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Abstract. Intrespecific associations were studied in sglant communities in a Hungarian sandy
area. Aim of present study was to reveal the diffees of species coexistence structures in the
vegetation of different successional stages.

The frequency and intensity of pairwise interspecifssociations positively correlated with the
species number. It was proved, that the higher céstion value was not only a statistical
consequence of higher species number in the speciestands, but it referred to the organization
degree of studied communities, because the spasmxiation values of the real, field samples
were considerable higher than that of the spatialiylomized reference of the same data.

The value of the community level measure 'assatiatind sum of the pairwise associations show
similar rank of the studied stands. Both measue® \spatial scale dependent.

Combination of principal coordinate analysis anexpk diagram method indicated two coalitions
in the species rich communities, such as closessgmad and shrubby habitat: an assemblage with
higher species number and a second one with Iguesiess number.

Keywords: interspecific association, associatumforimation theory statistics, spatial scale
dependence, succession, sandy vegetation
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Introduction ten old fields during 31 years of succession (Myste
and Pickett, 1992). Moderate cattle grazing

The frequency and intensity of interspecificdecreased the number of both positive and negative
spatial associations belong to the most widely usexbsociations in a grassland community (Matus and
measures of coexistence and interaction in plafidthmérész, 1990).
communities. Usually a strong positive association The above-mentioned studies dealt with pairwise
can be obtained between species belonging to thesociations of species. Studying ecological
same community (Greig-Smith, 1983). coalitions, that is organization between population

Association analysis is especially useful to gailmnd community level, has central importance in
insight into the mechanisms of successionalnderstanding species coexistence in plant
processes. Recently, the role and importance obmmunities. Matejka (1992) specified two units in
interspecific association in succession were stlidi this organization level - microcoenosis (a spatial
by several authors. Kikvidze (1992) demonstratedinit), and structural group of species (similarthe
that the selection of species composition is gaing notion of coalition). Vegetation should be viewesl a
through the 'sieve' of interspecific relations dgri a mosaic of species combinations, rather than
succession of alpine-subnival vegetation patches. separate species patterns (Bartha, 1992).

No consistent trend was found in changes of the The plant communities representing different
frequency of significant associations when severaluccessional stages form a landscape-level mosaic-
stages of old-field succession were compared (Lefike pattern on sandy areas of the Hungarian Plain.
and Burianek, 1990). Possible successional sequences of them were

The proportion, number, and level ofdescribed by Hargitai (1940), Zsolt (1943) and
significance of interspecific associations declined Magyar (1960). Recently Fekete (1992) published a

19



new concept of primary succession of sandglba forms a shrub storey here. (50 cm in height,
vegetation which differs from the traditionalabout 25 % in cover).
interpretation of the Hungarian phytosociologists. Plot 5: closed grasdand with some xero-

Interspecific association of species was used fonesophilous and mesophilous species besides the
examining ecological specialization in a grasslandrought-tolerant ones.
community calledFestucetum vaginataéRapaics,

23) So6 29 by Précsényi et al. (1980), but the Plot 6: shrubby habitat (50-60 % cover) of
change of interspecific association relations durinCrataegus monogyna, Juniperus communis, Berberis
succession of this type of vegetation have not beemlgarisandLigustrum vulgare

analyzed.

The aim of present study was to investigate the Plot 7: closedpoplar (Populus alba) forest
change of species coexistence structure amdth admixed Robinia pseudoacacia trees;
interspecific association relations as a functidn oCrataegusmonogynaandJuniperuscommunisnake
succession within sand vegetation. a sparse shrub layer.

Précsényi (1981) and Margdczi (1993)
demonstrated species diversity changes during The areas of the study plots were about 460 m
succession of sandy vegetation. The higher thEhe vegetation of these plots was studied by
species number, evidently, the higher the frequendylargéczi (1993) using multivariate analysis. Ant
of possible pairwise association of species, if thassemblages and epigeic fauna of the same study
relative frequency of species is balanced. In thisites were studied by Jardan et al. (1993).
study | investigated, weather the increase of Bitgn
and frequency of pairwise association duringrield sampling
succession is just a result of higher species numbe We used a modified version of the sampling
or this increase refers to other elements qfrocedure developed by Szollat and Bartha (1991).

complexity of the studied communities. Long transects of 200 contagious small plots, each
sized 20 x 20 cm, were sampled in each stand. The

Study area and methods 40 m long transect was folded 4-5 times, resuléing
zigzag line "netting" the whole plot. The presente

