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Abstract. Since it is important to know the degree of Maility of spatial dependence among plant
populations when comparing two communities, bulyabery few literature data exist on it, the
first aim of this study is to give some compensatior this deficiency. We applied information
statistical models to estimate vegetation pattergamzation in an early stage of primary
succession, and computed associatum values amdviréances along the spatial scale. The null
model was the random shift, the validation proceduas also executed for it. We can summarize,
that the sampling area with 5& was sufficiently large to gain interpretable assnon curves.
The area of maximum spatial organization wagts< 15 cm, which significantly differs from null
model. When we divided the whole sampling areaioni stripes, the associatum difference curves
of every parcels had significant interval, and ager of them was similar to the curve from the
whole area. Therefore, a b area could represent the unit of entire commuiithien the area
was decreased to 2n&, the variability of spatial dependence increased] the appearance of
significant associatum values became more unpedalect At this size of area the unity of patterns
organization seems to be collapsed, and the sangalesnot represent effectively the entire
community. Six types of associatum measures wemgpaced regarding to their variability in the
spatial series steps.

Keywords: information theory models, syncreticctions, spatial dependence, spatial scaling,
primary succession, randomization tests, validatibnull models

A. Horvath, Department of Ecology, Szeged University, H-6Bz&ged, Pf. 51, Hungary
L. Makrai , Department of Botany, Szeged University, H-67@&dgd, Pf. 657, Hungary

Introduction In these studies two or more plant communities
were compared on the basis of main syncretic
Since the beginning of nineties, after theunctions, characteristic scaling, or plexus graphs
methodological foundation by Juhasz-Nagy (1972%airwise associations. Generally, each community
1976, 1980, 1984), the application of the informati types (e.g. successional stage) were represented by
statistical models started to get into the pract€e only one sample. Though the field sampling
the spatial pattern analysis. In addition to s@yvinprocedures were very extensive in all cases, aad th
methodical problems (e.g. computation: Bamthal. samples consisted of several hundreds or thousands
1994, Erdei and Téthmérész 1993, Podani 1998f primary plots (microquadrats), the statistical
Horvath 1998), some case studies were also carriedaluation of comparison between communities was
out. These experiments produced some evidencespossible because of missing repetition of samples
about the pattern transformation during primaryor correct separation of different stands it is
succession (cf. Bartha 1990, 1992, Margéczi 199%navoidable to know the variation of adequate
Horvath 1997), or, e.g., spatial dependence aoenological characteristics.
populations in different types of loess steppe There is only a few field experiment that yielded
(Hochstrasser 1995), dolomite grassland communisome facts about the variability of syncretic fimas
ies (Szollat and Bartha 1991, Bartbiaal. 1998) or of a given community. Hochstrasser (1995) studied
prairie vegetation (Barthet al. 1995). seven types of loess grasslands, four of which were
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examined intwo different (consecutive) yearShe (2) How large is the variance of spatial
observed relatively large change between two yeadependence in a community when its pattern is
in maximum associatum and relative associatumivided into some parts? How does this variance
(both from field and random difference values)depend on the size of the partial patterns?
which may be originated only partly from secondary (3) Can the average of associatum functions of
successional dynamics. The temporal shift odifferent parts approach the spatial dependence in
associatum values makes the unambiguowntire community?
distinction of community types impossible. So, ér h (4) Is there any significant difference between
study, the temporal dynamics (trend, periodicity oaverage (or median) of values coming from parcels
stochasticity) of spatial dependence could be greatof field sampling area and randomized patterns?
than its difference between coenotaxa, whereas thei We will focus on the last three problems. We
floristic and physiognomic diversity was signifitan suppose that our relatively extensive field sample
Barthaet al. (1998) compared two dry dolomite represents the studied community, therefore th& mai
grassland types existing on contrasting slopes.dneaim will be to get some evidences about the
them was represented by four, the other one by fiwariability of mutual spatial dependences. We
samples collected from different dolomite hills.compare the variance of field values with random
Mann-Whitney method was applied for testing thepatterns even when randomizations are related not
null hypothesis that the aspect had any effect aexactly to same parcel, but the other part of thierg
some basic syncretic functions. The results showesdand. We use the random shift null model to make
that significant differences between two grasslancandom patterns, and, for correct statistical eatalu
types could be detected when they were restricted ibn, we give the validation of the test.
assemblages of only dominant species. Otherwise,
analysing the entire communities, the variance d#laterials and methods
structural characteristics was quite large. In this
study, however, the sample repetitions for &tudy site
community types were collected fromifferent
stands from different floristic situations, that could The study site was located on the plateau of a
be one component of the great variability. spoil bank consisting of sterile clayey bedrockiclih
We can find some data about variance oériginated from an opencast coal-mine at Hepworth
structural dependence relating doe standof one (near Huddersfield), West Yorkshire, England. The
community only in the work of Barthet al. (1995). field sampling was carried out in first half of May
The subject of this study was to compare threaiprai 1993. Since the stand was only several years lodd, t
communities with two samples for each. It has beesevelopment of vegetation could reach the stage of
pointed out that there was no clear differencgeioneer community, so it could be considered as an
between two stands regarding the relative assauiatiearly stage of primary successional process. The
curves, only the third grassland type was separakd@parently primitive grassland had no complex
from the others. The correlation between totgbhysiognomical structure, it consisted of only two
transect lengths (each sample was divided to twsimple layers. The lower one was composed of
part, and they were fused, respectively) andhosses and lichens, while the upper one could be
maximum relative associatum was not significant. specified as the composition of grasses and some
Some general, partly methodical questions adicotyledons.
problems emerge from the results cited above: The population number was very low, there were
(1) What is the size of sufficiently large sample only ten taxa in the studied area. Only two species
area (grid or transect) that represents the entire (ar@Pogonatum urnigerumand Agrostis capillarig
more or less homomorfous) stand of a givemeached more than @ of frequency regarding the
community for comparison to other ones? Thevhole sampling area, otherwise they were present at
question is related to the problem of variability oleast every third cell of the grid (Talilg. Only the
vegetation pattern along spatial scale. In thisatff half of the species were vascular plants, three of
the scaling problem is independentabfaracteristic  which were grasses. Dominant grass wagostis
scaling because now the aim is just to find thecapillaris, subdominant waPeschampsia flexuosa
smallest part of a vegetation stand that givestaohs which have circumpolar area type, and they are
characteristic values (if they are), independeitdy common in England. Both species exhibited clumped
location in the stand. pattern (Figl); the tussocks oDeschampsiaare
smaller and more segregated.
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Tablel. Taxon list of the studied community. The fregquye Table2. The properties of spatial series steps regardimgalysis

