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Abstract: Dry oak forests have one of the richest understory vegetation in Europe, but the 26 

environmental drivers of this community are still scarcely revealed. In this study, we assessed 27 

whether the amount of light, soil pH or stand heterogeneity affect primarily the species 28 

composition of this community. We investigaed 332 sampling plots in 40-165 year old 29 

managed and abandoned Quercus cerris and Q. petraea dominated forests in North Hungary. 30 

Presence-absence data of herbaceous species and seedlings of woody species were recorded 31 
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in 28 subplots within each sampling plot. Stand structure, canopy openness and soil pH were 32 

also measured in each plot. The relationships between stand characteristics and the species 33 

assemblage were explored by redundancy analysis, while the individual responses of species 34 

and species groups were studied by generalized linear mixed models.  35 

Multivariate methods and individual species response analyses provided similar results, the 36 

amount of light and soil pH were equally important variables (both of them explained 2.8% of 37 

species variance), while stand heterogeneity had a bit lower, albeit still significant role in 38 

determining understory species composition (1.9% of species variance explained). Seedlings 39 

of woody species preferred shaded (half-shaded) conditions, while many herbaceous species 40 

were positively related to light. The effect of the three explanatory variables was hard to 41 

separate, since they influenced each other as well. Sessile oak seedlings and herbs typical to 42 

dry forests, forest edges, grasslands and acidic soil habitats preferred light rich habitats with 43 

homogeneous stand structure and low soil pH. Mesic forest herbs and seedlings of other 44 

woody species were related to relatively high soil pH, heterogeneous stand structure and 45 

closed canopy. These two understory types were clearly separated regading composition. 46 

This study emphasizes the importance of heterogenous light conditions and mosaic, diverse 47 

forest structure (presence of homogeneous and heterogeneous forest patches) during forest 48 

management for the maintenance of understory biodiversity. 49 

 50 

Abbreviations: DBH – Diameter at Breast Height; OPEN – canopy openness; SOIL – soil pH; SHI 51 

– Stand Heterogeneity Index. 52 

 53 

Nomenclature: Király (2009) 54 

 55 

Introduction 56 

 57 

The forests of Europe have faced considerable human impact for thousands of years (Johann 58 

et al. 2011). According to some estimates, only 0.2% of Central European deciduous forests 59 

remained in natural condition, thus species related to these forests became endangered 60 

(Hannah et al. 1995). Most of the remnant old-growth stands occur in the boreal and montane 61 

zone of Europe (Gilg 2004, Burrascano et al. 2013, Sabatini et al. 2018), there are very few 62 

natural reference stands from dry oak forests dominated by Turkey oak (Quercus cerris) and 63 
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sessile oak (Quercus petraea) (Saniga et al. 2014). Because of the lack of reference stands in 64 

natural condition, we know very little about the natural dynamics and structure of these 65 

stands, although dry oak forests are very important for nature conservation and economy as 66 

well. Most of the stands that can be used as the best natural reference for this forest type are 67 

abandoned managed stands, in which natural processes dominated for decades (Korpel 1995). 68 

Regarding vegetation, the understory is the layer that best preserves the original conditions, 69 

since this is not the target of forest management; ancient forest species and species with 70 

different strategies can be found here, and even the strongly modified landscape preserves 71 

the species adapted to the former conditions in small patches. 72 

Forest understory has a key role in the functioning of forest ecosystems (Augusto et al. 2003, 73 

Gilliam 2007, Whigham 2004). The high species richness of woodland herbs and seedlings of 74 

woody species (henceforth: seedlings) 1) contributes greatly to forest biodiversity (Gilliam 75 

2007, von Oheimb and Hardtle 2009, Whigham 2004, Yu and Sun 2013), 2) plays an important 76 

role in nutrient cycling and energy flow (Gazol and Ibánez 2009, Gilliam and Roberts 2003, 77 

Gilliam 2007, Thomas et al. 1999, von Oheimb and Hartle 2009), 3) provides habitat for macro- 78 

and mesofauna (von Oheimb and Hartle 2009), and 4) as a potential ecological indicator, it 79 

may indicate the sustainability of forest management (Collins et al. 1985, von Oheimb and 80 