Site description species rooting in the subplots was recorded. én th

The field studies were carried out in a naturghrubby habitat and in the poplar forest only theoh
reserve situated in the southern Hungary, between tlayer was sampled. The presence of lichen and moss
rivers Danube and Tisza near the village o$pecies was recorded and analyzed with the higher
Kéleshalom. The study site is a complex of windplants.
formed sand dunes. Several successional stages of
sand vegetation ranging from bare sand to popl@ata analysis
forest occur at the site. For the present purp@ses Pairwise associations of species were computed
plots were selected, which represent the followinfrom the 2 x 2 contingency tables of each species
stages: pair. Zarr (1984) recommend to use G test for

analyzing contingency table data, where

Plot 1: sparse, pioneer vegetation with some
plant species typical of thBestucetum vaginatae G =2[mlogm+aloga+blogb +clogc + d lbg
the bare surface within the plot may derive from an (a+c) log (a+c) - (b+d) log (b+d) - (a+b) log B+
abandoned small sand-mine. (c+d) log (c+d)]

Plot 2:open perennial grassland with 30-40 % a, b, ¢, and d correspond to the notations of a 2x2
of plant coverage, predominated bffestuca contingency table, m=a+b+c+d is sample size.
vaginata (Festucetum vaginatae danubigle The The same formula was used to define pairwise
moss and lichen layer was also considerable. association of species by Juhasz-Nagy and Podani

(1983) as one of the functions of information thyeor

Plot 3: similar to Plot 2, but predominated bymethod for the study of spatial processes and
Stipa borysthenica (Festucetum vaginatae danubialesuccession. In their paper, the formula of pairwise
stipetosum borystheniche association is as follows

Plot 4: open perennial grassland predominated mi(A,B) = G/2
by species of thé~estucetum vaginatag”opulus
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Table 1. Frequency values of the species in theZB320 cm subplots per study plot. Data of 22 secies, whose pooled frequency
values were below 10 (i.e. 5 %) are not indicaldtk used nomenclature is after Simon (1992).

STUDY PLOTS
SPECIES 112 |3[4] 5] 6] 7 CODE
Achillea pannonica o|OoOf|oOof 1y 73 o] O ACHI
Alyssum tortuosum 30| 1 5 0 0 39 0 ALYS
Asclepias syriaca 16| 0| 0| O Of o O ASCL
Asperula cynanchyca of o] O 0 21 Of O ASPE
Berberis vulgaris o] o0 0 0 260 O 21 BERB
Botriochloa ischemum 0 0 9 0 0 9 0 BOTR
Bromus sterilis oOo|l|O0OfO| O] O| O| 34 BROM
Calamagrostis epigeios of o 0 16 4 Qg a CALAM
Camptothecium lutescens of Ol O 0O 54 ¢ CAMT
Carex flacca 0 0 0 0 0 0 72 CAFL
Carex liparicarpos 12| 24| 34 58 119 7 127 CARE
Cladonia magyarica 0 33 O 14 0 0 0 CLMA
Cladonia rangiformis 0] o0 0 8 5§ O 0 CLRA
Cladonia convoluta 0 59| 8 1 0 4 0 CLCO
Cladonia furcata O 39| 58 1| of 2 © CLFU
Cornus sanguinea 0 0 0 0 19 0 10 CORN
Crataegus monogyna 1 0 0 0 9 0 36 CRAT
Cynodon dactylon 0| o0 14 0| O 0 2 CYNO
Cynoglossum officinale of o 0 0| O 32 0 CYOF
Equisetum ramosissimum of o 0 26 0O Qg a EQUI
Erigeron canadensis 1 13 0 o o 4 q ERIG
Erysimum diffusum 0|4 |5 3 0 7 0 ERYS
Euphorbia cyparissias of 2| o] 6] 28 0O O EUPH
Euphorbia segueriana 59 12 2p 2 9 10 EUPH
Falcaria vulgaris 0| o0 0 0 14 0 0 FALC
Festuca wagneri 0 0 0 73 1 0 0| FEWA
Festuca vaginata 12409 (68 (22 [ 45| 167 5 FEVA
Fumana procumbens 17 5 70 0 [0 3 FUMA
Galium verum 0|0 |0 | 94 37 0| 4 GAVE
Holoschoenus romanus 0 0 0 4 0 [0 HOLO
Kochia laniflora 0 [30|66| 90| 4] O KOCH
Koeleria glauca 12| 13| 36| 2 41 0 0 KOEL
Ligustrum vulgare oo 0 0 24 0 54 LIGU
Minuartia glomerata 0| 4| 0 0 0| 8 0 MIGL
Minuartia verna 5128 8| 1] 2| 0f O MINU
Pimpinella saxifraga of o 0 0| O 0 1 PIMP
Pleurochaete squarrosa of 36 d 37 7 D D PLEU
Poa angustifolia 0] o0 0| 43 51 o0 12 POAN
Polygonum arenarium 0 7 5 12 0 50 O POAR
Populus alba 0| o0 0 33 O 0 0 POPU
Potentilla arenaria 0| 37( 1§ 16 2B 7p O POTE
Prunus spinosa 0 0 0 0 0 2 27 PRUN
Scabiosa ochroleuca 0| O Oof O 21 55 ¢ SCAB
Sedum hillebrandtii 0 3 11 O 0 0 0 SEDU
Stipa borysthenica 23] 132 105 6L 51 98 STBO
Stipa capillata 0of|oO 0 0 64 0| O STCA
Syntrichia ruralis 5 70| 16 34| 22 O 0 SYNT
Taraxacum officinale 0 0 0 0 1 5 4 TARA
Teucrium chamaedrys 0| 41 O 0 113 26 48 TEUC
Thesium arvense 0 0 0 0 4 6 0 THES
Thymus pannonicus 15( 46 4% 0| 5P 1201 ( THYM
Torilis japonica 0 0 (O 0] 0 0 6 TORI
Viola rupestris 0|0 ]JOoO]Of[Of 32 5 VIOL
SPECIES NUMBER 16 |24 |21 (19 [35 |35 |28

