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Introduction 

For my dissertation, I studied forest communities – more specifically, I explored the biotic 

and abiotic factors determining or influencing two important groups of the forest understory, 

ground dwelling bryophytes and herbs. My work was carried out within the Őrs-erdő Project. 

My colleagues examined numerous other organism groups (epiphytic bryophytes and lichens, 

soil and wood inhabiting fungi, seedlings and saplings, ground beetles, saproxylic beetles, 

spiders, and birds). We recorded the following background factors: tree species composition, 

stand structure, light conditions, microclimatic conditions (air humidity and temperature), 

substrate availability, physical and chemical properties of the soil and the litter, surrounding 

landscape, landscape history. As a result, we acquired a comprehensive view of the condition 

and interactions of the studied forest stands. 

The work was carried out in the westernmost corner of Hungary, in the forests of Őrség and 

Vendvidék. The forests of the area are remarkably diverse, owing, on the one hand, to their 

special biogeographical location (junction point of several biogeographical regions), and on the 

other, to their complex landscape history. In the past thousand years, the region and the forests 

in it have been utilised in many different ways, partly ensuring continuous forest cover, albeit 

with various and sometimes intensive forest use, and partly causing deforestration and later 

reforestration. Additionally, this region is one of the very few in Hungary where traditional 

stem selection forestry system, typically pursued in small forest patches, was preserved, 

alongside with the industrial shelterwood forestry system of the twentieth century. As a result, 

the area is particularly well suited to the examination of the effects of various forest 

management methods. 

The most prominent feature of any forest is, without a doubt, the stand. Because of the 

industrial importance of wood, the trees get the most attention in scientific as well as practical 

respects. The other plants present are usually less studied, although their biodiversity and 

significance in ecosystem functioning are far from negligible. Obviously, the rest of the forest 

plant community cannot be discussed separately from the stand, as the trees determine or at 

least highly influence the site conditions of the forest, such as below canopy light and 

precipitation, and soil characteristics – water content, pH, nutrient dynamics. As forest 

communities are highly complex ecosystems, the exact manifestation of the interactions is 

specific to every forest. However, it is more or less generally accepted that tree species richness 

and structural heterogeneity both have positive effects on the species richness of the understory 

(Mölder et al 2008; Ampoorter et al 2015). 
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Besides the trees, the organism groups of the understory are also very important, despite 

their slighter biomass. In temperate woodlands, the herbaceous understory accounts for a 

considerable part of the total biodiversity (Gilliam 2014). As opposed to typically long-lived 

woody plants, herbaceous plants, with usually shorter life cycles, are very successful at tracing 

the regular or even random changes in the forest. The trees require a long time to fill the open 

spaces created by these changes and disturbances, and at the beginning of the process, the 

presence of the herbaceous or bryophyte layer may be vital for seedling growth. Also because 

of their usually quick life cycles, the nutrient cycling of herbs is more dynamic than that of trees 

(Muller 2014). At first glance, bryophytes are even less significant: they are typically small, 

and globally, their species number is also much lower than that of herbs. Their ecological role, 

however, is still often more important than one would expect based on their biomass alone 

(Smith et al 2015). Because of their poikilohydric quality, they play an important role in 

developing even microclimatic conditions, and they are home to countless invertebrates in the 

studied forests as well. 

Aims of the study 

The aim of my dissertation is to explore the most important background factors affecting the 

bryophyte and herbaceous layer of the forests of Őrség and Vendvidék. By ground dwelling 

bryophytes I refer to bryophytes on all available substrates on the ground (mineral soil, 

decaying wood, roots). As the study area was confined to one region of Hungary, the 

connections found and the conclusions drawn in this study are primarily valid in this region. 

But, as many forests in Europe, especially in Central Europe are similar to the ones we studied, 

the conclusions of this research are partly relevant and useful in a broader area as well. 

With the examination of the bryophyte and herbaceous layer, we endeavoured to answer the 

following questions: 

– In the study area, how are the two studied organism groups, i.e. bryophytes and herbs, 

related, in terms of species richness and abundance? 