Hartle 2009). In addition, the seedlings give the basis of forest regeneration and determine 81 

the future species composition of the forest. 82 

The amount of light reaching the understory is one of the most important environmental 83 

variables affecting herbs and seedlings; it determines cover, diversity and species composition 84 

of the understory layer (Hill 1979, Kirby 1988, Márialigeti et al. 2016, Slezák and Axmanová 85 

2016, Van Calster et al. 2008). The canopy openness is an excellent predictor of the 86 

composition and species richness of understory in temperate forests (Hofmeister et al. 2009, 87 

Tinya et al. 2009, von Oheimb and Hardtle 2009). Light is one of the most significant drivers 88 

that define the regeneration of several woody species – the establishment, survival and 89 

growth of seedlings (Diekmann et al. 1999, Emborg et al. 2000, Pontailler et al. 1997, Tinya et 90 

al. 2009). Several authors suggested that the regeneration problems of oaks experienced in 91 

many regions may be caused by the closed canopy, the lack of light generated mainly by forest 92 

management (McDonald et al. 2008, von Oheimb and Brunet 2007).  93 

Soil characteristics form the other group of abiotic variables that significantly affect the 94 

species richness and composition of the understory (Augusto et al. 2003, Bergès et al. 2006, 95 
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Hofmeister et al. 2009, Roberts and Gilliam 1995). Soil pH is one of the most important 96 

characteristics, which is strongly related to nutrient conditions (Brosofske et al. 2001, Brunet 97 

et al. 1996, Lalanne et al. 2010, Slezák and Axmanová 2016). In many cases, species 98 

composition of herbs is used as indicator of soil acidity (Becker 1988, Brêthes 1989, Ellenberg 99 

et al. 1992). Often, species richness of the understory is positively related to soil pH in oak 100 

dominated forests (Hofmeister et al. 2009). 101 

In forest ecosystems, stand structure considerably determines the occurrence of herbs and 102 

seedlings (Márialigeti et al. 2016, Tobisch and Standovár 2005). In managed forests, the 103 

structure and species composition of the overstory can differ significantly from the natural 104 

state (Kenderes and Standovár 2003, van Calster et al. 2008). Forest herbs adapted to special 105 

habitat conditions such as heterogeneous stand structure (regarding species composition, age 106 

and size distribution of trees); large amount of dead wood; presence of large, old trees; root 107 

plates (Whigham 2004). Most of these structural elements are missing or underrepresented 108 

in European temperate forests due to the current practices of forest management (Bengtsson 109 

et al. 2000, Peterken 1996). A heterogeneous stand structure creates environmental 110 

heterogeneity, which allows the coexistence of species with different ecological requirements. 111 

Species richness of the overstory is also an important stand characteristic, it has significant 112 

impact on the cover, richness and composition of the herbaceous layer (Gazol and Ibánez 113 

2009, Márialigeti et al. 2016, van Calster et al. 2008). 114 

Although it is widely accepted that these three stand characteristics are among the most 115 

important variables that define the species composition of the understory, we know very little 116 

about their relative significance in dry oak forests.  117 

In Central-Europe, there is a long tradition of characterizing species based on their preference 118 

to different environmental conditions. These indicator values are widely used for 119 

environmental characterization of communities, especially for detecting temporal changes of 120 

vegetation (Diekmann 2003, Schaffers and Sykora 2000). These ordinal (or nominal) scale 121 

values are based on the field experience of phytosociologists (Borhidi 1995, Chytrý and Tichý 122 

2003, Ellenberg et al. 1992, Landolt 1977, Zólyomi et al. 1967), there are very few direct 123 

environmental measurements behind this classification (Szujkó-Lacza and Fekete 1971). In this 124 

study, we revealed relationships between species and environmental variables by statistical 125 

methods. 126 
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The aim of the study was to explore the effect of light, soil pH and structural heterogeneity on 127 

the species composition of the understory, as well as on the frequency of individual species. 128 