The higher this value the greater is the informmatioseparately, by the program INPRO3 of the program
obtained on species B by determining the score fgackage SYN-TAX Ill. (Podani, 1988).

species A and vice versa. The pairwise association The significant positive pairwise association
values [mI(A,B)] were computed for each 7 sitevalues were indicated by edges in the principal
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coordinate analysis (PCoA) scattergram of specietudy sites. The frequency data of species are
computed by the program PRINCOOR from SYN+presented in Table 1. Data of 22 rare species.epool
TAX 1ll.,, Jaccard similarity was used as thefrequency values of which were below 10 (i.e. telo
resemblance measure. Since G is approximatelyo) are not indicated.
distributed as¢®, and the degree of freedom is 1 in  The diversity values of the study sites are shown
the case of 2 x 2 contingency table (Zarr, 1984 Fig. 1. Diversity and species number is higlthie
X°=3.841 (P=10%) was used as an arbitrary threshofosed grassland (plot 5.) and in the shrubby habit
for connecting species by edges. Combination ¢Plot 6), low in bare sand (Plot 1) and in the open
association analysis, and PCoA is very similathi t grassland with small poplar trees (Plot 4). (Fig. 1
plexus graph method used by Matus and Téthmérész
(1991). This method was used to reveal the coalitic
structure of the studied communities.

Associatum is an other important function of the
information theory method (Juhasz-Nagy, 1976 It i
a community level measure that refers not onhho t
pairwise interspecific association relations, ibig a
quantitative expression of the spatial dependeifice
the realized species combinations. Descriptiorhef t 0
method and formula of associatum are given i 1 2 3 4 5 6 7
Juhész-Nagy and Podani 1983. Study stes

Sln,(:_e the S,Ize_ of the §amp|e p|9tS |nflueqce§ trﬁg. 1. Shannon diversity values of the study simsputed from
probability of finding a given species combinationne species frequencies given in Table 1.
(Juhdsz-Nagy and Podani, 1983; Szollat and Bartha,
1991) the sum of positive pairwise association eslu The rank order of the sample sites is rather
and associatum of each study site were computedsailar according to the sum of positive pairwise
15 different sampling unit sizes. The differenttploassociations, associatum (maximal values), species
sizes were obtained by combining 2, 3, 4, 6, 8, 1@umber and diversity (Table 2), indicating the
14, 18, 22, 26, 30, 34, 38, and 50 20x20 cm subplopositive correlation between these measures. The
by the program Spat-Proc (Horvath, unpublished). question is, weather the frequency and intensity of

The same data analysis was performed ogpecies association is only a statistical consemien
random data matrices, and the results were comparefspecies number, or it also refers to the conitylex
with the real, field situation. Original matrices,of the studied communities as well.
containing the species presence data in the subplot

were rearranged in order to gain random referencEPle 2. The rank order of the sample sites aaegréb the
a;pemes number, diversity, maximal values of thm s positive
a

