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ABSTRACT

Monitoring designs are often suffering from the inherent non-stationarity of the monitored
systems. To overcome this limitation, we propose a sampling design based on high
resolution mapping and spatial analyses with double spatial scaling process. Applying to
vegetation, we record the presence of plant species along 26 m or 52 m long belt transects
of 520 (or 1040) units of 0.5 cm X 0.5 cm contiguous microquadrats. Beta diversity
(represented as the diversity of species combinations) is estimated by subsequent
computerised samplings from the baseline transect data sets. Beta diversity is scaled with
changing resolutions across a range of scales from 5 cm x 5 cmto 5 cm x 500 cm., and it
is also scaled using moving window technique. Local maximum of beta diversity is
repeatedly calculated in 5 m extent observational windows shifted along the transect with
1 m lag, and the spatial variability of vegetation is visualized by the related beta-diversity
profile. Using a field example, we demonstrate that beta diversity, when applied with our
methodology, is a sensitive indicator, and it can reveal more information than alpha or
gamma diversity.

OSSZEFOGLALO

Komplex rendszerek monitorozasanal tipikus nehézség a stacionaritds hidnya. A
monitorozas tervezésekor gyakran megjosolhatatlanok a rendszer jovObeni tulajdonsagai

-
brought to you by i CORE

Felelds szerkeszt6: Rajkai K és viselkedése. A probléma megoldasira — a ndvényzet estében — nagy felbontast, egyed-

alapu térképezést javasolunk, majd az igy nyert adatok tobblépcsés, térsorozatokon
alapul6 szamitogépes feldolgozasat. A felvételezés soran novényfajok jelenlétét rogzitjiik
mikrokvadratokban. A részletes mintavétel 26 m vagy 52 m hosszu transszektek mentén
torténik, amelyek 5 x 5 cm-es mikrokvadratok Osszefliggd sorozatabol allnak (520 vagy

Kulesszavak:
gyepek, lokalis statisztikak,
szomszédsagi diverzitas,

természetyédeln?i . 1040 db). A szamitogépes feldolgozas soran egy 5 m-es mintavételi ablak segitségével
hatasmonitorozas, térbeli " P, . - : . ,, : il .
Tl elébb elkiilonitiink egy részmintat majd ezt ndvekvé mintavételi egységekkel
skalaza

megvizsgaljuk, és egy tn. lokalis statisztikaval (jelen esetben egyfajta béta-diverzitassal)
jellemezziik. A mintavételi ablakkal a transszektet az elejétdl a végéig “letapogatva” egy
diverzitasi profilt nyeriink, amely bonyolult, nehezen kezelhetd esetekben is (amikor a
stacionaritasi feltételek nem teljesiilnek) jol jellemzi a novényzet allapotat. A mddszer
hasznalatat egy terepi példa segitségével illusztraljuk, megmutatva, hogy a béta diverzitas
mas (alfa- és gamma-) diverzitdsmértékeknél jobb indikatora a vegetacid valtozasainak.

1. Introduction

Permanent grasslands covering more than 9% of Hungary’s surface are important sources of
farmland biodiversity and provide important ecological services. The area of permanent grasslands
declined considerably during the last 150 years and grasslands are threatened by various factors
including intensification and abandonement (Horvath and Szitar, 2007). The National Agri-
environmental Programme of Hungary (Angyan et al., 1999, Haraszthy et al., 2004) introducing
ecologically oriented agricultural strategy provides a basis for combining agricultural production with
nature conservation targets. The horizontal scheme for grassland management offers farm-level
support with environmentally friendly farming prescriptions. Besides protecting and improving
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important natural resources, the grassland management program helps to preserve local rural
communities and their cultural heritage.