Our hypotheses are as follows: 129 

1) In oak-dominated, light rich forests the amount of light is less limited, hereby soil pH has 130 

higher importance in determining species composition; 131 

2) Since the presence of arboreal species is directly affected by stand structure via propagules, 132 

stand structure is more important for seedlings, while in case of herbaceous species, where 133 

the amount of light and soil pH are more influential, stand structure has only an indirect effect. 134 

 135 

Material and methods 136 

 137 

Study area 138 

 139 

The study was carried out in 40-165 year old Pannonian-Balkanic Turkey oak-sessile oak 140 

forests (91M0, Council 1992) in the North Hungarian Mountains (N 47°49’ — 48°10’, E 18°47’ 141 

— 20°42’, Fig. 1). The designated sites are managed and abandoned dry oak dominated stands 142 

in the Pilis, Börzsöny, Mátra and Bükk mountains, between 250 and 700 m a.s.l., at various 143 

aspects. The climate is continental with a mean annual precipitation of 580-700 mm (Mersich 144 

et al. 2002) and average monthly temperature of -4.6 — -1.9 ⁰C in January and 16.6 — 20.1⁰C 145 

in July (Mersich et al. 2002). The bedrock is mainly volcanic (andesite and andesite tufa), 146 

limestone, sandstone, shale and loess. The main soil types are leptosols and cambisols 147 

(Krasilnikov et al. 2009), with various soil depth. Besides deforestation, coppicing was the 148 

general management in oak dominated forests from the medieval times to the 19th century, 149 

completed with grazing, masting and firewood collecting (Járási 1997, Johann et al. 2011, 150 

Magyar 1993, Szabó 2005). From the 19th century these coppices and forested meadows were 151 

converted to high forests, by applying a uniform shelterwood silvicultural system with an 80-152 

90 year rotation period (Matthews 1991). In the studied stands, dominant tree species are 153 

sessile oak (Quercus petraea) and Turkey oak (Q. cerris), the most important subordinate tree 154 

species are Acer campestre, Fraxinus excelsior and Sorbus torminalis, while the main shrub 155 

species are Cornus mas, Crataegus monogyna, Ligustrum vulgare, Prunus spinosa and Rosa 156 

canina.  157 

 158 
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Data collection 159 

 160 

In this study, we used 332 sampling plots, representing 98 forest stands, as selected from the 161 

Database of Hungarian Forest Stands (NÉBIH 2018) using stratified random sampling. Dry oak 162 

forest stands were chosen based on the database, where the combined cover of Turkey and 163 

sessile oak was at least 80% and the overstory was older than 40 yr. After reconnaissance, we 164 

selected 98 stands by the following criteria: young (40-80 yr), mature (80-120 yr) and 165 

abandoned (older than 120 yr) age categories and the three mountain ranges – Pilis and 166 

Börzsöny, Mátra, Bükk – should be represented with similar stand number (Appendix A). This 167 

balanced design was not possible for abandoned stands because of their limited number in 168 

most sites, while they were overrepresented in the Bükk Mts. Sampling plots were assigned 169 

randomly within the forest stands, situated at least 40 m from roads and from each other. In 170 

most cases the abandoned forest stands had an aggregated spatial distribution. Because of 171 

their rarity, we had to assign 2-35 sampling plots in each abandoned stand, depending on its 172 

size, while in managed forests we established 1-4 plots per stand. 173 

Sample plots were represented by their center points. The measured variables were sampled 174 

by different methods (line, relascope, circular plot based sampling), however, all of them were 175 

referenced to the plot center. 176 

The vegetation survey was carried out once, between 2009 and 2012. The understory was 177 

studied from June to August applying systematic sampling design. At each circular sampling 178 

plot (r=8.92 m, 250 m2) we assigned 28 subplots 0.5 m2 in size – along three concentric circles 179 

(r = 2, 5 and 8 m respectively) – where the species list of herbs (non-arboreal vascular plants) 180 

and seedlings (arboreal species under 50 cm height) was recorded (Fig. 2), thereby we 181 

obtained local frequency data at the plot level ranging from 0 to 28 for all species.  182 

In order to describe the main biotic and abiotic characteristics of the forest stands, we used 183 

three variables: soil pH, canopy openness and stand heterogeneity (McElhinny et al. 2006, 184 