– Which environmental background factors (tree species composition, stand structure, 

light conditions, available substrates, physical and chemical characteristics of the soil 

and litter, microclimatic conditions, landscape properties, past influence) determine the 

composition of the bryophyte and herbaceous layer (multivariate analysis)? 

– Which are the most important factors influencing the abundance and the species 

richness of these two communities (general linear modelling)? 
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– Can we detect differences between the environmental requirements of certain subgroups 

(bryophytes on various substrates, wood inhabiting herb species) of the analysed 

organism groups? 

– What could the explanation of these differences be? 

– Can we draw any general conclusions, which may be useful for management practices? 

Material and methods 

Data collection 

Our study was carried out in 35 forest stands of Őrség and Vendvidék, chosen by a stratified 

random sampling process. The sampling pool consisted of 70–100 year-old forests not directly 

influenced by water and standing on level ground, so the samples were comparable in the 

respect we wished to examine. Stratification was based on tree species composition. We 

included every important tree species combination into our samples. We distinguished between 

monodominant stands of the dominant tree species in the area (beech, oaks, scots pine), and the 

variously mixed stands of these. Sampling from the groups formed on the basis of tree species 

composition was random. Most of our sites are located at least 500 m from each other. All of 

our sampling sites are located in the protected area of the Őrség National Park. 

In all the stands, one 40 m × 40 m plot was selected, which was characteristic of the stand. 

Here, every tree individual above 5 cm diameter breast height (DBH) was mapped. Species 

identity, DBH, and height of every specimen was recorded. In the course of data analysis, the 

proportion of tree species was calculated based on volume, calculated by species specific 

equations, using DBH and tree height (Sopp and Kolozs 2000). Tree species diversity was 

calculated as Shannon diversity based on the relative volume of tree species. 

We mapped the snags and logs of the plots, estimated their volume, and in the analysis, 

included their volume as cubic meter per hectare. 

Saplings and shrubs below 5 cm DBH but above 0.5 m height (shrub layer) were counted, 

and their density per hectare was calculated. 

The inventory of forest herbs and bryophytes was carried out in quadrats of 30 m × 30 m, 

positioned in the centre of each tree plot. These were divided into 5 m × 5 m small quadrats. 

Absolute cover (dm2) for every species, and also the cover of deadwood and area of mineral 

soil was estimated. Canopy openness was estimated with a spherical densiometer, and relative 

diffuse light was measured with LAI-2000 Plant Canopy Analyzer instruments. 
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Surrounding land cover types were explored with the help of aerial photos, maps, and the 

forest stand database. Landscape history of the area was reconstructed based on the Second 

Military Survey of the Habsburg Empire from 1853. 

Litter and soil properties were measured in five 30 cm × 30 cm samples from each of the 

30 m × 30 m quadrats. To explore the microclimate, we measured air humidity and temperature 

in the centre of each 30 m × 30 m quadrat on eight occasions, during three vegetation periods. 

Data analysis 

Species composition was explored by ordination. The comprehensive structure of species 

and sampling sites was examined by Principal Component Analysis (PCA). To find the relevant 

background factors, we applied Redundancy Analysis (RDA). 

In order to assure normality, some of the dependent and background variables were log-

transformed. Only species with more than three occurrences were included in the analyses. 

For the RDA, explanatory variables were forward selected manually, and only significant 

(p<0,05) factors were included into the model. The explained variance and significance of the 

canonical axes were tested by Monte Carlo simulations. 

We found a strong relationship between the two organism groups examined in my study, so 

we also illustrated their connections via simple correlation analyses. 

To explore the background factors influencing the species richness and the cover of the 

examined groups, we used general linear models. Besides the entire communities, we also 

analysed subgroups: wood inhabiting herbs, and specialist and generalist bryophytes with 

various substrate preferences. The explanatory variables were forward selected manually for 

these models as well, and we also took into account intercorrelations between background 

factors. 
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Theses 

– In the study area, both the cover and the species richness of bryophytes and herbs are 

strongly, positively related. 

– Litter cover is a highly significant, negative factor for the cover of the entire bryophyte 

community as well as the examined subgroups. In the case of species richness, its 

significance is less pronounced. 