values are calculated from whole sampling are2060P plots. of whole sampling area, stripes and blocks.
Code Taxon name Frequency (%) Step| Number of Area of Number of secondary plots
Pu Pogonatum urnigerurfmoss) 39.68 # | fused primary secondary in whole in in
Ac Agrostis capillaris 35.26 plots plots (nf) | area | stripes | blocks
Gp Grimmia pulvinata(moss) 7.24 1 1x1 0.0025 | 20000 4000  100(
Df Deschampsia flexuosa 5.50 2 2x1 0.0050 19900 3980 98(
Dc Distichium capillaceunfmoss) 5.25 2 gx % 88128 %ggg% g;g% gi}
X . 4
Ra Rumex acetosella 4.06 5 3x3 0.0225 19404 3564 "y
Cp Ceratqdon purpurascern(snoss) 3.26 6 A% 4 0.0400 | 19109 3349 794
Ep Epilobiumsp. 1.59 7 5x5 0.0625 | 18816| 3136 734
Li Lichenes 0.86 8 6x6 0.0900 | 18525| 2925 675
HI Holcus lanatus 0.72 9 7x7 0.1225 | 18236 2716 616
10 8x 6 0.1600 | 17949| 2509 554
11 9% 9 0.2025 | 17664| 2304 504
12 10x 10 0.2500 | 17381| 2101 45]
i i 13 12x 12 0.3600 | 16821 1701 351
Primary and secondary sampling 14 14x 14 0.4900 | 16269 1309 254
) ) 15 16x 16 0.6400 | 15725 925 179
The sampling area was a &0 x 5m grid 16 18x 18 0.8100 | 15189 549 99
(50m?) with 5cm x 5cm microquadrats (primary | 12| 2020 | 10000 14661 181 31
plots), total number grimary plotswas 20000 (200 | 19 28x 28 19600 | 12629 _ _
x 100). We recorded the presence or absence dats (32’-!8 %X zg 5-8888 1915513 - n
. . . . . X . — —
each species in all <_:e|_|s. For studylng the valitgbi | 55 50x 50 6.2500 7701 B _
of pattern characteristics at relatively large arga 23 60x 60 9.0000 5781 - -
i i i - intri 24 70x70 | 12.2500 4061 - .
establl_shed f|ve uniform, non o_verlapplﬂglpeson Se sox80 | 166000 541 - 7
the grid, which are marked with upper case letters

(A-E). Then we divided each stripe into fdpiocks

(signed lower case letters, a-d, cf. Fig. which can Random references

still provide sufficiently large sample size. Thea

of each stripe is 100 (10m x 1m), while the To compare the results with null hypothesis — to

blocks are 2.5n" (2.5m x 1 m). generate random patterns — we applied rteom
shift methods (Palmer and van der Maarel 1995), and

oop——& 2w ©® s @ tom @ a jn one case thecomplete randomization(i.e.