Sabatini et al. 2015). In case of stand structure, we used a combined sampling method: trees 185 

between 5-25 cm diameter at breast high (DBH) were surveyed in the plot, while in the case 186 

of larger trees a point relascope sampling (Bitterlich sampling) with basal area factor 2 was 187 

used to identify trees added to the sample (Avery and Burkhart 2001, Bitterlich 1948, Kramer 188 

and Akça 2008, Kuusela 1966). In case of logs, we used line-intercept method with 16 m long 189 

lines starting from the center to 0⁰, 120⁰ and 240⁰ directions (Ståhl et al. 2001, van Wagner 190 
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1968, Warren and Olsen 1964). For standing trees (including standing dead trees) we recorded 191 

species identity, DBH and crown position (dominant, codominant, intermediate, suppressed). 192 

For lying dead trees diameter and decay stage (using 5 categories) were recorded at the 193 

intersection of the sampling lines (Maser et al. 1979, Spetich et al. 1999). At each sampling 194 

plot, we measured the height of 1-3 dominant and 1-3 suppressed trees using Haglöf Vertex 195 

III height and distance meter (Haglöf Sweden AB 2005) and based on the measured data we 196 

estimated the height of all trees. The height of other individuals was either directly measured 197 

or estimated on the basis of tree crown positions. We measured the canopy openness by 198 

spherical densiometer at four points, 5.6 m from the center of the plot to north, east, south 199 

and west, facing to the cardinal directions (Lemmon 1956, Fig. 2). The individual 200 

measurements within a plot were averaged. 201 

Soil samples were taken at three random points within each plot, where we excavated 500 202 

cm3 soil from 5 cm x 10 cm area, 10 cm depth. These individual samples were mixed and 203 

analyzed together. Soil pH was measured potentiometrically in the supernatant suspension. 204 

10 g air-dried and sieved (< 2 mm) soil sample was weighted into glass beaker and then 25 205 

cm3 boiled distilled water was added. We stirred the suspension for one minute, let it stand 206 

for 12 hours, and then measured the pH of the suspension with the pH meter (Bellér 1997). 207 

 208 

Data analysis 209 

 210 

Stand Heterogeneity Index (SHI) was created using seven stand characteristics (living volume, 211 

number of large trees, DBH diversity, dead wood decay diversity, tree species richness, 212 

standing dead wood volume, total dead wood volume (Appendix B), following Sabatini et al. 213 

(2015). The volume of individual trees was calculated by specific equations from DBH and tree 214 

height (Sopp and Kolozs 2000). Stand structure variables of each plot were generated by the 215 

combination of the data gathered with the help of circular plot based (cp) and relascope (r) 216 

methods. All data were standardized to one hectare area. Stem number (N), basal-area (G) 217 

and volume of trees (V) were calculated according to the following formulae: 218 

N(cp)=n/A*10 000  219 

N(r)= ∑k/gj  220 

G(cp)= ∑Ni*(DBHi/2)2*Π 221 

G(r)=mk 222 
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V(cp) =∑NiVi  223 

V(r)= ∑NjVj 224 

(n – stem number sampled by circular plot based method; m – stem number sampled by 225 

relascope method; A – area of the plot (250 m2); k – basal area factor; g – basal-area of an 226 

individual tree; i – individual tree sampled by circular plot based method; j – individual tree 227 

sampled by relascope method). 228 

In case of logs, we used van Wagner’s (1968) formula: V=π2*∑d2/8L (V - volume per unit area, 229 

d - diameter at intersection, L -length of sample line). We applied the Gini-Simpson diversity 230 

(evenness) index using 5 cm size categories for DBH diversity, and the five decay stage 231 

categories for dead wood decay stage diversity. Species richness means, as usual, the number 232 

of tree species in the sampling plot.  233 

In case of four variables – living volume, number of large living trees, DBH diversity and dead 234 

wood diversity – we used unprocessed data, in case of tree species richness and standing dead 235 

wood volume we used logarithmic transformation, and square root transformation for total 236 

dead wood volume. During the calculation of the SHI the original values of the seven variables 237 

were converted to ranks between 0 and 10. In the first step, we determined the midpoints of 238 

quartiles (12.5%, 37.5%, 62.5%, 87.5%) of stand variables and assigned them the values of 2.5, 239 