Although sustainable agriculture and rural development become a central concern in modern
societies, the benefits of agri-environmental schemes are not easy to recognize, and the effectiveness
of some programmes has been questioned (Kleijn et al., 2001; Kleijn and Sutherland, 2003;
Whittingham, 2007). We propose that understanding benefits of agri-environmental schemes needs
appropriate monitoring system, and the quality of monitoring is a key issue in the evaluation of
environmental impact of schemes. Monitoring should result in feed-backs on the design of financial
support system. Therefore, monitoring is a key element of agri-environmental schemes for testing
whether the management decisions were successful in conserving biodiversity. The cost and quality of
monitoring can influence substantially the success of these programs (Horvath, 2007; Keith et al.,
2011). Many long-term monitoring programs suffer from the problem that sampling designs are
optimized to the initial conditions and become ineffective as the system change over time
(Lindenmayer and Likens, 2009). There is an urgent need to develop adaptive monitoring methods that
are able to deal with complex non-stationary patterns and are able to accommodate to changing
conditions.

Biodiversity measures are routinely used and generally accepted indicators of ecosystem health and
naturalness (Vida, 1999). Biodiversity is linked to ecosystem processes (Tilman, 1999; Loreau et al.,
2002; Hooper et al., 2005), therefore biodiversity indicators can be used as surrogates for assessing
quality of ecosystem functioning. Increasing number of studies demonstrated the importance of spatial
heterogeneity in key ecosystem processes (McNaughton, 1988; Tilman and Kareiva, 1997; Csillag et
al., 2001). Accordingly, increasing attention is paid to beta diversity measures that are able to reflect
these aspects (Anderson et al., 2010). Beta diversity reflects compositional variability, turnover and
related to nestedness (Podani and Schmera, 2011). Beta diversity offers more information about
vegetation structure than traditional alpha and gamma diversities. Recently Bartha et al. (2011)
suggested that beta diversity can be expressed by the number and diversity of species combinations
(components of the information theory models developed by Juhasz-Nagy; cf. Juhasz-Nagy, 1980,
1993). Beta diversity depends on spatial scale and on the abundance of species. The advantage of
using Juhasz-Nagy’s models is the sigma additivity of models and the advanced methodology dealing
with various aspects of scale dependence (Juhasz-Nagy, 1980; Juhasz-Nagy and Podani, 1983).

Plants are sessile organisms characterized by local interactions and limited dispersal capacity.
Local dynamics are rarely synchronized, and vegetation often appears as non-stationary mosaic with
diffuse patches of different degree of organization and different dynamical states. The lack of
stationarity is typical in transitional vegetation undergoing succession or degradation. High resolution
vegetation studies (referred also as microcoenology; Fekete, 1995) are effective to represent these
changing non-equilibrium communities (Bartha, 2004; Bartha et al., 2004). Application of local
measures is also suggested in these systems (Boots, 2002; Brunsdon and Charlton, 2006). Local
statistics are often used in spatial ecology for window-based smoothing or for detecting boundary
structures (Ludwig and Cornelius, 1987; Kérmoczi and Balogh, 1990; Mészaros, 1990; Mile et al.,
2001; Zalatnai and Kérmdczi, 2004). Here we apply the same concept but for assessing (mapping) the
spatial variability of local statistics. During application, first we define a sub-interval (by an
observation window) within the baseline sampled transect data. Local maximum of beta diversity is
estimated within this window (by appropriate spatial scaling), then the window is moved along the
transect, and the local beta diversity is repeatedly calculated. By depicting local beta diversity as a
function of window-position, we get a beta-diversity profile that is useful visualizing spatial variability
of vegetation.

We propose here a new approach for testing success of grassland management measures within the
framework of agri-environmental schemes. Our method is based on high resolution vegetation
sampling and spatial scaling processes, and uses state variables that are effective to represent high
variability of vegetation patterns. The innovative aspect in our proposal is to link the concept of beta
diversity (Anderson et al., 2010; Podani and Schmera, 2011), the vegetation analyses with information
theory models developed by Juhasz-Nagy (Juhasz-Nagy, 1980, 1993), and the moving window
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approach used in spatial statistics (Boots, 2002). In this paper we present this methodology with
simple descriptive statistics applied to vegetation assessment.