©® I P B T ® independent assignmeim Roxburgh and Matsuki

% TR T ” ,; T “m 1999). Using random shift we can analyse the degree
ol * e %R gl |7 of spatial dependence between populations in such a
© Tl & 1:3.-'7’-;1" ";. : © manner that we randomlz_e only the |nterspeC|_f|c

40 O R .-.'. am patterns (the autocorrelation of each population

® - & i L" - ® pattern is kept more or less constant), and thdtses

j:; - - |, Wa » ' (1:) are free from textural constraints (cf. Bartha and

MR L EL B Kertész 1998). It is reasonable that in the case of

0 (@ 50 (b) 100 (© 150 (d 200

non-stationary patterns (e.g. if the pattern casng$

Fig.1. The pattern oDeschampsia flexuosarhe numbers of several large patChe.s)’ the random shift modifies t

ce?ls on thepgrid are indicateg at bottom and lefhile the value of autocorrelation (Palmer and van de.r Maarel

distance in meters at top and right. The lettepsarentheses mark 1999, Roxburgh and Chesson 1998), regarding to our

the stripes of sampling area (A-E) or the blockstdpes (a-d). relatively large sample area, however, this problem
does not arise (cf. Fid.).

For spatial scaling we performesgystematic Executing Monte-Carlo simulation the number of
secondary samplingn severalspatial series steps randomizations was in general 99, but with smaller
(Table2). Given number of contiguous cells of thedata sets it was 999. In the statistical evaluatien
grid was fused, which formed (except second angerformed one-sided test using significance legel a
fourth step) isodiametric secondary sampling unite = (n—ND +1)/ (n + 1), wheren is the number of
(cf. Table2). The number of secondary plots (samplgandomization,ND is the number of positive or
size) was the greatest possible at each stepsgso negative (the higher) differences between field and
realized ecomplete sampling random values (cf. Manly 1997).
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When we calculate significance level, we haveand minimum values, which are thdocal
no evidences about the real values of probability alistinctivenessfrom field fLD) and the average
type | error. It can be determined however, if weassociatumfrom random referencesafs3. The
compare random patterns to other ones originatédrmula is defined as:
from same methods, and we calculate probability tha _ ]

a characteristic value of a random pattern calAss= (fAss—aAsg / (fLD —aAs9,
significantly differs from others (Roxburgh andor more simplecalAss= dAss/ (fLD —aAs3. The
Matsuki 1999). In ideal cases, the significanceslev other measure is thegnsitive associatum(senAsk
and probability of making a type | error is samevhich is more responsive to spatial dependence,
value, but we have to evaluatalidation procedure because it is defined by the ratio afsociatum
to settle whether it is true or not in a given aiton  difference (dAsg and dissociatumfrom field data
(using a given randomization test, and calculating (fDis9):
given characteristic value). In the first part asRlts P,
we will give the detailed description of the valida senAss= dAss/ fDiss
test method and its results for using random shilit The sensitivity can be seen easily, if we consitlat
model on a grid, and analysing spatial dependefice associatum and dissociatum are complementary
species patterns. measures.
For analysing spatial patterns (calculating

Measure of spatial dependence and itsnformation statistic functions, performing spatial
variability scaling and making random references) we applied

the INFOTHEM program (Horvath 1998). All the

Using information statistical models, we weremeasures arestandardized by the number of
interested in the degree of mutual dependencel of akcondary plotglisted in Table2).
populations within the entire community (Juhasz- For estimating the variability we used the
Nagy 1976, 1984). To estimate it, we calculatedariation coefficientwhich was calculated as a ratio
associatum for field patterns fAsg and the of the standard deviation and the mean of the diata.
associatum differencealues (lAs3 along the spatial comparison of associatum values of field and random
scale. We can get thtAssvalues if we subtra@Ass patterns, since the normality of our data can be
from fAss rejected only in several casd€o{mogorov—Smirnov

— , andShapiro—Wilks' W tegtgenerally théwo sample

dAss= fAss—aAss t-test can be applied. The results of bdttest and
where aAss is the average of associatummalues Mann—-Whitney U testwere similar, so we will
regarding random references. present only the significance values of the lattes,

In comparison of different communities with listed along the spatial scale.
each other, it is worthy to consider the applicatid
relative associatunthat is defined by the ratio of Results
associatunandflorula diversityfrom field data:

relAss= fAss/ fFD

(Bartha et al. 1995, 1998). This measure can be Though Palmer and van der Maarel (1995)
derived from the so callesimple relative associatum referred to the validation process of random models
introduced by Juhasz-Nagy (1984: p. 371), as applied to analyse spatial dependence, and Roxburgh
redundancy estimate given by fAss/ fFD. In the and Chesson (1998) also showed the results of this
cited work (p. 385), Juhasz-Nagy obtained anothenethod, the most detailed and correct descriptéon c
formula to calculate redundancy-like relativebe found in the paper of Roxburgh and Matsuki
associatum, better than the previous one. It iseslg (1999). All three works applied validation test for
asredAsshere, and given by: pairwise associationso it was necessary to extend it
to associatum differencas well.