5, 7.5 and 10. Linear regression was fitted through quartiles and new scores were assigned to 240 

the observations using the regression equation. In order to avoid the distorting effect of 241 

outliers, the maximum assigned value was 10, thereby we got variables with even distribution 242 

between 0-10. (Appendix C). The scores of the seven variables were added, the total was 243 

divided by 70 and expressed as percentage. 244 

Herbaceous species and seedlings were analyzed together, rare species – that occurred in less 245 

than 10% of sample plots – were eliminated from the analyses. The effect of the three 246 

variables (canopy openness – OPEN, soil pH – SOIL, stand heterogeneity index – SHI, Appendix 247 

D) on the understory species composition was explored by redundancy analysis (RDA), using 248 

mountain ranges as covariables (Ter Braak and Smilauer 2002). The pairwise correlations 249 

between the three explanatory variables were -0.23 for OPEN  SOIL, -0.12 for OPEN  SHI 250 

and 0.35 for SHI  SOIL. The explanatory variables were tested in separate RDA models, using 251 

a single canonical axis, which was tested by F statistics via Monte Carlo simulation (Borcard et 252 

al. 2011). The gradient length (species turnover) was determined by detrended 253 

correspondence analysis, and principal component analysis was used to compare the 254 
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explained variance of unconstrained axes with the canonical axes of RDA (Borcard et al. 2011). 255 

Variation partitioning was used to reveal the individual and shared variance of OPEN, SOIL and 256 

SHI. The response (local frequency values) of individual species to the three explanatory 257 

variables was studied by general linear mixed regression models (GLMM, Zuur et al. 2009). All 258 

three explanatory variables were analyzed separately, both their linear and quadratic 259 

components were tested, while mountain ranges were used as a random factor in the models. 260 

The normality and the constancy of the residual error variance were checked by diagnostic 261 

plots. 262 

Abbreviations of species names comprise the first four letters of the genus and the first three 263 

letters of the species names (App. E). Computations were carried out with R 3.1.2 (R Core 264 

Team 2017) using packages lattice (Sarkar 2008), permute (Simpson 2016) vegan (Oksanen et 265 

al. 2016) and nlme (Pinheiro et al. 2011). 266 

 267 

Results 268 

 269 

Response of the community 270 

 271 

The gradient length of detrended correspondence analysis was 3.06 standard deviation unit. 272 

The explained variances of the first and second axes of the principal component analysis were 273 

16.7% and 8.8%, respectively. In the redundancy analysis OPEN explained 2.8% (F = 10.6, p < 274 

0.001), SOIL also 2.8% (F = 10.5, p < 0.001) and SHI 1.9% (F = 7.3, p < 0.001) of the species 275 

variance. In the variation partitioning the explained variance was 1.6% for OPEN, 1.8% for 276 

SOIL, 1.7% for SHI, while the shared variance was 2.2% (OPEN – SOIL: 0.6%, SOIL – SHI: 1.3%, 277 

SHI – OPEN 0.0%, OPEN – SOIL – SHI: 0.3%). 278 

Almost the same species were related strongly to all the three variables, on the basis of their 279 

combined responses two groups of species can be recognized (Fig. 3). Species of the first one 280 

were related negatively with canopy openness and positively with soil pH and stand 281 

heterogeneity (e.g., Acer campestre, Fraxinus excelsior, Melica uniflora, Galium odoratum, 282 

Viola odorata, Viola reichenbachiana). The other group contains species positively related to 283 

canopy openness and negatively with soil pH and stand heterogeneity (e.g., Hieracium 284 

racemosum, Luzula luzuloides, Poa nemoralis, Quercus petraea, Veronica chamaedrys, Vicia 285 

cassubica). 286 
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 287 

Response of seedling species 288 

 289 

Eleven of the 19 studied arboreal species showed significant relationship with canopy 290 

openness, 11 also with soil pH and 6 with stand heterogeneity (Table 1). Only Rosa canina 291 

seedlings preferred open habitats (Fig. 4), other light demanding arboreal species (Q. petraea, 292 

