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Introduction

In the plant ecological texts there are plenty of theoretical and review papers about the
description of the vegetation pattern of the boundaries and ecotones between the plant
association patches (VAN DER MAAREL, 1990; RISSER, 1995; CADENASSO et al., 2003)
but the detailed description of the phenomenon can only be found in very few papers
(KENT et al., 1997). However, the study of the structure of boundary zones, including
the study of the spatial variation of species composition and the responsible abiotic and
biotic constraints, can be important because the boundary zone is the place of floristic
and ecological changes. Consequently the study of boundary zones is important for
nature and environmental protection issues (KENT et al., 1997). In protected areas the
monitoring of vegetation, performed by vegetation mapping, is an important step to-
wards the compilation of management plans at both regional and association scale too
(KUN — MOLNAR, 1991). On the other hand, during vegetation mapping, it is important
to know the location and size of boundary lines or zones between the patches, but the
determination of these is not easy (BAGI, 1991). The knowledge of the location and
size of boundary zones is especially important in those areas which are affected by
climate change, because past experience showed that the size and location of boundary
zones may change due to environmental changes (RISSER, 1995).

The sandy grass associations of the southern region of the Great Hungarian Plain
are much affected by climate change, and there are data available on these changes
from the last twenty years (MOLNAR et al., 2003). In the last two decades the drought
and the continuously dropping level of the groundwater caused great changes in the
Kiskunsag sandy grass associations (KORMOCZI, 1996). Significant changes have been
shown in the size, shape and species composition of vegetation patches, and also tran-
sitional stands have appeared. Since the vegetation patches also change, the location
and width of boundaries and boundary zones between them might also change (RISSER,
1995). Due to further climatic changes, it can be expected that the width and the loca-
tion of the boundary zones change, but so far there were no detailed studies
(KORMOCZI — BALOGH 1990) on the vegetation boundaries in the sandy grass vegeta-
tion, and their changes have not yet been described.

From a vegetation ecologist’s point of view it is important to follow the seasonal
changes in the vegetation boundaries and to reveal the strength of the relationships of
the boundaries with edaphic parameters.

The objective of the study is to reveal the location and extension of the boundary
zone in sandy grass associations with moving split window technique and to determine
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which edaphic background variables are responsible for the formation of the boundary
zone.

The answers were sought to the following questions:

1. What is the width of the boundary zone between stands, which belong to differ-
ent association types, but have similar physiognomy along an elevation gradient?

2. What is the role of the abiotic parameters in the statistical significance of the de-
tection of boundaries and their width?

3. Is the location and width of boundary or boundary zone stable between the vege-
tation patches of sandy grassland of Bugac?

Materials and methods
Study site

Sampling was carried out on a sandy grassland area of the Kiskunsdg National Park, in
the Danube-Tisza interfluve, Great Hungarian Plain. The sampling site was in a 2.4 ha
fenced part of the “Upper-Bugac” pasture (N46° 41° 49” E19° 36” 05”) where grazing
was ceased in 1976. This is a sand dune area, relief conditions and the former grazing
regime resulted in a mosaic-like complex (Fig. 1) of various sandy grassland communi-
ties (open perennial sand grassland — Festucetum vaginatae RAPAICS ex SO0 1929
em. BORHIDI 1996, sandy pasture — Potentillo arenariae-Festucetum pseudovinae
S00O (1940), dry Molinia sward — Molinio-Salicetum rosmarinifoliae MAGYAR ex
S00 1933) which have similar physiognomy (KORMOCZI, 1983). The soil type under
the grassland is wind-blown sand (Festucetum vaginatae) and slightly humous sand
(Potentillo arenariae-Festucetum pseudovinae, Molinio-Salicetum rosmarinifoliae)
(KORMOCZI, 1983).