35
3

Shannon diversity
o = N
(53] [ (3] N (5]

The presence qf species in the subplots was sipgtl Airwise associations and associatum.
randomized, without any change of the origin

species numbers and frequencies in the complede dapecies number 1<4<3<2<7<6<5

set. The spatial dependence of species associatl%ﬂv‘ﬁfs'ffy " o - 1 <12 <37 <42 4 <7 3 <6 5 <56
m Of positive pairwise associations <3</ <6<

measures counted from real and random data igsociatum 1<d<3cncrenes

displayed on the Fig. 4 in the case of an open
grassland (Plot 2) and the closed grassland lot The sum of positive associations showed spatial

The spe(;ies associqtion measures were plottgga|e dependence (Fig. 2). They reach maximal
against species number in the case of field datla af),)es at relatively large plot sizes, between 260x

their random reference. The used spatial scale W3Sy 1000x20 cm. These values are considerably
that where the departure from random reference WaRjher than the association values found for the

considerable at both measures (plot size 20x160 cM)y, o0 cm plot size, but the rank of the studieddsa
The Shannon diversity values of the 7 study sites  5iher similar'. Three categories can be

were computed from the frequency values of speciggarentiated in both cases: Low, Medium and High
in the 200 subplots, species number is shown iRengity association levels. The sparse, pioneer

Table 1. vegetation of the Plot 1. represents the Low

association level category, the two open grasslands

(Plots 2 and 3) the Medium one, the closed gradslan

) _ ) o and shrubby habitat (Plots 5 and 6) the High

Diversity and SPEcies associations ) association level category. The relative difference
Altogether 53 species were detected in the 7
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between the maximal association intensity and theata than that of

their random reference.

value found for the 20x20 cm spatial scale is highe

in the case of the open grassland with small popl:
trees (Plot 4) and the forest grass layer (Plot 7
Therefore Plot 4 belongs to the Low level assommti

category at 20x20 cm sample size, but to the Mediu
level category regarding the maximal values. Th
Plot 7 belongs to the Medium level associatiol
category at 20x20 cm sample size, but to the Hig
level category regarding the maximal values (Fjg. 2
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Fig. 2. Spatial scale dependence of the sum otipegairwise
species associations.

A

4500
4000
3500
3000
2500
2000
1500
1000

500

—=— Plot 2, field
——&— Plot 2, random

—*— Plot 5, field

Sum of positive pairwise
associations (bits)

—— Plot 5, random

2 3 4 5 6

Plot size (Ig cmxcm)

3500
3000
2500
2000
1500
1000

500

—=— Plot 2, real
—a— Plot 2, random
—a— Plot 5, real
—— Plot 5, random

Associatum (bit

Plot size (Ig cmxcm)

Fig. 4. Spatial scale dependence of the sum oftipegpairwise
associations (A) and associatum (B) in real, fgtdation, and in

The associatum showed spatial scale dependente spatially randomized case.

as well (Fig. 3.). The rank of the study sites ba t

basis of associatum values were rather similam th®rdination

in the case of pairwise associations both at 2@x20
sampling unit size and at maximal values.
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Fig. 3. Spatial scale dependence of associatum.

Departure from the random reference

of and
coalition structure

In the study site of pioneer, sparse grassland
(Plot 1) no intensive positive association devetbpe
between the frequent species. This community ig ver
simple and undeveloped, represents the pioneeg stag
of sandy succession. Only two pairs of species are
associated in the open grassland with small poplar
trees (Plot 4). So, plexus graphs of these twoystud
sites are not shown.

The frequency of associations is higher in the
two open grassland study sites (Plot 2 and 3) tlaed
coalition structure is rather similar (Figs. 6 and
Two separate coalitions exist, one with four meraber
and an other with three members in both stands. A
parallel feature is, that PARM (a lichen speciesa i
central member in the three-member group, and the
other member (THYM in Plot 2, and POTE in Plot

species possible

The spatial dependence of the departure wa® has similar growing form. Clonal growth along th
displayed in the case of an open grassland (Plot 99il surface is characteristic on both species. The

and the closed grassland (Plot 5) (Fig. 4). Diffiers

KOCH is a member of the four-member coalition,

between the sum of positive pairwise associationbut it is difficult to find out any possible assegb
and associatum values of the real and random datde, for the other three members has rather differ

were considerable high at larger spatial scales.

character in Plot 2 and 3. The dominant perennial

A positive correlation was found when thegrasses (FEVA and STBO) are close to each other in
species association measures were plotted aghist the graph, but do not belong to any coalition, ppeh
species number (Fig. 5). The increase of speci®ecause of their high frequency (they are present i
association frequency and intensity with specieglmost every subplots).
number was much more intensive in the case of field

TISCIA 29
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more species, and a subordinated coalition with
fewer members. The dominant coalition in Plot 5
include 9 species with rather mesophilous and
generalist character. The subordinated coalition is
represented here I8tipa borysthenicatwo Festuca
species and a mossSSyntrichia ruraliy. These
species belong to the open sand grassland community
(Festucetum vaginataevhich has a drought tolerant
character.