Fig. 4; L. vulgare) showed just unimodal response to canopy openness. Seedlings of F. excelsior 293 

(one of the most important subordinate tree species, Fig. 4) and three additional arboreal 294 

species preferred stands with more closed canopy. Concerning the response to soil pH, Q. 295 

petraea was the only arboreal species that occurred on more acidic soils (Fig. 5), while the two 296 

most frequent subordinate tree species (A. campestre and F. excelsior, Fig. 5) and most of the 297 

shrub species correlated positively with soil pH. Acer platanoides, Cerasus avium, P. spinosa 298 

and R. canina (Fig. 5) showed unimodal response to soil acidity. In reference to stand structural 299 

heterogeneity, only Q. petraea (Fig. 6) seedlings occurred more frequently in structurally 300 

homogeneous stands. Seedlings of A. campestre, A. platanoides, and R. canina (Fig. 6) 301 

preferred heterogeneous, while F. excelsior (Fig. 6) and P. spinosa moderately heterogeneous 302 

stands. None of the explanatory variables had significant effect on the occurrence of Acer 303 

tataricum, Carpinus betulus, Fraxinus ornus, Malus sylvestris, Pyrus pyraster and Quercus 304 

cerris seedlings. 305 

 306 

Response of herbaceous species 307 

 308 

We studied the response of 79 herbaceous species to the three variables (Table 2). Canopy 309 

openness affected significantly the occurrence of 49 of them, for 29 species openness was the 310 

most important explanatory variable. More than the half of these species occurred at open 311 

plots, 35% showed unimodal response to openness (Poa nemoralis, Hieracium lachenalii, Fig. 312 

4) and only six of them preferred stands with closed canopy. Soil pH was a significant site 313 

characteristic for 39 species, and the most influential for 17 of them. The number of species 314 

belonging to the three response types was more or less balanced (Fig. 5). The occurrence of 315 

31 species was significantly influenced by SHI, in case of 15 herbs SHI was the primary variable. 316 

More than 50% of these species preferred habitats with heterogeneous stand structure (like 317 

Melica uniflora Fig. 6), one third showed negative response (Hieracium lachenalii, Poa 318 
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nemoralis, Fig. 6) while only 5 species belonged to the unimodal group. In case of 18 319 

herbaceous species, none of the explanatory variables had significant effect. 320 

 321 

Discussion 322 

 323 

Importance of the three variables 324 

 325 

Our first hypothesis – that soil pH is more important stand characteristic in determining 326 

species composition than canopy openness in light rich oak dominated forests – proved to be 327 

false: the two predictors had similar importance. Based on redundancy analysis, canopy 328 

openness and soil pH are more influential in determining the species composition of the 329 

understory, than stand heterogeneity. The amount of light and soil acidity have direct impact 330 

on the community, several species reach their tolerance limits along these variables. In turn, 331 

stand heterogeneity exerts indirect effects through the abiotic variables (light, soil pH, litter 332 

characteristics, microclimate, etc.), therefore this weaker relationship is understandable. 333 

According to the species level models, among the three studied stand characteristics the 334 

amount of light was the most determinant variable, followed by soil pH, and SHI had the 335 

lowest importance (49 species showed significant relationship with canopy openness, 39 with 336 

soil pH and 31 with stand heterogeneity).  337 

There are few studies where the importance of soil pH, light and stand structure is comparable 338 

in determining species composition. The results of previous studies in mesic forests are 339 

various. Bataineh et al. (2013) found that the species composition of the regeneration stage 340 

was determined mainly by biotic factors such as the characteristics of the overstory and herb 341 

layer. Based on Márialigeti et al. (2016), the composition of the understory was influenced 342 

mainly by light conditions and tree species richness, while Tyler (1989) found soil pH as the 343 

most important variable in determining understory species composition. In case of dryer 344 

forests, the results are more uniform; soil pH seems to be the most significant stand 345 

characteristic that shapes species composition of herbs and seedlings. Brunet et al. (1997) 346 

attributed the primary importance of soil pH against the changed light conditions to forest 347 

management in dry oak forests in Sweden. Soil pH was three times more important in affecting 348 

species composition than canopy openness in Slovakian dry oak forests (Slezák and Axmanová 349 