Due to the drought of the last two decades and the drop of the level of water table,
the structure of the communities has changed. Several vegetation patches with transi-
tional coenological state have appeared and the incidence rate of boundary zones be-
tween the communities has increased (KORMOCZI, 1988, 1996; MOLNAR, 2003). Due
to the lack of grazing, the sandy pasture (Potentillo arenariae-Festucetum pseudovi-
nae) is now in a transitional state towards the open perennial sandy grassland (Fes-
tucetum vaginatae) in some places of the sampling area. These two xerophilous grass-
lands have similar species composition, their environmental parameters are similar
(KORMOCZI — BALOGH, 1990). As a consequence of the drop in the level of groundwa-
ter at the interdune depressions, the vegetation of dry Molinia sward (Molinio-
Salicetum rosmarinifoliae) became drier. The characteristic species Molinia coerulea
was not observable in the community and was substituted by the xerophilous Festuca
pseudovina. Although some characteristic mesophilous species (Salix rosmarinifolia,
Schoenus nigricans, Scirpus holoschoenus) of the Molinia sward still occur, the meso-
philous species are mostly replaced by the xerophilous ones (KORMOCZI, 1996) like
Potentilla arenaria, Carex stenophylla, Carex liparocarpos, Poa angustifolia.

Vegetation sampling

A 30 m transect was established along elevation gradient in such a manner that the tran-
sect crossed two vegetation patches perpendicular to the hypothesized border. The tran-
sect was 1 m wide, and consisted of 25x25 ¢cm micro-quadrats. VVegetation sampling was
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performed in micro-quadrats by recording presence/absence data of each species popula-
tions. The site was characterized by seasonal samplings during five years performed at
the same calendar times in order to assess the seasonal dynamics of boundary transitions.
Data records were taken in late May and late September each year.

NN\ Festucetum vaginatae . .
v Festucetum vaginatae Stipa capillata facies
z#: Potentillo-Festucetum pseudovinae
[ 1 Molinio-Salicetum rosmarinifoliae
. contours

o transect

100 Meters

Fig. 1. The vegetation map of the sampling area. Double line at the right side indicates
the studied transect
1. abra. A mintateriilet vegetdciotérképe. A vizsgalt szelvényt a jobb oldali kettos vonal
jelzi

Soil sampling and laboratory analysis

Each micro-quadrat of the external row of one transect was sampled for soil (0-10 cm
cores were taken from the centre of the quadrates). Soil sampling was performed paral-
lel with vegetation sampling in one spring period.

The laboratory analysis of the soil samples was carried out according to Hungarian
standard methods (BuzAs, 1988).Soil moisture content was determined gravimetrically
after drying at 105 centigrade. Soil pH was measured in 1:2.5 aqueous suspension with a
glass electrode after 12 hour equilibrium time. Soil organic matter content was measured
with a spectrophotometer after wet oxidation by potassium dichromate and sulphuric
acid. Total nitrogen content was determined according to the Kjeldahl method.
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Statistical analysis

First the presence values were summed for each species in the four microquadrats per-
pendicular to the main axis of the transect at each 25 cm interval, resulting in fre-
quency values ranging from 0 to 4 for each species. We used these frequency values in
moving split window and multivariate analyses (Fig. 2).

Moving split window analysis

For the analysis of the vegetation boundaries the moving split window technique was
applied (WEBSTER, 1973, 1978; LUDWIG — CORNELIUS 1987; JOHNSTON et al., 1992;
LEGENDRE — LEGENDRE 1998). Squared Euclidean Distance function (SED) was com-
puted for each neighbourhoods in the range of 1 to 20 half-window sizes. (For the de-
tailed description of the methods see ZALATNAI — KORMOCZzI, 2004; KORMOCZI,
2005). Plotting the average Z-transformed values of the SED function vs. the window
midpoint position results in a profile diagram where a significant peak is identified as a
vegetation boundary. In our case the half window size 1 means a 25 cm segment of the
transect.

The significance of the peaks was tested with the Z-score transformation of the
distance function (CORNELIUS — REYNOLDS, 1991, HENNENBERG et al., 2005) in order
to solve the problem caused by the significance levels differing at the separate window
widths. After Z-transformation the values computed at particular window widths can
be averaged and the significant peaks can be observed based on the averages.

Z-score transformation is given as:

exp.,k

where d; is the SED value for the i"™ window midpoint position for k half-window size,
o s the overall mean SED value from randomized data for k half-window size

(expected mean), and SDey, « IS standard deviation of SED values from randomized
data for k half-window size.