2. Methods

2.1. Standardized Sampling Protocol

The patterns of species combinations are sampled with long transects in the field (Bartha and
Horvath, 1987; Bartha et al., 2004). In each stand, the presence of plant species are recorded along 26
m (or 52 m) long belt transect of 520 (or 1040) units of 0.05 m x 0.05 m contiguous microquadrats.
This sampling protocol has been tested and applied successfully in many grasslands and forest
ecosystems (Bartha et al., 2004, 2008; Bartha, 2008b; Campetella et al., 1999, 2004; Gosz et al., 2000;
Viragh et al., 2008). The large number and small size of microquadrats ensure the precise estimation
of frequency and spatial patterns of species and species combinations. Comparing with other sampling
designs (e.g. recording two-dimensional spatial coordinates of individuals or presences in high-
resolution grids), transect sampling is much faster and less destructive. Therefore it can be applied in
large-scale vegetation surveys and long-term monitoring as well (Bartha et al., 2004, Bartha, 2008b;
Viragh et al., 2008).

2.2. Data Processing

We applied an established methodology of spatial scaling and analyses (Juhasz-Nagy, 1980, Podani
et al., 1993, Bartha et al., 1998). For representing beta diversity, we used Compositional Diversity
(Juhasz-Nagy, 1993; Podani, 2006), an entropy measure based on the calculation of the Shannon-
diversity of the frequency distribution of species combinations at increasing plot sizes: H;y =X fi; log,
fij, where f; is the frequency of the kg species combinations detected at plot size j. Because
Compositional Diversity refers to all the realized species combinations (as structural modules) in the
community, it presents a very detailed, high resolution picture about the spatial variability and
complexity of within-stand coexistence relationships. Compositional Diversity was calculated across a
range of scales from 5 cm x 5 cm to 5 cm x 500 cm by merging two, then three, then four, ...etc.
consecutive microquadrats by subsequent computerised samplings from the baseline transect data sets
(spatial series analysis; Podani, 1987, 1992). This computerized sampling and the calculation of
Compositional Diversity was performed by the PRIMPRO program (Bartha et al., 1998). Local
maximum of beta diversity was then repeatedly calculated using 5 m extent observational windows
shifted along the transect with 1 m lag, and the spatial variability of vegetation was visualized by the
related beta-diversity profile.

Alpha diversity (based on species density) was also calculated from the baseline transect data using
25-25 randomly positioned microquadrats. Alpha diversity data was analysed with Welch t test by the
R-statistical program (R Development Core Team, 2009).

2.3. Field example

To demonstrate the practical utility of our approach, we present a case study where two grasslands
grazed by different breed of cattles (Hungarian Grey cattle vs. Holstein-Friesian) were compared.
Hungarian Grey cattles are less selective to plant species and they are kept longer on the pastures
during the year. The question is weather such slight differences in grazing habits could cause
differences in vegetation structures. The grassland sites (Badacsonytérdemic grazed by Hungarian
Grey cattle, and Balatoncsics6 grazed by Holstein-Friesian cattle) are wet meadows, they have similar
soil and similar landscape context. The density of animals was also similar: 3.1 animal units per ha.
Both grasslands were grazed with the same type of cattles during the past 20 years. The grasslands
belong to the slightly degraded form of Agrostio-Deschampsietum caespitosae association with the
same dominant grasses: Festuca arundinacea and Poa pratensis (Borhidi, 2003). The sampling was
performed in late May, 2010, during the phenological optimum of this community, when both sites
had high grass cover and were physiognomically uniform. Wet meadows are man-made seminatural
habitats maintained by permanent mowing and grazing. Therefore, they are typical representatives of
the non-equilibrium systems with inherent transitional characters.
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3. Results

The total number of species found along the transects (gamma diversity) and the related species
density in microquadrats (alpha diversity) were similar between sites (gamma diversity S=27, alpha
diversity s=2.68 in Hungarian Grey cattle pasture; and gamma diversity S=30, alpha diversity s=2.84
in Holstein-Friesian cattle pasture), with no statistical differences in alpha diversities between sites
(t=0.6644, DF=47, p=0.5097).
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Figure 1. Beta diversity (measured by Compositional Diversity, i.e. by the diversity of realized species
combinations) as a function of sampling scale (resolution). We used the maximum of this function for further
comparisons in this study.