2016). At the local scale in a Hungarian oak dominated forest, humus content was the most 350 
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determinant driver for the cover of many herbs (Szujkó-Lacza and Fekete 1971). Although the 351 

few studies of dry oak forests confirm our hypothesis, according to our results the role of light 352 

is considerable in dry forests as well. Moreover, while in mesic forests shade-tolerant herbs 353 

dominate the understory, in dry oak forests, species with various light requirements can settle 354 

and survive. In more open patches herb species typical to forest edges and grasslands occur, 355 

while in closed parts shade-tolerant species can be found as well. Thus, it seems reasonable 356 

that in addition to soil pH, canopy openness also has a significant effect on species 357 

composition.  358 

 359 

Impact of the variables on seedling species  360 

 361 

The second hypothesis suggesting that stand heterogeneity is more important for seedling 362 

species than for herbs has not been proven either. Stand heterogeneity was the least 363 

important among the three variables. 364 

According to our results, seedling species – almost without exception – avoided open areas 365 

with acidic soil. Although, in general, the species richness of the understory increases with 366 

increasing light availability (Hofmeister et al. 2009, Tinya et al. 2009) and soil pH (Hofmeister 367 

et al. 2009), this phenomenon changes if seedling and herbaceous species are studied 368 

separately. Brosofske et al. (2001), Hofmeister et al. (2009) and Naveh and Whittaker (1979) 369 

published similar results: higher amounts of arboreal seedlings were found in forest stands 370 

with closed canopy. Von Oheimb and Hardtle (2009) revealed that forest management had no 371 

impact on seedling species diversity, so stand heterogeneity – in this regard – was not 372 

essential. We obtained different results: almost half of the seedlings reacted to SHI, therefore 373 

in case of some species, it can be considered as an important variable. 374 

Sessile oak seedlings showed individual response to the studied variables, which was different 375 

from other seedlings. This species preferred moderately open areas with homogeneous stand 376 

structure and acidic soil. The relatively high light requirement needed for oak regeneration is 377 

widely known (McDonald et al. 2008, Tinya et al. 2009, von Oheimb and Brunet 2007). Several 378 

authors note that oak forests were more open habitats earlier, and they suggest that the 379 

reduced amount of light reaching the understory can cause the experienced oak regeneration 380 

problems (McDonald et al. 2008, von Oheimb and Brunet 2007). Arno et al. (2012) also report 381 

that sessile oak prefers acidic soil. Ritter et al. (2003) emphasize that litter of oak species 382 
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acidifies the soil during decomposition, while De Schrijver et al. (2011) observed that soil pH 383 

of oak forests is lower than in stands dominated by several other tree species. In addition, it 384 

is conceivable that low soil pH decreases competition against seedlings of other species. The 385 

preference of homogeneous stands can be partly explained by soil pH: sessile oak prefers 386 

acidic soil, while other arboreal species avoid these stands, therefore Q. petraea seedlings 387 

occur in structurally more homogeneous forests. On the other hand, propagule source is very 388 

important for Q. petraea regeneration, it can produce notable amount of seedlings only in 389 

sessile oak dominated stands (Ádám et al. 2013, McDonald et al. 2008). 390 

Less information is available about the habitat requirements of Q. cerris. In our study, none of 391 

the variables had significant effect on the occurrence of Turkey oak seedlings. Compared to 392 

sessile oak, the regeneration of Turkey oak is less problematic in Hungary, because of its more 393 

frequent seed production and wider tolerance of the seedlings (Danszky 1972). 394 

The most important subordinate tree species – A. campestre and F. excelsior – preferred more 395 

neutral soil pH, and moderately closed, heterogeneous stands. Some authors also described 396 

similar behavior of these species (Graae and Heskjær 1997, Lalanne et al. 2010, Naqinezhad 397 

et al. 2013). The shade tolerance of F. ecxelsior was supported by the study of von Oheimb 398 

and Brunet (2007) as well. Both species preferred at least moderately heterogeneous stands, 399 

which is in accordance with our previous study (Ádám et al. 2013). According to our former 400 

results the admixing ratio was the most important stand characteristic for these species, that 401 

refers to the significance of the proportion of F. excelsior and A. campestre in the overstory, 402 

in other words, the importance of propagule source (Ádám et al. 2013). Von Oheimb and 403 