Regardingrandom shiftprocedure on a grid, we
wherelocEv is thelocal evennes¢see Juhasz-Nagy, can find some facts about validation in only two
1984 for more details). works. Palmer and van der Maarel (1995) pointed

We will introduce two other relative associatumout that atp = 0.05 the probability of type | error is
measures, in relation to null model. Let the foee exactly 5%, so the null model can be validated.
called calibrated associatum (calAsg. It is Afterwards, Roxburgh and Matsuki (1999)
.calibrated” between its actually possible maximunmdemonstrated, that when spatial autocorrelation
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increases, the chance of making type | error algtifferent p-value categories. The result must be a
increases. It means that random shift model can Ibectangular distributionof the frequency histogram,
validated, if the degree of autocorrelation is lowas we can see on Fig, which is made by accounting
(Moransl < 0.4). We can not fully accept this result,all 17 spatial series steps from 100 pseudo-obderve
because they confused two different aspects ¢htterns). To detect any departure from rectangular
randomization test. One of them is the question dfistribution, aKolmogorov-Smirnov one-sample test
keeping autocorrelation value constant. From thiand y *testwere applied, which gave non significant
point of view, the random shift is indeed not afper values  @na= 0.0276, p<0.2; x?=8.0353,
model in case of non-stationary patterns (as it was= 0.43). When we calculated,., and x 2 for each
noted above). However, the question of reliabikty spatial series steps separately, we got also non
the other aspect. It depends on the realization efgnificant deviation in all steps.

randomization process and the calculation of the For completing the validation test the calculation
significance level. Thus, if the test produces readf the probability of type | error is also necegsar
probability of type | error, it can be validatedeev We chose two significance levelp € 0.01 and
when its applicability is questionable (because.gf p =0.05), and counted the number of significant
too few and large patches). For this purpose it igositive or negativelAssvalues at each spatial series
clear that to make pseudo-observedpatterns step. The frequencies, given as relative values, ar
(comparing it to random references), they shouldxactly the rate of type | error, because no sicguitft
have to use also the random shift model, which wasfferences are expected between pseudo-observed
applied for randomization test, but they did it in(actually random) patterns and their random
another way (Roxburgh and Matsuki 1999). references. It can be seen in Tablethat the
probability of type | error corresponds to both
significance levels (considering both negative and
positive differences). AVilcoxon matched pairs test
was applied to detect statistically any difference
between observed and expected relative frequencies
of significant dAssvalues along spatial scale. The
test confirmed that the type | error rate approxada
the chosem level (Table3).

frequency

Table3. The relative frequencies of significant nega(nesSD —)

or positive (FSD+) dAss values from 100 pseudo-observed
patterns, at two significance levels. The Wilcoxdn for
differences between observed (as probability oétyerror) and
category boundaries of p-values expectedFSD values (given byp) are also listed.

Fig.2. Frequency histogram of the distribution pfvalues

referring todAss resulting from validation test of random shift Area (nf) p=0.01 p=0.05
model. Since the number gf-values is 1700, the expected
frequency at each category is 170. Note, that s-eatiges to 0.5, rFSD— | rFSD+ | rFSD - | rFSD+
because of the applied formula of significancelleve 0.0025 0.01 0.01 0.05 0.02
0.0050 0.03 0.01 0.06 0.02
i L 0.0100 0.00 0.00 0.05 0.05
We accomplished the validation test for random 0.0150 0.01 0.00 0.07 0.04
shift model with keeping the above notes in mind. 8-8%8 8-8% 8-8} 8-82 8-82
We chose the stripe A from the whole grid, and 0.0630 0.00 0.01 0.04 0.03
executed random shift procedure on its field patte 0.0900 0.01 0.02 0.04 0.03
making random patterns. The number of such 37200 500 502 008 o0
pseudo-observed pattermgere 100 (each contained 0.2000 0.01 0.00 0.07 0.03
4000 cells). For each pattern tdAsscurves were 0.2500 0.00 0.00 0.03 0.05
calculated using 99 randomizations (also with 8:2888 8:8% 8;8% 8;82 8;82
random shift), and then the significance level was  0.6400 0.03 0.03 0.06 0.06
i i i 0.8100 0.00 0.01 0.08 0.09
pomputed. Since there is no real. spa_mal dependerjce 26000 001 00l 005 008
in pseudo-observed patterns, a significdfssvalue 50100 | o012l o054 ooa7k
can be detected as a result of random coincidenge. 2€'49° : : : :
Therefore we expected the probability for g  WicoxonT 17.5 27.5 57.0 30.0
significance level to fall constantly within the| PforWilcoxonT| 0.944 | 0.625| 0.865] 0.279
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This and the previous results show, that applyin
the random shift model in a statistical test, it i
neither too liberal, nor too conservative. So
regarding tadAssvalues, the model can be validated :
Note, that the validation process was successtih ev
when only 99 randomizations were executed.

field syncretics [bit]

Characteristics of whole sampling area

We have calculated the basic syncretic functior
along the spatial scale to characterize entir
community regarding to whole sampling area o
10mx5m grid (Fig 3a). We have also computed
the difference values using random reference
(Fig. 3b-c). It can be seen on Figp, that thefAss
values are very small compared to other function:
but not zero. Fig3a shows, that only low degree of
spatial dependence appears agreeing with pione
community, but it can be detected even if only te
taxa are present. Characteristic areafldd (as
compensatory are#\omg, fFD (asAs,) andfDissis
0.16m* equally, however forfAss Asss= 0.49m7.
The minimum area (in the sense of Juhasz-Nagy a
Podani 1983),A.in= 12.25m?. The ordering of
maximum areas gives the relation as

Asior = Acomp < Aass -

The characteristic interval is located between
0.01m? and 0.64n7.