To avoid potential hidden influences of gamma diversity, beta diversity was calculated with
constant gamma diversity (S=10, only the 10 most abundant species were included in the analyses at
each sites). Beta diversity (measured by Compositional Diversity) changed considerably with
resolution. The beta diversity relationships between pastures changed also with resolution. Beta
diversity was smaller in Holstein-Friesian cattle pasture than in Hungarian Grey cattle pasture at finer
scales (between 0.5 cm and 0.55 cm). The relationship turned to the opposite direction at larger plot
sizes (Figure 1), i.e., beta diversity became larger in the Holstein-Friesian cattle pasture. Note, that at
both sites, maximum beta diversity appeared at the same resolution (ca. 0.15 cm), but the maximum
was larger on the pasture grazed by Hungarian Grey cattle. Contrary, minimum beta diversity (beta=0,
no compositional variability, i.e., all plots have the same species combination) appeared at finer scale
in the Hungarian Grey cattle pasture.

Detailed scaling with local statistics showed the same relationships (Figure 2a). Except two small
subareas (around 4 m and around 10 m), beta diversity was always smaller along the transect grazed
by Holstein-Friesian. The estimated number and diversity of species combinations are often
constrained by sample size (m=100 units here, using 5 m wide moving windows) and it can be
underestimated. To avoid this bias, our analyses were repeated with smaller number of species (S=7).
However, this repeated estimate gave the same results (Figure 2b).
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Figure 2. Beta diversity profile showing spatial variability of local beta diversity along sample transects in two
grasslands grazed by Hungarian Grey cattle and Holstein-Friesian cattle respectively. Beta diversity is measured
by the maximum of Compositional Diversity.

4. Discussion

Field experiments are often constrained by various factors (only slight differences between
treatments, spatial heterogeneity or short-temporal extent) that might result in ambiguous patterns. Our
approach, due to high-resolution sampling and the various scaling procesess, is sensitive enough to
reveal slight and only locally appearing differences. Field example demonstrates that beta diversity
(i.e. the related within-stand vegetation patterns) can differ when the overall alpha and gamma
diversities are similar. Consequently, an assessment or monitoring with beta diversity is able to reveal
patterns that would remain hidden if only alpha or gamma diversity were used. The hidden
dependence between beta and alpha diversity (Wilson and Shmida, 1984; Jost, 2007, 2010) can lead to
misinterpretations when beta diversity values are compared between areas with different alpha
diversity (Jost, 2007). In our field example, alpha diversities did not differ between sites. Furthermore,
we chose a general and very simple solution to this problem using constant number of species in the
analyses. Subsequent analyses with the original species richness gave the same results (not shown
here).

Our result suggests that grazing by Hungarian Grey cattle could increase beta diversity at fine-scale
while at larger scales beta diversity decreases. This trend is consistent with findings of previous
studies (Juhasz-Nagy and Podani, 1983; Bartha, 1991; Toéthmérész, 1994; Bartha, 2001) and suggests
a general pattern typical in regeneration process (Bartha, 2001, 2004), while the opposite trend is
found in degradation (Bartha, 2001, 2004). Based on these results, beta diversity is an appropriate
indicator for detecting recovery (assembly) or degradation (disassembly) in vegetation. The
methodology we suggested is complex, however, sampling in transects in the field is simple and not
time-consuming, and the subsequent detailed analyses are performed routinely by computer programs
(cf. Bartha et al., 1998).

Our analyses showed that maximum spatial variability appears at fine scales (at quadrat sizes less
than 0.5 m). It is clear that these patterns remain hidden in studies with traditional sampling designs
(sampling with 1 x 1 m or larger sampling units). Working at high resolution can indicate interesting
patterns, however, more important, it can reveal assembly and disassembly processes with
consequences to stand-scale functioning (c.f., synphysiological behaviours, sensu Tuba et al., 1998).
Permanent plot studies showed that high spatiotemporal variability (i.e., high beta diversity) at fine
scale results in high stability at stand scale (Herben et al., 1993; Bartha et al., 2008, Viragh et al.,
2008). Contrary, decreasing fine-scale beta diversity involves decreasing resilience (McNaughton,
1988; Gunderson and Pritchard, 2002), resulting finally in disassembly at landscape scale (Bartha et
al., 2011). Fine-scale beta diversity, therefore, detects dynamically relevant features of vegetation at
relevant scales.
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Choosing appropriate state-variables and scaling parameters are crucial for successful assessments
and monitoring. With our methodology, we collect high resolution data at the level of species
providing baseline data for subsequent rescaling operations. For example, species level data can be
transformed to functional groups or to state-variables of economical interest (e.g. feeding values).
Selecting new scaling parameters (e.g. plot sizes, window sizes and lags) during the processes of
secondary sampling offers various ways to adopt the analyses to the nature of changing vegetation
structures (Podani, 1992). Therefore, the methodology we propose here fulfill the criteria raised for
adaptive monitoring (Lindenmayer and Likens, 2009).