For the significance test, random reference was made with Monte Carlo method:
the population patterns were randomly shifted compared to each other, thus the distri-
butions of the single populations remained unchanged. SED values were then com-
puted for each window midpoint position. Overall mean and standard deviation of dis-
tances were calculated after 1000 randomization, these are considered as expected val-
ues. Expected means and standard deviations were computed for each window sizes.
The differential profiles were then drawn from Z-scores averaged over 1 to 20 half-
window sizes. On the basis of several hundred simulations, Z-scores greater than 1.85
are considered significant at 5% probability level.

Prior to the computation of the boundary zone from the joint change of the meas-
ured abiotic parameters (relative elevation, pH, organic matter, moisture content, total
nitrogen content), the raw data were standardized by the range, then analysed by MSW
with the application of SED function. For the average Z-score profile diagram of
abiotic parameters the same significance test was used as for the vegetation data.
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Multivariate analyses (CCA)

Direct gradient analysis was performed on the vegetation and soil data in order to re-
veal the relationship between the vegetation and soil variables to distinguish between
the possible boundary zone and the adjacent vegetation patches. Canonical Correspon-
dence Analysis (CCA) of frequency values of the plant species and the values of soil
parameters was performed by the SYN-TAX 5.0 program package (PODANI, 1993).
We used symmetric weighting; 99 % of the variance was explained by the first axis
and 1% of the variance was explained by the second axis.

Results and discussion

On the basis of the studied nine seasonal data series we found that the vegetation is
divided into two markedly different large patches of plant communities (Potentillo
arenariae-Festucetum pseudovinae at the top of the dune, and Molinio-Salicetum ros-
marinifoliae in the depression) and turns into a wide (about 5 m) boundary zone on the
slope in between. Both MSW and ordination show (Fig. 3, Fig. 4) that the patches of
the communities have considerable inhomogeneity.

The width of the boundary zone can be considered large compared to the size of
the community patches (15-30 m in diameter in the studied sandy area). The back-
ground gradient seems to be steep and on the basis of the elevation difference a sharper
boundary is expected (BEGON et al., 1986). But in this case at least five abiotic factors
(albeit some being interdependent) and many species interact in the given section of
the gradient (KENT et al., 1997), and this makes the boundary zone wider and more
diffuse.

The differences among the two community patches and the boundary zone can be
explained principally by the relief differences and consequently by the change in soil
moisture along the transect. However, soil moisture is influenced not only by the relief
but also by the particle size of the soil (ROSENTHAL et al., 2005). At the top of the dune
the larger sand grains are dominant, while below these are mixed with fine grains. Thus
the water-retention capacity and the resulting soil organic matter content are larger in
the depression than at the top of the dune (MOLNAR et al., 2003). The boundary zone
of vegetation indicates the gradient-like increase of soil moisture. The vegetation pat-
tern which is influenced by the relief, soil moisture and soil organic matter affects also
some soil parameters (HUTCHINGS et al., 2003). Closing of the vegetation cover de-
pends on the above mentioned two background factors, and the decomposed dead plant
material affects the nitrogen and organic matter content of the soil (STEFANOVITS,
1999). Under the more open vegetation of the top of the dune, the organic matter con-
tent is lower; it increases gradually downslope as a consequence of the closing vegeta-
tion, and in the interdune depression it reaches its maximum. Here, in the depression
the soil remains moister, thus the vegetation is denser, and therefore the organic matter
and nitrogen content will be the highest in the upper 10 cm of soil of the depression.
The pH of the soil is influenced by the acidity of root exudates and organic matter con-
tent (STEFANOVITS, 1999), therefore pH value decreases where organic matter shows
maximum value.
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Fig. 2. Spatial distribution of local frequency of the plant populations along the transect.
The broken lines at 15 and 19.75 meters sign the boundary zone revealed by MSW
analysis, relief profile is also indicated. The plant species are marked by numbers:

2. abra. A novénypopulaciok lokdlis frekvenciajanak térbeli elrendezodése a szelvény
mentén. A szaggatott v onalak 15 és 19.75 m-nél a mozgo ablakos elemzéssel kimuta-
tott hatdarzonat jelzik. A folytonos vonal a domborzati profilt mutatja. A jobb oldali
skalan feltiintetett szamok a névénypopuldciokat jelzik az alabbi sorrendben:

1. Secale sylvestre Host, 2. Silene conica L., 3. Poa bulbosa L., 4. Bromus squarrosus
L., 5. Tortula ruralis (Hedw.) Gaertn., Meyer, and Scherb., 6. Cladonia furcata
(Huds.) Schrad. ssp.furcata, 7. Cynodon dactylon (L.) Pers., 8. Cladonia foliacea
(Huds.) Willd., 9. Colchicum arenarium Waldst. and Kit. , 10. Falcaria vulgaris
Bernh. 11. Myosotis stricta Link ex Roem. and Schult., 12. Arenaria serpyllifolia L.,
13. Cerastium semidecandrum L., 14. Medicago minima (L.) Bartal., 15. Festuca
pseudovina Hack. ex Wiesh., 16. Kochia laniflora (S.G.Gmel.) Borbas,17. Veronica
arvensis L., 18. Stipa capillata L., 19. Erodium cicutarium (L.) L'Hér., 20. Eryngium
campestre L., 21. Festuca vaginata Waldst. and Kit. ex Willd., 22. Cladonia mag-
yarica Vain, 23. Carex stenophylla Wahlenb., 24. Calamagrostis epigeios (L.) Roth,
25. Potentilla arenaria Borkh., 26. Equisetum ramosissimum Desf., 27. Elymus repens
(L.) Gould, 28. Silene otites (L.) Wibel, 29. Veronica prostrata L., 30. Ononis spinosa
L., 31. Schoenus nigricans L., 32. Verbascum lychnitis L., 33. Carex liparocarpos
Gaudin, 34. Galium verum L., 35. Euphorbia cyparissias L., 36. Poa angustifolia L.37.
Koeleria glauca (Schrad.) DC., 38. Achillea pannonica Scheele, 39. Thymus pannoni-
cus All., 40. Saxifraga tridactylites L., 41. Trifolium montanum L., 42. Teucrium
chamaedrys L., 43. Trinia ramosissima (Fisch. ex Trevir.) W. D. J. Koch, 44. Melan-
drium album (Mill.) Garcke, 45. Scirpus holoschoenus L., 46. Scabiosa ochroleuca L.
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Fig.3. A: Changes of the soil parameters — soil moisture, organic matter, pH, total
nitrogen — along the transect. Moving average of fifth order of the soil data was ap-
plied because of the considerable fluctuation of the raw data. B: The Z-score profile

diagram of vegetation data of May 2004 along the transect. C: the Z-score profile dia-
gram of the soil data along the transect. Vertical lines sign the boundary zone; dotted
vertical line belongs to the peak of the profile C.

3. abra. A: A talajparaméter értékek — talajnedvesség, szervesanyag tartalom, pH,
teljes nitrogéntartalom — valtozasa a szelvéeny mentén. Az adatok otodrendii mozgoat-
lagat abrazoltuk a jelentds ingadozdsok miatt. B: A novényzet Z-profil diagramja 2004
mdjusi adatok alapjan. C: A talajtulajdonsagok Z-profil diagramja. A fiiggoleges
vonalak a hatarzondt jelolik. A szaggatott fiiggbleges vonal a C abra profiljanak
csucsahoz tartozik.
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Fig. 4. CCA biplot of the vegetation data ( @) and soil parameters in the 25 %25 cm
quadrats of the transect. Subsequent points along the transect are linked on the scat-
terplot from 0 to 30m. Larger dots indicate the locations belonging to the boundary
zone determined by MSW. Background factors are marked with diamonds (SOM = sail
organic matter, N= total nitrogen content).
4. abra. A novényzeti adatok (@) és a talajparaméterek (a) CCA kettos diagramja a
szelvény 25%25 cm-es kvadratjai alapjan. A szelvény szomszédos pontjai vannak
osszekotve. Nagyobb méretii pontok a hatarzonahoz tartozo helyeket jelolik, melyeket
az MSV mutatott ki. (SOM=talaj szervesanyag tartalom,; N=teljes nitrogén tartalom)

