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Introduction 

Progress in informatics experienced from the middle of the 20th century induced changes in 

work style, research questions, and methodology of vegetation science (Mucina & van der 

Maarel 1989, Mucina 1997). As a result of computer capacity and speed, electronic databases 

are established in order to collect, store, and share vegetation plot data obtained during the 

century-long history of phytosociology (Braun-Blanquet 1928, Dengler et al. 2008, Dengler et 

al. 2011). These databases enabled researchers to work with much larger sample sizes than 

earlier, when sample sorting was mainly done by hand. Therefore, from the viewpoint of 

sample size, the analyses of broad-scale vegetation patterns seemed possible. For the analysis 

of data sets containing hundreds or thousands of phytosociological relevés, the application of 

statistical tools is indispensable. For vegetation science, especially the methods of 

multivariate data exploration became widespread (Podani 1997). 

At the same time, besides new possibilities and aims, new difficulties also emerged. 

Vegetation plot databases contain relevés from many sources, collected for various purposes, 

and very often with various concepts and knowledge. Moreover, their coverage in space and 

time mirrors the preferences of their collectors rather than the real variation of vegetation 

(Botta-Dukát et al. 2007, Michalcová et al. 2011). Very careful data sorting and filtering are 

necessary in order to obtain a sample from a database that is appropriate for answering 

specific questions (Knollová et al. 2005). 

Currently a wide variety of statistical methods are available for researchers, however, no 

standard methodology is known that would give an acceptable result under all circumstances. 

The choice between the methods needs subjective decisions of the researcher; nevertheless, 

this decision influences the results, and thus, the conclusions. As long as the steps of sample 

collection (including secondary sampling or resampling from databases) and the analysis are 

made carefully, and the results are interpreted with taking potential biases into account, the 

outcomes can be valuable for both researchers and practitioners. Statistically based vegetation 

typologies in Central European countries (e.g. Chytrý 2007, Hegedüšová Vantarová & 

Škodová 2014) are examples of the most important contributions of such works. To date, in 

Hungary only a few vegetation types had been subjected to similar synthesis (e.g. Botta-Dukát 

et al. 2005, Illyés et al. 2009), while many others received little attention, especially in 

comparison with other countries. One of the most neglected vegetation types is the 

Arrhenatheretalia order containing mown and grazed mesic grasslands. Only a few, local 



 
 

studies (e.g. Juhász-Nagy 1959, Máthé & Kovács 1960, Kovács 1994, Lájer 2002, Lengyel et 

al. 2012) provide original information on the associations of the Arrhenatheretalia order, 

while the country-scale syntheses (Soó 1971, Borhidi et al. 2012) are built from the 

generalization and extrapolation these local studies, the foreign literature, and the personal 

field experience of the authors. Since mesic grasslands are important from agricultural, 

economical, and conservational viewpoint, filling gaps in the knowledge about them is an 

urgent task for the Hungarian phytosociologists. 

In my dissertation, I aimed to revise the syntaxonomy of the Arrhenatheretalia order in 

Hungary using statistical tools, and to improve methods in analyses of vegetation databases. 

The dissertation includes three main topics: 

Vegetation databases often give biased representation of the variation of vegetation. In a 

methodological research carried out with Czech colleagues, we proposed a new resampling 

technique for improving the representativeness of vegetation samples. In the first part of my 

dissertation I demonstrate this method. 

During the numerical classification of a sample obtained from a vegetation database, many 

methodological decisions has to be made, starting from filtering the relevés to be involved, 

through data transformation until the required number of clusters. In the second part of the 

dissertation I present a study in which the relative importance of certain methodological 

decisions is assessed by partitioning the variation among classifications attributable to them. 

In the third part of the dissertation, I present the numerical classification and the 

syntaxonomical review of the Arrhenatheretalia order in Hungary. 

 

Materials and Methods 

Heterogeneity-constrained random (HCR) resampling 

This new method replaces the stratified random resampling (Knollová et al. 2005). From a 

vegetation sample (that is, a group of vegetation plots, or relevés) many subsamples are 

selected randomly. These subsamples are ranked according to decreasing mean and increasing 

variance of pairwise compositional dissimilarities between plots. Then, after summing the 

rank scores for each subsample, the lowest summed rank will be given to a subsample in 

which the pairwise dissimilarities between plots are approximately equally high, thus, 



 
 

supposedly, it represents the range of compositional variation of the total sample the best. 