In this paper, a simple example for pilot explorative purposes were presented with emphasis put on
simplicity and the visualization of patterns. However, applying null-models based on Monte Carlo
randomizations (Gotelli and Graves, 1996; Gotelli, 2001) or mechanistic simulation models (Bartha et
al., 1998; Bartha, 2008a) extend this approach for developing spatial statistics dealing with complex
non-stationer patterns.

Since agri-environment payments come from EU budget, the related impact assessment is
obligatory. As part of the Hungarian rural development policy, considerable efforts were paid to
develop a monitoring system for the purpose of National Agri-environmental Programme and also for
Natura 2000 sites (Podmaniczky, 2007; Horvath and Szitar, 2007). Principles, methodology and
monitoring protocols were built between 2005 and 2010 (Horvath and Szitar, 2007; Horvath et al.,
2007, 2009ab). Detailed field monitoring has been started on Natura 2000 sites, however, similar data
collections on farm-lands supported by agri-environmental programmes are still missing. According to
present planning, the related systematic field monitoring will start from 2012. The analyses presented
here fit to the general methodological framework of vegetation monitoring (cf. Horvath and Szitar,
2007), and it can be implemented easily using existing protocols (Horvath et al., 2007, 2009a).

5. Conclusions

Assessing the success of agri-environmental schemes needs appropriate monitoring. Most
seminatural grasslands are specific non-equilibrium systems. Monitoring vegetation changes induced
by specific grassland management schemes requires specific methodology. The transect-based
analysis of beta diversity, we proposed in this paper, is relatively simple and not time-consuming. We
demonstrated that incorporating fine-scale spatial sampling and analyses into routine monitoring
protocols is useful and able to detect patterns that would remain hidden with traditional quadrat
sampling. We use transect sampling that is much faster than other sampling methods, therefore, it is
effective also at landscape-scale surveys and for long-term monitoring with tolerable sampling
disturbance.

Acknowledgements

We acknowledge the general support of the Balaton Uplands National Park. The research was
supported by the Hungarian National Science Foundation (OTKA K 72561).

References

Anderson MJ, Crist TO, Chase JM, Vellend M, Inouye BD, Freestone AL, Sanders NJ, Cornell HV, Comita LS,
Davies KF, Harrison SP, Nathan JB, Kraft NJB, James C, Stegen JC, Swenson NG. Navigating the multiple
meanings of diversity: a roadmap for the practicing ecologist. Ecol. Letters 2011;14: 19-28.

Angyan J, Fésiis I, Podmaniczky L, Tar F, Madarassy A. Nemzeti Agrar-kornyezetvédelmi Program. Ministry
of Agriculture and Rural Development, Budapest, Hungary. 1999.

Bartha S. Diversity processes during revegetation on dumps from strip coal-mining. Monograph Symposium
"Biological Diversity, Madrid, 1991:180-181.

Bartha S. Eletre keltett mintazatok. A JNP modellekrdl. In: Oborny B. editor. Teremtd sokféleség. Emlékezések
Juhasz-Nagy Palra. Budapest: Academic Press, 2001;61-95.

Bartha S. Paradigmavaltas és modszertani forradalom a vegetacio vizsgalataban. Magyar Tudomany 2004;1: 12-
26.