Edaphic properties influenced more the development of the vegetation boundary
zone than that of the patches of the plant communities (TOTH et al., 1995). The bound-
ary zone is found where the changes of the soil parameters are the strongest. It is no-
ticeable that this sharp change does not appear in the middle of the slope of the dune as
expected but at the foot of the dune. The soil properties start already to change at the
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top of the dune, but the changes become larger at the foot of the dune. In the boundary
zone the soil parameters have intermediate values between those of the top of the dune
and the interdune depression, thus they ensure environmental conditions in which the
species composition of the two community patches can co-occur therefore the type of
this boundary zone can be considered ecocline (VAN DER MAAREL, 1990). In this zone
the characteristic species of the two vegetation patches occur together and few species
occur only here (Fig. 3).
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Fig. 5. A: Average Z-score profile diagrams resulted from the 9 seasonal samples of
the vegetation. B: The average of the 9 average Z-score profile diagrams. Bold lines
indicate in both figures the elevation profile of the sand dune. Vertical lines in figure B
sign the boundary zone
5. abra. A: A 9 mintavételi idészak atlagos Z-profil diagramjai. B: A 9 iddszak profil
diagramjainak atlaga. A vastag vonal mindkeét abrarészen a domborzati profilt mutatja

In a previous study KORMOCZI and BALOGH (1990) found that the boundary zone
between the patches of Potentillo-Festucetum pseudovinae and Molinio-Salicetum
rosmarinifoliae was 2-3 m wide and between the patches of the two dry grasslands
(Festucetum vaginatae and Potentillo-Festucetum pseudovinae) it was wider. Accord-
ing to our results 17 years later, the boundary zone has become wider between the
patches of the same two communities (Potentillo-Festucetum pseudovinae and
Molinio-Salicetum rosmarinifoliae) although not in the same transect. Now it is about
5 m and in the course of five study years the width fluctuated between 3-5 m. It is
possible that this small difference in the width of the boundary zone may be explained
by the changes in the annual precipitation of the given area (KuN, 2001) and the
drought (MOLNAR et al., 2003) during the past 17 years. The species composition of
Molinio-Salicetum rosmarinifoliae stands has changed during the last 20 years as a
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consequence of the drought, in such a way that xerophilous species have appeared and
its species composition became similar to that of Potentillo-Festucetum pseudovinae
(KORMOCZI, 1996). The boundary zone is narrower between communities with differ-
ent species composition and steeper elevation gradient than between communities with
similar species composition and less steep gradient (BEGON et al., 1986; HoOBBS, 1986;
KORMOCZI — BALOGH, 1990). This supports our assumption that the wider boundary
zone is the result of the changes of the vegetation during the last decades. Since the
steepness of the elevation gradient of our study site has not changed, only the soil
moisture available for the plants decreased (MOLNAR et al., 2003) and in consequence
the changes of the species composition could cause the widening of the boundary zone
(NIELSON 1993, RISSER 1992, ROSENTHAL el al. 2005.).

In the nine seasonal data series (Fig. 5) the number and location of the double and
triple peaks are somewhat variable and this shows that the width, sharpness and spatial
pattern of the boundary zone vary from season to season. During the five years we
detected double or triple peaks between the positions 15 and 19.75 m in every season
although they were not significant in every season.

In the case of the spatial pattern of the boundary zone, we found neither trend nor
cyclic change between the data of spring and autumn. The variation appears in every
year different, presumably influenced mainly by the seasonal distribution of precipita-
tion of the given period (RISSER, 1995). The causes of the variation of the spatial pat-
tern of the boundary zone are currently being analysed.