Only the relevés of this subsample are involved in the analysis. The HCR method can be 

applied also to stratified samples. In this case, HCR is applied instead of simple random 

selection within strata. The method is tested in three ways using simulated and real data sets 

with different structure. In the first test, HCR resampling was carried out on an aggregated 

point pattern, then, subsamples from different positions of the heterogeneity rank order were 

compared visually. In the second test, point patterns with different degree of aggregation 

(random, evenly aggregated, unevenly aggregated) were generated, then, on each point 

pattern, resampling with completely random draw, HCR method, stratified random, and 

stratified HCR method was carried out. The spatial distribution of the points in the resulting 

subsample was analysed by Ripley’s K functions. Finally, in the third test, a real data set 

representing three types of mesic meadows was resampled randomly and by the HCR method. 

Both subsamples were classified by a numerical clustering method, and the resulting 

classifications were compared. 

Assessing the relative importance of methodological decisions in vegetation classification 

The analyses were carried out on a real data set representing rock grasslands and a simulated 

data set. Both data sets consisted of 8 nested plots in a spatial series of 80 sampling points. 

For both data sets, sampling points were classified 200 times in a way that all methodological 

decisions (i.e., regarding plot sizes, data transformation, resemblance measure, clustering 

algorithm, and the number of clusters) were made randomly. The resulting 200 non-

hierarchical classifications were subjected to a distance-based redundancy analysis in which 

the variation among classifications was partitioned among the methodological decisions as 

explanatory variables. The full analysis was separately done with the real and the simulated 

data set, and also with a broader and a narrower range of methodological decisions. The 

narrow-range analyses represented cases when only a limited range of methodological 

decisions (for example, only plots over a certain size) are considered. For validating our 

modelling approach, in a simulation we changed the number of methodological decisions to 

be done randomly and tested the proportion of total, explained, and unexplained variation of 

the RDA models. 

Classification of mesic meadows in Hungary 

We compiled a data set of 2055 phytosociological relevés representing Arrhenatheretalia and 

Brometalia erecti orders, using the CoenoDat Hungarian vegetation plot database and the 



 
 

private data of the contributors as main sources. After elimination of relevés of out-of-scope 

types, and geographically stratified HCR resampling, the data set was reduced to 1204 

relevés. Species abundances were square-root transformed. The data set was classified by the 

PAM non-hierarchical method to 60 clusters. For the interpretation of clusters only those 

relevés were considered which were correctly classified according to the silhouette index. 

Between-cluster relationships were analysed by minimum spanning tree and ordination 

methods. Clusters assigned to the same association were merged. Associations were 

characterized by differential, constant, and dominant species, as well as their environmental, 

management, and land-use background. 

 

New scientific results 

Heterogeneity-constained random (HCR) resampling 

The HCR method can improve the representativeness of biased vegetation samples. 

HCR can result in subsamples that, in certain features regarding the distribution of 

plots, are similar to representative vegetation samples. In the highly ranked subsamples of 

the ordering by heterogeneity constraints, points were evenly distributed over the area covered 

by the samples, while lower ranked subsamples showed more aggregated patterns. Both the 

HCR and the stratified random resampling resulted in more evenly distributed subsamples 

than the simple random selection. The best performance was experienced with the 

combination of stratification and the HCR method. After HCR resampling and classification 

of the meadow data set the three meadow types were correctly recognized, while it was not 

the case with random resampling. 

Assessing the relative importance of methodological decisions in vegetation classification 

The choice of clustering algorithm, number of clusters, data transformation and mean 

plot size are the most important methodological decisions that influence the results of 

vegetation classification. These factors explained significant proportions of the variation 

among classifications in all cases, although, their order of importance varied. The effect of the 

clustering algorithm and the number of clusters also depends on the measure to express 

variation among classifications. Using indices controlling for the number and sizes of clusters 

(e.g. Cramér’s V, Goodman-Kruskal’s lambda) would result in lower importance of cluster 



 
 

numbers; however, in practice, the number and sizes of clusters is not indifferent at all when 

interpreting classifications of vegetation samples. 

Till now, the importance of the clustering algorithm, cluster number, mean plot size, 

and data transformation was neglected in comparison with resemblance measure. The 

low variance explained by the resemblance measure is surprising if we consider that within 

the literature of multivariate data exploration in ecology earlier authors emphasized many 

times the differences between certain resemblance measures and the viewpoints to help the 

choice between them. At the same time, much fewer publications appeared about those 

methodological decisions that explained much larger amount of variance in our models. 