Analysing thedAsscurve coming from complete
randomization procedure, it can be almost the san
asfAssvalues (Tablel, Fig.3b). This phenomenon
is due to the given null model which make the spati
dependence among species completely impossib
and indicates that the textural constrains arc
negligible in our sample. Whereas, the influence qf;
patchiness of species pattern can not be neglect

syncretic differences [bit]

syncretic differences [bit]

—o— fLD

0.200

area [m2]

2.000 20.000

~= non significant values
—0— significant dLD
—&— significant dFD

31 —— significant dAss

—<— significant dDiss

0.20

2.000 20.000

0.15
0.10
0.05

0.00

-0.05
-0.10

-0.15

-0.30

-0.20
-0.25

= n.s. values
—&— significant dFD
—A— significant dAss
—O— significant dDiss

0.002

0.020

0.200

area [mz]

2.000 20.000

. 3. Syncretic functions (a) and their differenceueal (b-c)
m whole sample area. Random reference was rptexs by 99

because thalAss curve arising from random shift compete randomizations (b), and random shifts dspectively.
model is sufficiently different (cf. Tabke and The significance levelp=0.01. There are no significantD
Fig. 3c). SignificantdAss values appear at smaller values in case of random shift, because this notlehdoes not

areas, from 0.002&?° to 0.09m? and the maximum
values of them is located at 0.0225 It means, that

the organization of community pattern reaches it¢¥ariability of associatum of stripes
relation to whole sampling area

maximum value in a 16m x 15cm area.

Table4. The characteristic associatum values and theasafor

Before analysing spatial dependencies among

change the autocorrelation of species patterns.

in

whole sample area. populations in the five stripes, we studied some
textural characteristics of patterns. It can behsme

Function maximum| maximum Table5, that the relative frequency of a species can
value (bit) | area (nf) varies among stripes to a relatively high @fimmia
FAss 0.435 0.4900 pulvinatg or less degreeDeschampsia flexuogalt
dAssfrom complete randomizatioh 0.430 0.4900 IS remarkable, that theariation coefficientof taxon
dAssfrom random shift 0.142 0.0225| Saturation (i.e. sum of relative frequencies) waitthie

24

stripes is very low, so the density of presences is
rather similar in each stripe. Relative frequendy o
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the plots containing given number of taxa varieflattened without any well expressed maximum
within the stripes to relatively low degree (Hg. value, compared to the average curve. Otherwise, th
The most frequent are those microquadrats in whidrea of maximunfAss of average curve is rather
just one taxon appears (50-8), while frequency of similar toA,ss0f whole area (0.3 and 0.49m?).
empty plots is equal to those that contain two
populations (about 2%). 18

—+— stripe A
—— stripe B
—+— stripe C

Table5. The relative frequency values of each taxon alhaf
them within the five stripes. The mean, the staddkaviation and
the variation coefficient of frequencies are alstetl. For taxon
names refer Tablé.

—=— stripe D
—*— stripe E

o average
whole area

fAss [bits]
o
©

Tax. Stripe Mean Std. Var. 06
A B C D E Dev.| Coefi.
Pu | 48.6851.75 37.53 25.35 35.1(0 39.68|10.695| 0.270

Ac |33.63 29.30 33.48 36.80 43.17 35.26| 5.129( 0.145 &
Gp | 1.10 7.1016.15 3.13 8.73 7.24| 5.836| 0.806 00

.0.002 0.020 0.200 2.000 20.000
Df | 7.10 5.03 5.15 6.35 3.84 5.50| 1.252| 0.228 ,
Dc | 3.18 4.10 3.20 4.6311.19 5.25| 3.355( 0.639 area [m°]

Ra | 2.10 3.75 4.78 6.30 3.35 4.06( 1.579]| 0.389
Cp| 253 2.13 363 520 2.83 3.26| 1.216{ 0.373 Fig. 5. ThefAsscurves of five stripes, their average, and whole
Ep | 1.98 1.05 098 1.90 2.03 1.59( 0.525| 0.331 sampling area.

Li [ 0.78 0.43 0.53 1.15 1.40 0.86| 0.414| 0.484
Hl | 0.18 1.95 1.35 0.10 0.03 0.72| 0.877| 1.218

all 1101.2 106.6 106.8 90.90 111.4 103.4| 7.892| 0.076

Regarding to allfAss curves of stripes, both
maximum value and its area are sufficiently vagabl
While fAssmaximum is 0.92®it in stripe D, in case
of stripe A its value is nearly doubled (1.73i6).
Moreover, the A, varies between 0.&° and
0.64n7.

60

stripe A . i
0 B orbe The dAsscurves of stripes are also various, but
Sirne 2 theirs significant sections are more similar (f}p.