Our results may be used for planning the monitoring of the sandy vegetation and for
the detection of vegetation changes in consequence of the climate change.
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HOMOKI GYEPKOZOSSEGEK HATARZONAJANAK MINTAZATA ES AZ
AZT BEFOLYASOLO EDAFIKUS TENYEZOK

Bevezetés

A novénytarsulasok allomanyfoltjai kozotti hatarok és hatarzondk vegetacids mintaza-
tanak finom Iéptéki és részletes leirasa hianyzik a novényokoldgiai kutatasokbol. Mig
sok elméleti és Osszefoglald cikk sziiletik a hatarzonak és 6kotonok témakorében, ad-
dig a jelenség részletes vizsgalataval nagyon kevés tanulmanyban talalkozhatunk. Pe-
dig a szomszédos novénytarsulasok kozotti hatarzona vizsgalata — a fajkompozicio
fontos lehet, mert gyakran kapcsolatban all természetvédelmi és kornyezetvédelmi
kezelési problémakkal is, hiszen a hatarzona a florisztikai és okoldgiai valtozasok he-
lye. A természetvédelmi teriileteken fontos feladat a vegetacio taj- és tarsuldsszintii
monitorozasa a természetvédelmi kezelések kialakitasahoz, amit jelenleg vegetaciotér-
képezéssel végeznek. A térképezés folyaman azonban a folthatarok megrajzolasakor
fontos ismerni a hatdrvonal vagy hatarzona helyét ¢s méretét a foltok kozott, melyek
meghatarozasa tobbszor gondot okoz. Kiilondsen fontos ismerni a hatarzonak helyét és
méretét olyan teriileteken, melyek fokozottan érintettek a klimavaltozas hatdsaitol,
hiszen irodalmi adatok tamasztjak ald, hogy a kornyezeti valtozasok hatésara az dtme-
neti zondk mérete és helye is megvaltozhat.

A dél-alfoldi homoki és szikes gyepkozosségek a klimavaltozasnak kiillondsen ki-
tettek, az dket érintd bizonyos valtozasokrdl mar az elmult hiisz évbdl is van tudoma-
sunk. A kiskunsagi homoki gyepkozosségeket leginkabb az elmult két évizted aszalyai
és a talajvizszint folyamatos csokkenése befolyasolta, melynek kovetkeztében mar
mérhetd valtozasok torténtek eddig is a vegetaciofoltok méretében, alakjaban és faj-
készletében, valamint dtmeneti conoldgiai statusz allomanyok is megjelentek. Mivel a
vegetaciofoltok is valtoznak, a koztiik 1évd hatarok és hatdrzonak helye és szélessége is
valtozhat. Tovabbi valtozasok hatdsira varhatd hogy a hatarzonak szélessége és helye
is valtozni fog, de a homoki gyepvegetacioban a vegetacios hatarokat még kevesen
vizsgaltak, valtozasaikat pedig eddig még nem irtak le. A szikes gyepkozosségek felé
IS nagyobb figyelem iranyult az utobbi években, mert foként a Kiskunsagban a talaj
sotartalma folyamatosan csokken, €s ezzel dsszefliggésben a szikes vegetacio is folya-
matosan valtozik. Tavérzékeléssel és 1égifotok elemzésével geografusok mar vizsgal-
szempontbol is fontos lenne kovetni a vegetacios hatarok szezonalis valtozasat és fel-
fedni a kapcsolatok erdsségét a hatarok és az edafikus paraméterek kozott.

Célkitiuzések

A vizsgalt tarsulasok idében gyorsan valtoznak, érzékenyek az éléhelyi valtozasra, és
finom Iéptékben is intenziv térbeli valtozasok zajlanak le benniik. Conoldgiai viszo-
nyaik jol ismertek és nem bonyolultak, valamint fajkészletiik sem tal nagy. Allomany-
foltjaik hasonld megjelenésiiek, viszonylag kicsik és sokszor mozaikos elrendez6désii-
ek. Ezaltal modellk6zosségekként alkalmasak ndvényzeti atmenetek tanulmanyozasara.
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A vizsgilat célja, hogy homoki gyeptarsuldsokban mozgdablakos elemzéssel
vizsgalja a hatdrzona helyét és kiterjedését, valamint azt, hogy a hatarhatarzona kiala-
kitasaban milyen edafikus hattérvaltozok jatszhatnak szerepet.

