarel, E. and Sykes, M. T. (1993): Smzdles plant

microenvironments in a semiarid
vegetation mosaic. - Flora 198, 304-320.

O'Neill, R. V., Krummel, J. R., Gardner, R. H., Shara, G.,
Jackson, B, DeAngelis, D. L., Milne, B. T., Turnét, G.,
Zygmunt, B., Christensen, S. W., Dale, V. H. an@t@m,
R. L. (1988): Indices of landscape pattern. - Laage
Ecology 1, 153-162.

Otsus, M. and Zobel, M. (2002): Small-scale turmowe a
calcareous grassland, its pattern and componeitsVeg.
Sci. 13, 199-206.

Palmer, M. W. and Rusch, G. M. (2001): How fastthe
carousel? Direct indices of species mobility wittamples
from an Oklahoma grassland. - J. Veg. Sci. 12, 306-

Partel, M. and Zobel, M. (1995): Small-scale dynasmiand
species richness in successional alvar plant cori@sin-
Ecography 18, 83-90.

Rusch, G. and van der Maarel, E. (1992): Speciemter and
seedling recruitment in limestone grassland. - ©&8, 139-
146.

Ryser, P. (1993): Influences of neighbouring plamsseedling
establishment in limestone grassland. - J. Veg. £ci95-
202.

Sammul, M., Kull, K. and Tamm, A. (2003): Clonabuath in a
species-rich grassland: results of a 20-year ifeatibn
experiment. - Folia Geobotanica 38, 1-20.

Stampfli, A. (1995): Species composition and stagdcrop
variation in an unfertilized meadow and its relasbip to
climatic variability during six years. - Folia Gemb
Phytotax. 30, 117-130.

Sykes, M. T., van der Maarel, E., Peet, R. K. antiems, J. H.
(1994): High species mobility
communities: an intercontinental
Geobot. Phytotax. 29, 439-448.

Tamas, J. and Csontos, P. (1998): A ndvény#et dtani
regeneralédasa dolomitra telepitett feketefenyvesslikén.

comparison.

56

loess forest-steppe

species turnover in a limestone grassland: theusatanodel

and some comments on the niche concept. - J. M8g4S

179-188.

van der Maarel, E. Noest, V. and Palmer, M. W. g)9%ariation
in species richness on small grassland quadrateheNi
structure or small-scale plant mobility? - J. V8gi. 6, 741-
752.

van der Maarel, E. and Sykes, M. T. (1997): Rafesyall-scale
species mobility in alvar limestone grassland. Vdg. Sci.

8, 199-208.

Viragh, K. and Bartha, S. (1998a): Interspecifisasations in
different successional stages Bfachypodium pinnatum
grasslands after deforestation in Hungary. - Ti8dia3-12.

Viragh, K. and Bartha, S. (1998b): Koaliciés stiukt
atrende#dések a |6szsztyepprétek kialakulasa felé tarto
szukcesszio soran. (Changes of coalition structurang the
secondary succession toward the development opRéonis
loes steppe vegetation.) - Kitaibelia 68, 337-338.

Viragh, K. and Bartha, S. (1998c): Fine-scale spati
differentation  of Brachypodium grasslands after
deforestation in Hungary, In: Sjogren E., van dexakél E.,
Pokarzhevskaya G. (eds.): Abstracts of the 41st39AV
Symposium on “Vegetation Science | Retrospect and
Perspective”, 26 July - 1 August 1998, Uppsala, dane
Studies in Plant Ecology, Vol. 20, - Opulus Préggpsala,
p.102.

Viragh, K., Bartha, S. and Botta-Dukat, Z. (2006)ne-scale

coalition structure irBrachypodiumgrassland. Proceedings

IAVS Symposium, 2000. - Opulus Press Uppsala. 38%-3

pp.

in species-rich plantWatkins, A. J. and Wilson, J. B. (1992): Fine-scatenmunity
- &oli

structure of lawn. - J. Ecol. 80, 15-24.

Zhang, W. and Skarpe, S. 1995. Small-scale spegi@smics in
semi-arid steppe vegetation in Inner Mongolia. gVSci.
6: 583-592.

TISCIA 34