IS
S

The smallest significandAssmaximum is 0.13Dit

(in stripe D), and the largest one is 0.208 (in
stripe C). The interval, in which the areasd#ss
maximum of stripes are located, can be outlined
between 0.0m* and 0.0623n% It is remarkable,
that the averagelAsscurve of stripes is so much
similar to curve of whole area, that th#Ass
maximum values are equal (0.i), and theAuss

w
S

relative frequency [%]
N
3

=
o

taxon number in a primary plot values, respectively (0.0228°, cf. Fig.6).
Fig.4. Relative frequency histogram of the primary glot
(microquadrats) containing given number of taxathe five 0.25
stripes. 0.20

The fAss curves of each stripes and whole
sampling area are depicted on Fg.An essential
difference can be seen between the whole area &
stripes. One reason of this deviation is that th
sample size were differe(tf. Table2). (The effect

o non significant values
-0.05 - average of stripes

dAss [bits]
o
8

-0.10 significant values:

of sample size can not be neglected even when t ~- StipeA — stripe B

fAss values are standardized by it.) Larger sampl ©| 7= Sibee T shbeD

size generates higher values for stripes in thigca 2, o020 0300
but — because it was always the possible largest d area [m?]

to complete sampling procedure — it can not change
the relative shape of dAsscurve. We can recogniZe rig. 6. ThedAsscurves of five stripes, their average, and whole
however, that the curve for whole area is moreampling area. 99 random shifts were execuyieti.01.

TISCIA 31 25



For comparing different subtypes of associatunfable?. Variation coefficients of different associatumétions
measures, we calculated the variation coefficidnt @long spatial scale from 20 blocks. The coefficieas not been
functions along spatial scale, regarding to fi\r'epes calculated when at least one associatum value egeatine.
(Table6). There are no considerable differences
betweendAss and céAss, while thesenAsshas a Area (nf)| fAss | redAss relAss| dAss| calAss senAss

0.0025 | 0.3689 0.0622| 0.2960( 0.5055( 0.4572| 0.4794

little bit greater values. Generally they have @rg| 0050 | 0.3364 0.0691| 0.2724| 0:4933| 0.4587| 0.4761
variation coefficient than the other three measurdso0.0100 | 0.3308 0.0922| 0.2717| 0.5758| 0.5359| 0.5662
The fAssandrelAss are similar to one another’ but 0.0150 | 0.3330 0.1137( 0.2768| 0.6878| 0.6420| 0.6844

v ; . 0.0220 | 0.3259 0.1467| 0.2659
the variation of relAss is smaller, redAss is 0.0400 | 03199 0.2040| 0.2669

represented by smaller coefficients in first selvera 0.0630 | 0.345Q 0.2890| 0.3000

spatial series steps, but larger values in secaiid f 3-9960 | 9-35170-369%) 0.3082
of spatial scale. (The curves are depicted on&ig. 0.1600 | 0.3614 0.5198| 0.3262
0.2000 | 0.380( 0.5495 0.3349

I - . . . 0.2500 | 0.3932 0.4955| 0.3275
Table6. Variation coefficients of different associatuométions 0.3600 | 0.4824 0.3419| 0.3596

along spatial scale from five stripes. The coeffitihas not been | 0.4900 [ 0.6711 0.3766| 0.4968

calculated when at least one associatum value egetine. 0.6400 | 0.9034 0.3358| 0.7263
0.8100 | 1.131Q 0.2985| 1.0293

1.0000 [ 1.1453 0.2304| 1.0586

Area (nf)| fAss | redAss relAss| dAss| calAss senAss

0.0025 | 0.176§ 0.0285| 0.1500( 0.1852( 0.2096( 0.2201

0.0050 | 0.1722 0.0385| 0.1282( 0.1317( 0.1389| 0.1452 08
0.0100 | 0.18710.0527| 0.1452| 0.1666( 0.1822( 0.1899 07
0.0150 | 0.212( 0.0643( 0.1739| 0.2178| 0.2220( 0.2365 06
0.0220 | 0.2232 0.0847| 0.1890( 0.2698( 0.2650( 0.2869 05
0.0400 | 0.221%0.1147| 0.2002( 0.4078| 0.4023| 0.4239 04
0.0630 | 0.2187 0.1557| 0.2002| 0.5704( 0.5523| 0.5728 03

0.0900 | 0.17470.1844| 0.1534
0.1200 | 0.1409 0.2307| 0.1136
0.1600 | 0.1360 0.2975( 0.1117
0.2000 | 0.1450 0.3656( 0.1222

dAss [bits]
o
o

0.2500 | 0.1737 0.4226| 0.1608 03

0.3600 | 0.2431 0.5544| 0.2232 04
0.4900 | 0.3198 0.5880| 0.2932 051 —— significant values \\/
0.6400 | 0.3852 0.5389| 0.3059 064 7T non significant values

0.8100 | 0.421Q 0.4536| 0.2986 o 020 0300

1.0000 [ 0.4016 0.3475| 0.2233

area [m2]

Fig. 7. The dAss curves of 20 blocks from field. Random
Variability of associatum of blocks reference was represented by 99 random shiftd).01.