A kovetkezd kérdésekre kerestiik a valaszt a vizsgalat sordn:

1. Térszini gradiens mentén kialakult, eltéré tarsulastipusba sorolt, de hasonld fizi-
ognomiaju dllomanyok kozott milyen szervez6désii hatdrzona jon 1étre?

2. Az él6helyi fizikai tényezOk gradiensének meredeksége milyen mértékben hata-
rozza meg a hatarok erdsségét €s kiterjedését?

3. Alland6-e a hatar és hatarzona helye és szélessége a homoki legel és buckakozi
laprét kozott?

Mintavétel

A vizsgalatot a Kiskunsagi Nemzeti Park egy homokbuckas vidékén, a Felsd-Bugaci
legelén végeztiik, éveld nyilt homoki gyepek és sztyeppesedett buckakozi laprétek
allomanyainak mozaik komplexén.

A vegetacio mintavételezése szabalyos mintaclem elrendezésben tortént, egy szel-
vényt jeloltiink ki egy magassag gradiens mentén, mely egy buckatetdt és egy bucka-
kozt érintett, két vegetaciofolt hatarzonajara merdlegesen. A 30 méteres szelvény men-
tén 25x25 cm-es mikrokvadratokban tortént a felvételezés, a fajpopuldciok jelen-
1ét/hiany értékeit rogzitettiik. A hataratmenetek dinamikajanak vizsgalatahoz szezona-
lis felvételeket készitettlink 5 éven keresztiil ugyanazokban az idépontokban, majus
végeén ¢€s szeptember veégeén.

A szelvény egy kiilsé sorabol talajmintat vettiink 0-10 cm-es talajmélységbdl
minden mikrokvadratbdl. A talajmintavétel egy tavaszi vegetacios felvételezés ido-
pontjaban késziilt.

A talajmintdk kémiai analizise a ,,Talaj és agrokémiai vizsgalati modszerkonyv”
(Buzés 1988) ajanlott modszerei alapjan késziilt. A talaymintakbol szelvényben a ko-
vetkez6 paramétereket hataroztuk meg: nedvességtartalom (w%), pH, humusztartalom,
Osszes nitrogén-tartalom.

Statisztikai elemzések

A vegetacids hatarok elemzését mozgd ablakos eljarassal végeztiik, melyben a szom-
szédsagok kiilonbozOségét négyzetes euklideszi tavolsag fliggvénnyel (squared
euclidean distance: SED) fejeztiik ki. A mddszer alkalmat ad masodlagos mintavételre
az alapadatainkbol, a mozgd ablak méretét ndvelésével térsorozati adatsorhoz jutunk.
fgy tobb térskalan is ki tudjuk szamolni az ablakfelek kozti fiiggvényértékeket a szel-
vény mentén. A szamitott fiiggvényértékeket abrazolva az ablakok kozéppontjanak
figgvényében egy profildiagramot kapunk, ahol a szignifikans cstics azonosithato ve-
getacios hatarként. A csticsok véletlenszeriitél vald szignifikans eltérését a tavolsag
(SED) értékek Z-transzformaciojaval szamitottuk ki, hogy a minden ablakméretnél
kiilonb6z0 szignifikancia szintek problémajat kikiiszoboljiik. A szelvényben mért ta-
lajparamétereket szintén mozgdablakos elemzésnek vetettiik ald, az elemzés eldtt az
adatokat a kiterjedésre standardizaltuk. Az elemzéshez szintén a SED fiiggvényt hasz-
naltuk. A mozgo6 ablakos elemzés szignifikancia tesztjét Monte Carlo modszerrel ké-
szitett random referenciaval végeztiik. 1000 randomizaciébol szamitott tavolsag érté-
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kek atlagat és szorasat alkalmaztuk mint varhat6 értéket. A profildiagramot az 1 és 20
félablak méret kozé esd Z-értékek atlagolasaval adtuk meg. Eldzetes vizsgalatok alap-
jan az 1.85-nal nagyobb értékeket tekintettiik 5% hibavaldszinliségi szinten szignifi-
kans csucsnak.