POTE
EUPH

FUMA

CARE

KOCH

0 5 10 15 20 25 30 35

Species number

Fig. 5. Connection between the species number laadsum of .
positive pairwise associations (A), and associafBjn computed PARM_ FEVA
from the real, field data matrices and from thejratially et
randomized references.

Fig. 7. Plexus graph of the species of Plot 3. éiletare given at

Fig. 6).
TEUC
PARM THYM
JHYM KOCH CARE ~ FEWA— STBO
PLE
TEYC
POTE
tico MIVE
o
STBO PLEU
FEVA POAN  POTE
CARE
GALI
FEVA
TCA
cLvA
U

SYNT

SCAB

Fig. 6. Plexus graph of the species of Plot 2. The spemies
arranged according to the first two axis of the RCo Fig. 8. Plexus graph of the species of Plot 5. 4letre given at
Czekanowski similarity was used as the resemblaneasure, Fig. 6).

plot size: 20x160 cm. The significant positive péase
association values are indicated by edges. Thaespbelow 5%
frequency value are not shown. Species names hetpng the
abbreviations are given in Table 1.

In Plot 6 (shrubby habitat) the dominant
coalition is built from eight closely connected
species. The subordinated coalition consist of two
In the closed grassland (Plot 5) and in thgrass species (POAN and FEVA), one herb (ASPE)

shrubby habitat (Plot 6) there are more significarind CARE which is one of the most frequent species
associations (Figs. 8 and 9). Two coalitions can bf the study sites.

separated in both plots: a dominant one containing
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associations with the successional age of the old
vore field. Bartha (1992) pointed out that using a aaref
FEVA scas scaling procedure and large samples higher number
onE STEe of species combination can be detected even in the
case of relatively simple, undeveloped early
successional plant assemblages. In present stedy th
sample size is smaller than recommended by Bartha
(1992), but the associatum values even at plot size
20x20 cm show differences of the studied vegetation
types, and determine a possible successional ofder
them (Fig. 3). This is because our study sites
represent different successional stages of a highly
natural vegetation, and it is not an oldfield, &dd
by Leps and Burianek (1990) and Myster and Pickett
(1992), or not weed community, studied by Bartha.

POAN

ASPE

BERB

Species association frequency and
intensity as a measure of community
organization degree

F?g. 9. Plexus graph of the species of Plot 6. #iletre given at Departure from the random reference was very
Fig. 6). low in the above mentioned small spatial scale abut
larger scale (plot size 20x160 cm) it was
considerable (Fig. 4). The higher the species numbe
the larger the difference between the real andaand
values (Fig. 5), indicating, that the detected éase

CRAT carL of species association intensity and frequencpisan
trivial statistical phenomenon, but refers to the
organization degree of the studied communities. So
only the sparse, pioneer vegetation of Plot 1 aan b
regard as randomly organized. The co-occurence of
BROM plant populations is restricted by assembly rules
e (Wilson, 1991) in the other five study sites. Altigh

we tried to choose spatially homogenous patches for
the study, it cannot be excluded, that a certagrate

of soil micro- heterogeneity influenced the spatial
organization of the vegetation.

TEUC

CARE BERB

PRUN

Fig. 10. Plexus graph of the species of Plot 7t4eare given at Spat|_al depen_depce of the detectability of
Fig. 6). species associations

Careful spatial scaling is recommended to reveal
In the understorey vegetation of the poplar forestll of the relevant species combinations (Bartha,
two small coalitions can be found, similar to thpeo  1992; Szollath and Bartha, 1991). In this work we

grassland sites (Fig. 10). found that the rank of the studied stands did not
change considerably when regarding the maximal
Discussion value at appropriate spatial scale and the value at
20x20 cm sampling unit size. The same was found
Species association and succession both in the case of pairwise associations or