As we continued the division of the stripes we We have revealed that eagAsscurve of stripes
have got altogether 20 blocks with B from the and half of blocks have significant domains. They
whole sampling area. Calculatidésscurve for each appear when we compaf&sscurve of a parcel to its
blocks, we can experience that the variability ofown” random references. The next question is
spatial dependence increases if the sampling arefether dAss (or other associatum) curves of all
decreases, as it was expected (Tablehe relations stripes (or blocks) can be significantly differérm
among the different associatum measures in degréwse which are originated from stripes of random
of variance are similar as they were noticeable ipatterns. In this case we have to study the overlap
case of stripes. between a number of associatum curves from

Analysing the curves adAssof blocks (Fig.7), observed and random patterns, as we will explain in
it can be seen that significatssvalues will appear the next chapter.
more accidentally along the spatial scale. Some
curves exhibit significant differences in neithefComparison of associatum curves from
spatial series step. Moreover, only 11 of the 26ield data to those from random patterns
curves have more than one significant values along
the spatial scale. We can conclude the area okbloc  If the community of the whole sampling area is
being so small, that it can not represent perfatidy considered as a unit of vegetation (examining its
total sampling area, and the effects of a localepat spatial dependencies), and this unity does not
to the pattern organization can obscure thdamage when the grid is divided into parts, then we
characteristics of entire community. should have to find that associatum curves
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Fig. 8. The different associatum curves of 5 stripemffield pattern (thick lines with circles), and &8ipes from 5 random patte
made by random shift (thin solid lines). Fkss calAssandsenAs®99 randomization were executed.

of parts significantly differ from all curves calated patterns (Fig8a-f). To detect any differences in
from parts of random patterns. The results expthinanedian values, we appliddann-Whitney U-tesat
above do not support the concept of unity, becausach spatial series step (TaB)e

both textural and structural measures exhibit We can conclude that each applied measure of
considerable variability (cf. Tabk and 6), and we spatial dependence reveals significant difference
have not had any information about associaturinom random patterns, but only in first half of ph
values of a null model yet. For solving this prable series steps. The significant interval of spatcale

we made five random patterns applying random shiftowever is shorter in case féfss redAssandrelAss
procedure, then designated the boundaries of fithan associatum functions using random references.
stripes in each random pattern (as we did it wéldf Moreover, while regarding to the second three
sample), and finally compared the five associaturfunctions @IAss calAss senAsy this interval
curves from field to 25 other ones from randontorresponds to those in which thassitself also has
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the significant values (among them the maximunhable9. Significance levels for Mann-Whitney test. Thalln

; ; : hypothesis is that the median of associatum vdtees 20 field
value, cf. Flgﬁ),’ but in view offAss redASS and _blocks is equal to the 20 ones calculated fromKksaxf a random
relAss the maximum values appear outside of thigattern. The sign of significance levels same daiole7.

significant interval (cf. Fig5). It means, that at
characteristic associatum area we can findrea (nf)| fAss | redAss relAss| dAss| calAss senAss
differences between field and random patterns if Weg 0025 | v - AP [P A
use just the associatum differencaA¢$3 and itS | 0.0050 | * ik |k ox

derived functions qalAss and senAsks The results | 0.0100 [« ki ST I K
show that when we divided the whole area into five 002> A B ol

stripes, the wunity of community remained g o400
uncorrupted. So, each stripe with it can represent :
the 50m” area of stand. 1.0000

_ Conclusions
Table8. Significance levels for Mann-Whitney test. Thalln

hypothesis is that the median of associatum vafes 5 field . .
stripes is equal to the 25 ones calculated froipsstof random (1) The random shift null model applied to

patterns. The sign of significance levelsp< 0.05,+: p<0.01, associatum differenceneasure of large grid data
w2 p<0.001, while no marker indicates the non significan have peen validated. The probability of making the
difference in a spatial series step. type | error is neither larger nor smaller than a

Arca ()| fAss | redAsd relAss| dAss| calAse senAlss chosen level of significance_. In the validation
procedure we used random shift not only for random
el I A Do I S patterns but to make pseudo-observed ones; this is
0.0100 | s . ok | - e contradiction with Roxburgh and Matsuki (1999).
0.0150 | - P T P o (2) The studied pioneer community exhibits low
0.0220 [ » * o R e B o degree of mutual spatial dependence among
8'838 * * - " - populations. This pattern organization appears even
0.0900 N . N when it is compared to random shift null modelsit
0.1200 * * * noteworthy if we consider that the community
0.1600 consists of only ten taxa, and half of them are non
: vascular plants. Associatum values of the samerorde
1.0000 of magnitude were also detected in early stages of