A vegetacids és talajadatokon egyiitt kanonikus korrespondencia analizist végez-
tink a SYN-TAX 5.0 programcsomag segitségével, hogy felfedjiik a kapcsolatot a
vegetacio €s a talajparaméterek kozott, valamint a kiilonbséget a lehetséges hatarzona
¢s a szomszédos vegetaciofoltok kozott.

Eredmények és értékelésiik

A vizsgalt szelvény mentén a mozgodablakos elemzés egy széles hatarzonat (kb. 5 m
széles) jelez a homoki legeld (Potentillo arenariae-Festucetum pseudoviane So0
(1940) és buckakozi laprét (Molinio-Salicetum rosmarinifoliae MAGYAR ex SO0 1933)
kozott. Ez a hatarzona mind az egyedi felvételek esetén, mind a kilenc szezonélis adat-
sor egylittes vizsgalata soran megjelenik. A hatarzona eléggé széles a vizsgalati tertile-
ten kialakult, mintegy 15-30 m atmérdjii vegetaciofoltokhoz viszonyitva. A hatarzona
okoklin tulajdonsagokat mutat, mert a hatdrzonaban az abiotikus tulajdonsagok kozti
térbeli atmenet folyamatos, €s a hatarzona vegetacioja heterogén, komplex strukturgju
¢s fajgazdag.

A hatarzona szélességét, a mozgdablakos csucsok szignifikancidjat és a novény-
populaciok térbeli eloszlasat a hatdo és mért talajparaméterek meredeksége is befolya-
solja a hatarzonaban. Ha a lejt6 meredek, de a paraméterek meredeksége viszonylag
kicsi, ez a hatarzona kialakulasat eredményezheti, és a szignifikancia erdsségét csok-
kenti, hiszen ez a koriilmény tamogatja a fajok szinte folyamatos cseréjét az adott sza-
kaszon, ami kialakitja a vegetdcid6 mintazatdban a hatarzonat. A kapott eredmények
nem mondanak ellent az irodalomban eddig leirtaknak, inkabb pontositjak azokat. Az
abiotikus kornyezetnek a hatarok szélességére gyakorolt hatasat a legtobben altalano-
san fogalmaztdk meg, mely szerint az abiotikus kornyezetben bekovetkezd éles valta-
sok ¢les €s keskeny hatarokat, mig a folyamatos valtozasok az abiotikus kérnyezetben
sz¢lesebb ¢és diffuzabb hatarzonat eredményeznek a vegetacidban.

Eredményeink azt mutatjak, hogy — hasonléan a biomok kozti hatarzonak helyének
¢s szélességeének idObeli valtozasaihoz — a ndvénytarsuldsok kozti hatarzona szélessége is
mutat idébeli valtozast. A szelvényben az 6téves adatsorban minden tavaszi €s 6szi felvé-
telen megjelenik egy tobb csticsbol dsszeolvadd csucs, mely a hatarzonat jelzi. A hatar-
zonat jelzd kettds vagy hdrmas mozgo-ablakos csucsok szdma és helye szezonalisan
kismértékben valtozik, még ha a csticsok nem is mindig érik el a szignifikancia szintet. A
kialakul6 hatarzona szélessége €s €lessége a szezondlis adatsorokban valtozo, szélessége
3-5 méter kozott valtozik. A hatdr szélességének szezonalis valtozasdban nagyobb sze-
repe volt a fajok tomegességében bekovetkezett valtozdsoknak, mint a fajosszetételbeli
valtozasnak. A hatarzona szerkezetének valtozasaban trend vagy ciklikussag nem latszik
sem ¢évszakosan (tavasz és sz kozott), sem az évek kozott, évrél-évre mashogy valtozik
a hatar sz€lessége €s a csticsok szignifikancidja. Mivel a homoki gyepek szerkezetét be-
folyasold legfontosabb limitald tényez6 a talajbol a novények szamara felvehetd viz,
feltételezhetden az aktudlis id6szak csapadék eloszlasa befolyasolja nagymértékben a
hatarzdna valtozasait, de az ezt kivaltd okok elemzése jelenleg is folyik.
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