ISSN 2061-862X http://www.magisz.org/journal 6
Sandor Bartha, Zita Zimmermann , Andras Horvath, Szilard Szentes, Zsuzsanna Sutyinszki, Gabor Szab¢, Judit Hazi, Cecilia
Komoly, Karoly Penksza: High resolution vegetation assessment with beta-diversity —a moving window approach




Agrarinformatika / Agricultural Informatics (2011) Vol. 2, No. 1:1-9

Bartha S. Beyond trivial relationships: on the hidden aspects of biodiversity. Folia Geobot. 2008a; 43: 371-382.

Bartha S. Mikroconoldgiai modszerek a taji vegetacio allapotanak vizsgalatara. Tajokol. Lapok 2008b;6: 229-
245.

Bartha S, Horvath F. Application of long transects and information theoretical functions to pattern detection. 1.
Transects versus isodiametric sampling units. Abstr. Bot. 1987;11: 9-26.

Bartha S, Campatella G, Canullo R, Bédis J, Mucina L. On the importance of fine-scale spatial complexity in
vegetation restoration. Int. J. Ecol. Environ. Sci. 2004;30: 101-116.

Bartha S, Czaran T, Podani J. Exploring plant community dynamics in abstract coenostate spaces. Abstr. Bot.
1998;22: 49-66.

Bartha S, Campetella G, Ruprecht E, Kun A, Hazi J, Horvath A, Viragh K, Molnar, Zs. Will inter-annual
variability in sand grassland communities increase with climate change? Community Ecology 2008;9 (Suppl):
13-21.

Bartha S, Campetella G, Kertész M, Hahn I, Kroel-Dulay Gy, Rédei T, Kun A, Viragh K, Fekete G, Kovacs-
Lang E. Beta diversity and community differentiation in dry perennial sand grasslands. Annali di Botanica
2011;1: 9-18.

Boots B, Local measures of spatial association. Ecosience 2002;9: 168-176.
Borhidi A. Magyarorszag novénytarsulasai. Budapest: Akadémiai Kiado, 2003.

Brunsdon C, Charlton M. Local trend statistics for directional data — a mowing window approach. Comp., Env.
and Urb. Syst. 2006;30: 130-142.

Campetella G, Canullo R, Bartha S. Fine-scale spatial pattern analysis of the herb layer of woodland vegetation
using information theory. Plant Biosyst. 1999;133: 277-288.

Campetella G, Canullo R, Bartha S. Coenostate descriptors and spatial dependence in vegetation — derived
variables in monitoring forest dynamics and assembly rules. Community Ecology 2004;5: 105-114.

Csillag F, Kertész M, Davidson A, Mitchell S. On the measurement of diversity-productivity relationships in a
northern mixed grass prairie (Grassland National Park, Saskatchewan, Canada). Community Ecology 2001;2:
145-159.

Fekete G. Tudomanyteriileti attekintések. Fitoconologia és vegetaciotan: hazai aspektusok. Bot. Kozlem.
1995;82: 107-127.

Gotelli NJ. Research frontiers in null model analysis. Global Ecol. Biogeogr. 2001;10: 337-343.
Gotelli NJ, Graves GR. Null models in ecology. Washington: Smithsonian Institution Press, 1996.

Gosz J, Peters D, Kertész M, Kovacs-Lang E, Kréel-Dulay Gy, Bartha S. Organization of grasslands along
ecological gradients: US-Hungarian LTER Grassland cooperation. In: Lajtha K, Vanderbilt K. editors.
Cooperation in Long term Ecological Research in central and eastern Europe. Proceedings of the ILTER
Regional Workshop, 1999 Jun 22-25; Budapest, Hungary. Oregon State University. 2000.

Gunderson LH, Pritchard Jr. L. editors. Resilience and the behaviour of large-scale systems. Island Press,
Washington, 2002.

Haraszthy L, Angyéan J, Podmaniczky L, Vajnané MA. Nemzeti Vidékfejlesztési Terv Erzékeny Természeti
Teriiletek Programja 2004, T4jékoztatd gazdalkodoknak. 2004.

Herben T, Krahulec F, Hadincova F, Kovarova M. Small- scale variability as a mechanism for large-scale
stability in mountain grasslands. J. Veg. Sci. 1993;4: 163-170.