primary succession on dumps from open-cast coal
mining in Hungary (Bartha 1990).
(3) The area of maximum value is 048 for
To prove that this result is not an artifact, wefAss but 0.0225m? for dAssusing random shift. This
compared the associatum curves of 5 stripes frorather small (12m x 15cm) area indicates, that we
one random pattern to othex4 ones (usingMann-  can find the community organizing effects among the
Whitney test as well). Since there are 5 randonminterspecific interactions, and it is presumablett
patterns and 17 spatial series steps, we applied tihe significant positive associatum is not a restilt
test 85 times at each associatum measure. From &&ly spatial heterogeneity of abiotic conditionfieT
comparisons, there were no significant differencesrdering of maximum areas gives the relation as
regarding tdAss redAssrelAss and there were only Agr = Acomp< Asss  Regarding to characteristic
two departures in case dAss calAssandsenAssat  ordering, characteristic intervaland the concrete
p <0.05. values of characteristic areas, the result is most
Examining the consequences of further divisionsimilar to ten years old stand of study cited above

we compared the 20 field blocks to the other 2(Bartha 1990). It seems that the pattern orgamizati
blocks originated from one random pattern made lyrocess takes place similarly in the different iy
random shift. The results are listed in TaBleNow, succession on clayey spoil banks, independently of
the block represent less the unity of communityl anfloristic composition.
they are more different from each other, since (4) The average oflAsscurves from stripes is
significant deviation of associatum measures can beore similar to associatum curve from the whole
found only in first 2- 5 spatial series steps. sampling area than averagefAssvalues. It means

that thedAssoriginated from sufficiently large part
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of a stand can be more effective estimator of the family) - Ilil. Magyar ?kolégus Kongresszus, Szeged
characteristics of the ,whole” community. Eldadésok és poszterek gsszefoglaldi, p.17.

(5) The variability of the examined associatun?artha' S. and Kertész, M. (1998): The importanteeutral-
tb lected d it | h models in detecting interspecific spatial assoofeti from
Ccurves can not be neglected, and It INCreases WNen ... coct data. -Tiscial, 85-98.

the sampling area decreases. While the variati®rha, s., Rédei, T., Szollat, Gy., Bodis, J. andcina, L.
coefficients offAss redAssandrelAsshave slightly (1998): Eszaki és déli kitettség dolomitsziklagglepérbeli
lower values thamlAss calAssand senAssthe last mintazatainak 6sszehasonlitasa. (Compositional rgitye
three measures can be regarded as the ,better;] ones a”dt ﬁ”;?'sca'el Spati)a' Palttemé ?(fl do'omte gff’?ﬁfa;n "

H H H H HR contrastin slopes. - In: ZIKlagyepe szunbow@ni
bec.alilse . In -S.plte of t_hIS Iarger varlab|I|ty they] ca kutatasa (?Ed. C.fontos, P.) Scientia Kgi,;d'cj'); Budap@st59-
exhibit significantly different values from random

. ; . 82
patterns in broader interval of spatial scalegqei, zs. and Téthmérész, B. (1993): MULTI-PATTERNOO.
Moreover, in case oflAss this significant interval Program package to analyze and simulate communitg-w
contains the characteristic (maximum) value. patterns. - Tisci@7, 45-48.
(6) Though the degree of variability is Hochstrasser, T. (1995): The structure of diffetemss grassland

; ; ; : types in Hungary. Diploma work; Vacratot.
C?]nsr']de{r?ble’ théa_re IS ?n mteryalt of Spatllal S‘aile Horvath, A. (1997): Loszgyep-tipusok términtazatéimeforma-
w '9 e, median o . a,S_SOCIa um values Irom - qsqiatisztikai vizsgélata. (Information statistiemalysis of

originated from random patterns. This fact, which  pécs. Eldadasok és poszterek 8sszefoglaléi, p.85.
was observable in stripes, can indicate a unity dforvath, A. (1998): INFOTHEM program: new possitiés of
pattern formation of vegetation. We can conclude spe_ltia_ll series analysis based on information thewethods.
that the 10m’ of sampling area represents the entire - Tiscia3l, 71-84

: . . asz-Nagy, P. (1972): Elemi preferencidlis folgitok
community. On the other hand, the unity beg'ns to informéacioelméleti modellezése sziinbotanikai ohjeid-

collapse if the sampling area is only M4 In the kon. (Information theory models of elemantary prefeial

blocks, the significantdAss values appear rather processes on synbotanical objects.) Kandidatuskezés.

accidentally corresponding to the local pattern, So  Budapest.

the Samp“ng area with 2[52 can not be considered Juhasz-Nagy, P.' (1976): Spatial' dependerjce of plgmtlations.

as an adequate size of pattern organization utteof 22{; g;%‘gegif ar;ar‘]'ész's éf”?g”t"”e for a nevdel). -

examined community. Juhasz-Nagy, P. (1980): A conolégia koegziszteiscial
szerkezeteinek modellezése. (Models of the cermbgi
coexistence structures.) Akad. Dokt. Ert. Budapest.

Juhész-Nagy, P. (1984): Spatial dependence of plamtlations.

. L Part 2. A family of new models. - Acta Bot. Acadci.S
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Programme in Ecotechnie. Manly, B. F. J. (1997): Randomization, bootstrap dvionte-
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