– Bryophyte community composition is significantly affected by the heterogeneity of 

canopy openness, the amount of diffuse light, and several stand structure characteristics: 

shrub density, proportion of coniferous trees, density of large trees. 

– Heterogeneous canopy openness is favourable for opportunistic, ground dwelling 

bryophytes. 

– The amount of light has a positive effect on specialist bryophytes growing on mineral 

soil. 

– Shrub density is significantly, positively correlated to total bryophyte cover and the 

cover of wood inhabiting species. 

– Total bryophyte species richness is positively influenced by tree species richness as well 

as some stand structure characteristics (variation coefficient of DBH, shrub density). 

– The composition, cover and species richness of the herbaceous layer is most 

prominently affected by light, tree species richness, landscape variety and the proportion 

of silt and clay in the soil. 

– In forest stands with similar abiotic site conditions, stand structure and composition are 

crucial for the composition of the herbaceous layer. 

– In the study area, the cover and species richness of wood inhabiting species and the 

entire community are both significantly, positively related. The factors influencing the 

entire community and the wood inhabiting species are not markedly distinguished. 
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Conclusions 

– In the study area, species richness and cover of the bryophyte and herb layer are strongly 

connected because of land use historical reasons. Besides, they probably also have direct 

positive effects on each other, and respond similarly to similar abiotic factors. 

– As leaf litter affected bryophyte cover much more strongly than bryophyte species 

richness, and as bryophyte cover and species richness are strongly, positively correlated 

in the area, we assume that litter is a general inhibitor for bryophyte growth, and all 

bryophyte species are similarly sensitive to its amount. 

– Although bryophytes are traditionally thought to be shade tolerant, the amount and 

heterogeneity of light significantly influence their community variables. From studying 

various species groups, it is also apparent that heterogeneous canopy openness favours 

opportunistic, ground dwelling bryophytes, meaning that this subgroup takes advantage 

of the dynamically changing light conditions of the forest. Specialist mineral soil 

inhabiting bryophytes present in the study prefer well-lit patches. 

– Heterogeneous stand structure and tree species richness are important for the entire 

bryophyte community. This is probably because of the great number of different 

microhabitats created by structurally diverse stands. 

– The shrub layer was positively related to several aspects of the bryophyte community. 

The reason for this may be the even microclimate and enhanced air humidity of a dense 

shrub layer, which is especially important for bryophyte species sensitive to water loss. 

– As wood inhabiting herbs were not markedly distinct from the entire community, and 

as light was a determining factor in every case, we conclude that our stands are so 

strongly closed that light is a limiting resource even for shade tolerant plants. 

– Diverse tree species composition probably supports a diverse, abundant herbaceous 

community by providing a high variety of microhabitats, and by producing mixed litter 

with dynamic nutrient cycling. 

– Diverse landscape, as a source of diverse propagules, may have a direct positive effect 

on forest herbs. It may also preserve the memory of a shared past, and thus be indirectly, 

positively related to present community composition. 

– The environmental needs of bryophytes and herbs, and even bryophyte subgroups show 

marked differences. However, tree species richness and diverse stand structure, and the 

heterogeneity of site conditions determined or strongly affected by the stand have 

significant positive effects on nearly every examined species group. 
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Practical aspects 

According to our results, in the forests of Őrség and Vendvidék, both the ground dwelling 

bryophyte community and the herbaceous understory are strongly related to the species 

composition and structure of the stand, and also to the light conditions, which are directly 

determined by the canopy. Besides the presence of admixing species and heterogeneous stand 

structure, the presence of a shrub layer is also favourable for the understory. On sites with more 

light and heterogeneous canopy openness, both the cover and the species richness of the 

understory are greater. 

The present state of the study area cannot be interpreted without considering historical land 

use practices. The presence of various dominant tree species and mixed stands, and thus, partly 

also the richness of the understory is a result of the various forest management methods applied 

in the past. According to our study, this richness can best be preserved in mixed, multi-aged 

stands with heterogeneous canopy openness and a relatively strong shrub layer. 
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