The three distinguished association leveassociatum (Figs. 2 and 3). Only the Plots 4 and 7
category (Low, Medium and High) correspond withhas different character in this respect. The
three successional steps. The same three catefjorydetectability of species associations is more apati
these study sites were established using diversitlependent here, than in the other five study plots.
ordering (Margoczi, 1993). The association intensity is low at low spatiallsca

Leps and Burianek (1990) found no consisterttut the maximal value is relatively high. Further
trend, Myster and Pickett (1992) described a decliranalysis will be required to reveal the reasonhis t
in the changes of the frequency of significanphenomenon. Presumable these study plots represent
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not a single, intact community, but a complex offargitai, Z. (1940): Nagykords névényvilaga Il Aorhoki

several transitional or disturbed patches. novényszovetkezetek. (Vegetation of Nagykoérés.Plant
communities on sand). - Botanikai. K6zlemények. 375-
240.

Species coalition structure Jardan, Cs., Gallé, L. and Margdczi, K. (1993): Aommunity

In the pIOtS of Low level association category cpmposition in a Hungarian successional sand duee. a
(Plot 1 and 4) no coalitions were revealed on the Tiscia 27 9-16.

. . .. .\ asz-Nagy, P. (1976): Spatial dependence of plamtlations.
basis of pairwise associations. Two coalitions Were™ "o, 1~ Equivalence analysis (An outline of a nead). -

found in the other 5 study plots. In the plots of  Acta Bot. Acad. Sci. Hung. 22, 61-78.
Medium level association category the specie®ihasz-Nagy, P. and Podani, J. (1983): Informatioeory
number of the coalitions was low and equal. The methods for the study of spatial processes andessimm. -

K L. . Vegetatio 51, 129-140.
species number of the coalitions was 9 and 3 in t%vidze, Z. (1993): Plant species associationalpine-subnival

closed grassland (Plot 5), and it was 8 and 4 é th  yegetation patches in the Central Caucasus. - J. of
shrubby habitat (Plot 6). The latter species coalit Vegetation Science 4, 297-302.
structure is rather similar to that of found by feef Kormoczi, L. and Balogh, A. (1990): The analysis mittern

. . . change in a Hungarian sandy grassland - In: KrahHg
and Stanova (1993) in an acidophilous sand dune, Agnew, AD.Q.. Agnew, S. and Willems, J.H. (edSpatial

where 10 species formed a larger _coalition qndrqthe processes in plant communities. pp. 49-58.
three species a smaller one. The size of the mmalit Leps, J. and Burianek, V. (1990): Interspecificoagations in
revealed by plexus-graph method was very similar in ~ ©ld-field succession. - In: Krahulec, F., Agnew,.DQ.,

z 4.z . Agnew, S. and Willems, J.H. (eds.): Spatial proegsis
the study of Matus and Téthmérész (1990) as well: plant communities. pp. 13-22.

10_ and 3 in an Undiswrped sand grassland, anad 8 yagyar, P. (1960): Alféidfasitas (Afforestation the Great
2 in the grazed part of it. These results suggésas, Hungarian Plain). - Akadémiai Kiadé, Budapest.
in sand grass|and communities p|ant popu]ations aMargdczi, K. (1993): Comparative analysis of sustmsal stages

; i of a sandy vegetation - a case study. - Tisci828
grOUped genera"y In two separate coalitions, ahe (R/Iatejka, K. (1992): Some aspects of the theoryhefécosystem

it With higher species number, and the other W’W I spatial structure I. Theory. - Ekolégia (CSFR) 369-377.
species number. Present study does not provide amytus, G. and Téthmérész, B. (1990): The effegirafing on the
suggestion about the nature of the assembly rules structure of a sandy grassland. - In: Krahulec,Agnew,

forming such coalition structure. Population level ~AD-Q. Agnew, S. and Willems, J.H. (eds.). Spatial
processes in plant communities. pp. 23-30.

approach is necessary to find them. . . Myster, R.W. and Pickett, S.T.A. (1992): Dynamic§ o
The coalitions in Plot 5 can be differentiated = associations between plants in ten old fields dugih years

according to the drought tolerance character of the of succession. - J. of Ecology 80, 291-302.

members. This is in good agreement with the resufedani. J. (1988): SYN-TAX il Users manual - Afastia
Botanica 12, Supplement 1.

of Kormopzy and Balogh_ (1990) that drothtPrécsényi, I, Fekete, G., Molnar, E., Melké, Enda/iragh, K.
tolerance is important driving force of the spatial  (1980): Niche studies on some plant species ofaastand
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