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A B S T R A C T 
 
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 × 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 ×  5 cm to 5 cm ×  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. 
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Ö S S Z E F O G L A L Ó 
 
Komplex rendszerek monitorozásánál tipikus nehézség a stacionaritás hiánya. A 
monitorozás tervezésekor gyakran megjósolhatatlanok a rendszer jövőbeni tulajdonságai 
és viselkedése. A probléma megoldására – a növényzet estében – nagy felbontású, egyed-
alapú térképezést javasolunk, majd az így nyert adatok többlépcsős, térsorozatokon 
alapuló számítógépes feldolgozását. A felvételezés során növényfajok jelenlétét rögzítjük 
mikrokvadrátokban. A részletes mintavétel 26 m vagy 52 m hosszú transszektek mentén 
történik, amelyek 5 × 5 cm-es mikrokvadrátok összefüggő sorozatából állnak (520 vagy 
1040 db). A számítógépes feldolgozás során egy 5 m-es mintavételi ablak segítségével 
előbb elkülönítünk egy részmintát majd ezt növekvő mintavételi egységekkel 
megvizsgáljuk, és egy ún. lokális statisztikával (jelen esetben egyfajta béta-diverzitással) 
jellemezzük. A mintavételi ablakkal a transszektet az elejétől a végéig “letapogatva” egy 
diverzitási profilt nyerünk, amely bonyolult, nehezen kezelhető esetekben is (amikor a 
stacionaritási feltételek nem teljesülnek) jól jellemzi a növényzet állapotát. A módszer 
használatát egy terepi példa segítségével illusztráljuk, megmutatva, hogy a béta diverzitás 
más (alfa- és gamma-) diverzitásmértékeknél jobb indikátora a vegetáció változásainak.

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 (Horváth and Szitár, 2007). The National Agri-
environmental Programme of Hungary (Ángyán 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 (Horváth, 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 Juhász-Nagy; cf. Juhász-Nagy, 1980, 
1993). Beta diversity depends on spatial scale and on the abundance of species. The advantage of 
using Juhász-Nagy’s models is the sigma additivity of models and the advanced methodology dealing 
with various aspects of scale dependence (Juhász-Nagy, 1980; Juhász-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; Körmöczi and Balogh, 1990; Mészáros, 1990; Mile et al., 
2001; Zalatnai and Körmöczi, 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 Juhász-Nagy (Juhász-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 
Horváth, 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; 
Virágh 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; 
Virágh et al., 2008). 

2.2. Data Processing 

We applied an established methodology of spatial scaling and analyses (Juhász-Nagy, 1980, Podani 
et al., 1993, Bartha et al., 1998). For representing beta diversity, we used Compositional Diversity 
(Juhász-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: Hj = Σ  fkj log2 
fkj, where fkj is the frequency of the kth 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 (Badacsonytördemic grazed by Hungarian 
Grey cattle, and Balatoncsicsó 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 (Juhász-Nagy and Podani, 1983; Bartha, 1991; Tóthmérész, 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, Virágh 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; Horváth and Szitár, 2007). Principles, methodology and 
monitoring protocols were built between 2005 and 2010 (Horváth and Szitár, 2007; Horváth 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. Horváth and Szitár, 
2007), and it can be implemented easily using existing protocols (Horváth 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. 
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