Differences in plot size may influence the result even if the area of the relevés varies 

within traditional standard ranges recommended. It is supported by that the effect of plot 

size was significant also in the narrow-range analyses, when only 2 to 4 m2 plots were used. 

Such range of variation is usual in analyses of grassland vegetation. Moreover, many 

textbooks recommend even wider ranges as ‘standard’ plot sizes for sampling grasslands 

(Chytrý és Otypková 2003, Van der Maarel 2005, Dengler és mtsai. 2011). 

Variation partitioning by distance-based redundancy analysis and the Pairbonds 

distance measure is a correct method. When the number of methodological decisions to be 

made randomly was reduced, both the total variation between classifications and the 

explained variation decreased by the same rate, while the unexplained variation remained 

constant. It suggests that variation between classifications as expressed by their pair-wise 

Pairbonds distances can be linearly related to the methodological decisions, therefore 

redundancy analysis is a valid technique to model the relationship between classifications and 

methodological decisions. 

Classification of mesic meadows in Hungary 

Within the Arrhenatheretalia order we confirmed the presence of Arrhenatherion and 

Cynosurion alliances in Hungary, contrary to the presence of Phyteumo–Trisetion. 

In the Arrhenatherion alliance the occurrence of the following associations is confirmed: 

Pastinaco–Arrhenatheretum, Anthoxantho–Festucetum pratensis, Anthyllido–Festucetum 

rubrae, Ranunculo bulbosi–Arrhenatheretum, Filipendulo vulgaris–Arrhenatheretum, 

Tanaceto vulgaris–Arrhenatheretum, Ranunculo repentis–Alopecuretum pratensis. The 

first three of the above list had already been reported by Borhidi et al. (2012). The other 



 
 

associations were identified for the first time in Hungary on the basis of literature of the 

foreign countries. Within the variation range of the Arrhenatherion, Pastinaco–

Arrhenatheretum is in a central position regarding soil nutrient and moisture status, since it 

prefers eutrophic to moderately nutrient rich, mesic soils. The Filipendulo–Arrhenatheretum 

and the Anthoxantho–Festucetum pratensis thrive on moister but nutrient-limited, anaerobic 

soils that can dry out in summer. The former is mainly distributed on Transdanubia where the 

submediterranean and subatlantic climatic influence is stronger, while the latter in found in 

the North Hungarian Mountains under submontane and subcontinental climate. The 

Ranunculo–Alopecuretum is a transitional type between mesic (Arrhenatherion) and wet 

(Deschampsion) meadows. According to our interpretation, the Anthyllido–Festucetum rubrae 

is a rather variable association that occur under humid climate on acidic and nutrient-poor 

soils. The Tanaceto–Arrhenatheretum denotes the weedy Arrhenatherum-grasslands that can 

develop from mowing of old-fields and abandonment or disturbance of hay meadows. 

In the Cynosurion alliance, the presence of Cynosuro–Lolietum, Alopecuro–Festucetum 

pseudovinae, Anthoxantho–Festucetum pseudovinae, and Colchico–Festucetum rupicolae 

nom. prov. is confirmed. The Cynosuro–Lolietum (syn. Lolio–Cynosuretum nom. inv.) 

comprises intensively grazed pastures on nutrient-rich, mesic to wet soils. The Alopecuro–

Festucetum pseudovinae had become forgotten in the Hungarian phytosociological literature, 

although described originally from the north-eastern part of the Great Hungarian Plain. It 

develops from floodplain wet meadows by overgrazing and drying. A less intensively 

managed association with similar distribution is the Anthoxantho–Festucetum pseudovinae. 

An even less intensively grazed, occasionally mown type is also separated, and provisionally 

named Colchico–Festucetum rupicolae. Our results did not support the occurrence and 

separation of the Festuco–Cynosuretum in Hungary. 

In the Brometalia erecti order two associations were recognized for the first time in 

Hungary, both are transitional between mesic and semi-dry grasslands. The Filipendulo 

vulgaris–Brometum erecti, recently designated in Austria, belongs to the Cirsio–

Brachypodion alliance and occurs in the semi-dry to mesic, mown meadows in the western 

part of Transdanubia. The Brachypodio–Molinietum arundinaceae can be recognized by wet 

meadow, forest, acidic grassland, and mountain meadow species according to Slovak and 

Czech literatures, and mostly is assigned to the Bromion erecti order. Its occurrence was 

confirmed in the highest regions of the North Hungarian Mountains. With respect to other 

associations in the Brometalia erecti, we supported the results of Illyés et al. (2009). 
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