Hooper DU, Chapin FS, Ewel JJ, Hector A, Inchausti P, Lavorel S, Lawton LH, Lodge DM, Loreau M, Naeem
S, Schmid B, Setala H, Symstad AJ, Vandermeer J, Wardle DA. Effect of biodiversity on ecosystem functioning:
a consequences of current knowledge. Ecol. Monogr. 2005;75: 3-35.

Horvath A. Miert kell ,,mindenaron” monitoroznunk? In: Horvath A, Szitar K. editors. Agrartajak novényzetének
monitorozasa. A hatds-monitorozas elméleti alapjai és gyakorlati lehetdségei. Vacratot: MTA OBKI 2007: 12-
13.

Horvath A, Szitar K. editors. Agrartdjak ndvenyzetének monitorozasa. A hatas-monitorozas elméleti alapjai s
gyakorlati lehetdségei. Vacratot: MTA OBKI, 2007.

ISSN 2061-862X http://www.magisz.org/journal 7
Sandor Bartha, Zita Zimmermann , Andras Horvath, Szilard Szentes, Zsuzsanna Sutyinszki, Gabor Szab¢, Judit Hazi, Cecilia
Komoly, Karoly Penksza: High resolution vegetation assessment with beta-diversity —a moving window approach




Agrarinformatika / Agricultural Informatics (2011) Vol. 2, No. 1:1-9

Horvath A, Bartha S, Botta-Dukat Z, Kroel-Dulay Gy, Viragh K. AIR Biodiverzitas Monitorozas. Botanikai
indikatorvaltozok vizsgalatanak részletes leirasa. — Kutatasi jelentés, Vacratot: MTA OBKI, 2007.

Horvath A, Bartha S, B616ni J. Natura 2000 ¢l8hely-monitorozas. Struktura és funkci6 protokoll. Tanulmany a
Kornyezetvédelmi és Viziigyi Minisztérium szamara. Kézirat, Vacratot: MTA OBKI, 2009a.

Horvath A, Bartha S, Viragh K, Somodi I, Szitar K, Molnar Zs, B616ni J, Bird6 M, Kovacs-Lang E, Torok K.
Monitorozasi protokollok kialakitasa a természetvédelem és az agrar-kornyezetgazdalkodas orszagos programjai
szamara. In: Torok K, Kiss KT, Kertész M. editors. Valogatas az MTA Okolégiai és Botanikai Kutatointézet
kutatdsi eredményeibdl 2009. OBKI Miihelyfiizetek 2. Véacratot: MTA OBKI, 2009b: 37-44.

Jost L. Partitioning diversity into independent alpha and beta components. Ecology 2007;88: 2427-2439.
Jost L. Independence of alpha and beta diversities. Ecology 2010.;91: 1969-1974.

Juhdsz-Nagy P. A cénoldgia koegzisztencialis szerkezeteinek modellezése. Akadémiai Doktori Ertekezés,
Budapest. (Kézirat) 1980.

Juhasz-Nagy P. Notes on compositional diversity. Hidrobiologia 1993;249: 173-182.

Juhasz-Nagy P, Podani J. Information theory methods for the study of spatial processes and succession.
Vegetatio 1983;51: 129-140.

Kleijn D, Sutherland WJ. How effective are European agri-environment schemes in conserving and promoting
biodiversity? J. Appl. Ecol. 2003;40: 947-969.

Kleijn D, Berendse F, Smit R, Gilisen N. Agri-environment schemes do not effectively protect biodiversity in
Dutch agricultural landscapes. Nature 2001;413: 723-725.

Keith DA, Martin TG, McDonald-Madden E, Walters C. Uncertainty and adaptive management for biodiversity
conservation. Biol. Conserv. 2011;144: 1175-1178.

Kormdczi L, Balogh A. The analysis of pattern change in a Hungarian sandy grassland. In: Krahulec F, Agnew
ADQ, Agnew S, Willems JH. editors. Spatial processes in plant communities. Praha: Academia, 1990: 49-58.

Lindenmayer DB, Likens GE. Adaptive monitoring: a new paradigm for long-term research and monitoring.
TREE 2009;24: 482-486.

Loreau M, Naeem S, Inchausti P. editors. Biodiversity and Ecosystem Functioning. Synthesis and Perspectives.
Oxford: Oxford Univ. Press, 2002.

Ludwig JA, Cornelius JM. Locating discontinuities along ecological gradients. Ecology 1987;68: 448-450.
McNaughton SJ. Diversity and stability. Nature 1988;333: 204-205.

Mészaros 1. Spatial changes in herb layer in a beech forest/clear cut area ecotone from northern Hungary. In:
Krahulec F, Agnew ADQ, Agnew S, Willems JH. editors. Spatial processes in plant communities. Praha:
Academia, 1990: 59-71.

Mile O, Mészaros I, Lakatos Gy, Veres Sz. A talaj térbeli valtozatossaga és a ndvényzet kozotti 6sszefliggés
vizsgalata kiskunsagi szikes teriileten. Agrokémia és Talajtan 2001;50: 427-438.

Podani J. Computerized sampling in vegetation studies. Coenoses 1987;2: 9-18.
Podani J. Space series analysis of vegetation processes reconsidered. Abstr. Bot. 1992;17: 37-51.

Podani J. With a machete through the jungle: some thoughts on community diversity. Acta Biotheoretica
2006;54: 125-131.

Podani J, Schmera D. A new conceptual and methodological framework for exploring and explaining pattern in
presence-absence data. Oikos 2011;120: 1625-1638.

Podmaniczky, L. editor. Az AIR monitoring funkcidinak fejlesztése, monitoring adatszolgaltatas 1. Javaslat az
AIR terepi monitoring rendszerének mintavételi helyeire és indikatoraira. Tanulmany a Mezégazdasagi
Szakigazgatasi Hivatal Kozpont szamara. 2007.

R Development Core Team 2009. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna. Available from: http://www.R-project.org.

Tilman D. The ecological consequences of changes in biodiversity: a search for general principles. Ecology
1999;80: 1455-1474.

ISSN 2061-862X http://www.magisz.org/journal 8
Sandor Bartha, Zita Zimmermann , Andras Horvath, Szilard Szentes, Zsuzsanna Sutyinszki, Gabor Szab¢, Judit Hazi, Cecilia
Komoly, Karoly Penksza: High resolution vegetation assessment with beta-diversity —a moving window approach




Agrarinformatika / Agricultural Informatics (2011) Vol. 2, No. 1:1-9

Tilman D, Kareiva P. editors. Spatial Ecology. Princeton, New Jersey: Princeton University Press, 1997.
Tothmérész B. Statistical analysis of spatial pattern in plant communities. Coenoses 1994;9: 33-41.

Tuba Z, Cs_iptalan Zs, Nagy Z, Szente K, Kemény G, Takacs Z, Koch J, Badacsonyi A, Murakedzy P, Palicz G,
Koébor Sz, Otvos E, Bartha S. Synphysiology: theoretical foundation and explorative field studies to a new
discipline. In: Fekete G. editor. A k6zdsségi 6kologia frontvonalai. Budapest: Scientia Kiado, 1998:171-196.

Vida G. Helyiink a bioszféraban. Budapest: Typotex, 2001.

Viragh K, Horvath A, Bartha S, Somodi I. A multiscale methodological approach novel in monitoring the
effectiveness of grassland management. Community Ecology 2008;9: 237-246.

Wilson MV, Shmida A. Measuring beta diversity with presence-absence data. J. Ecol. 1984;72: 1055-1064.

Whittingham MJ. Will agri-environment schemes deliver substantial biodiversity gain, and if not why not? J.
Appl. Ecol. 2007;40: 947-969.

Zalatnai M, K6rmoczi L. Fine-scale pattern of the boundary zones is alkaline grassland communities.
Community Ecol. 2004;5: 235-246.

1
ISSN 2061-862X http://www.magisz.org/journal 9
Sandor Bartha, Zita Zimmermann , Andras Horvath, Szilard Szentes, Zsuzsanna Sutyinszki, Gabor Szab¢, Judit Hazi, Cecilia
Komoly, Karoly Penksza: High resolution vegetation assessment with beta-diversity —a moving window approach





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