Hardtle (2009) noted the preference of unmanaged forests in case of A. campestre, which is 404 

also in accordance with stand heterogeneity. 405 

In case of shrub species, some general behavioral patterns can be observed. Every species 406 

avoided acidic soil, the two forest edge species (P. spinosa, R. canina) showed unimodal 407 

response to soil pH, whereas the typical forest species (C. mas, C. laevigata, E. verrucosus, L. 408 

vulgare) occurred in stands with high soil pH, which is more or less in accordance with 409 

published results (Brunet et al. 1996, Lalanne et al. 2010, Naqinezhad et al. 2013, Slezák and 410 

Axmanová 2016). Canopy openness also had significant impact on almost all shrub species. In 411 

general, they preferred closed stands, except for R. canina; even species typical of open 412 

habitats and forest edges showed unimodal response. Although less information is available 413 

about these species, the negative response of C. monogyna and L. vulgare to canopy openness 414 
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was observed by Brunet et al. (1996), Slezák and Axmanová (2016) and Tinya et al. (2009), 415 

while the lack of response of P. spinosa seedlings was revealed by Tinya et al. (2009) as well. 416 

Márialigeti et al. (2016) also found positive relationship with light in case of R. canina 417 

seedlings. Stand heterogeneity had significant effect on the fewest shrub species, all of which 418 

avoided homogeneous forest stands. 419 

 420 

Impact of the variables on herbaceous species 421 

According to the second hypothesis, in case of herbaceous species canopy openness and soil 422 

pH were more important than stand heterogeneity. Interestingly, SHI plays a more significant 423 

role for herbs than seedlings. 424 

Herbaceous species showed various responses to the studied stand characteristics, however, 425 

some response combinations were completely missing. None of the studied 79 herb species 426 

preferred acidic soil with heterogeneous stand structure or with closed canopy, and they 427 

avoided homogeneous stands with relatively neutral soil. It is conceivable that these habitat 428 

types do not exist under natural circumstances of this forest type. Most of the arboreal species 429 

avoid stands with low soil pH, thus subordinate tree species and the second canopy layer are 430 

missing; the soil is poor in nutrients (Ponge et al. 1997). Accordingly, the growth of trees is 431 

slower, consequently even old forests in natural condition have relatively homogeneous stand 432 

structure. In contrast, several arboreal species prefer high soil pH, trees and shrubs grow 433 

faster; in natural state these forests have therefore multi-layered overstory comprised of 434 

several species and trees of various size. In these forests, homogeneous structure is created 435 

by forest management. Furthermore, the almost complete lack of herbs preferring closed 436 

canopy is conspicuous, it can be partly caused by stronger competition with seedlings in these 437 

shaded stands. Despite their small density, these species show a uniform behavoiur: 438 

Buglossoides purpurocaerulea, Campanula rapunculoides, Clematis vitalba, Melica uniflora 439 

and Scutellaria altissima also preferred closed, heterogeneous stands with higher soil pH. In 440 

case of these species, closely unimodal light response would be expected (except Melica 441 

uniflora), while their soil reaction values are in accordance with our results.  442 

Considering the half-shaded areas, in homogeneous stands with acidic soil and sessile oak 443 

dominance in the overstory the typical herbaceous species are Carex digitata, Luzula 444 

luzuloides, Poa nemoralis and Veronica chamaedrys. Their light requirement indicator values 445 

are more or less in accordance with our measurement results (although Carex digitata and 446 
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Luzula luzuloides are known as shade-tolerant species). Soil reaction indicator values are less 447 

consistent with our data; according to the indicator values Poa nemoralis is neutral, while 448 

Veronica chamaedrys is a basifrequent species.  449 

The majority of the species showed positive relationship to light. Herbs typical to open stands 450 

with acidic soil are Cardaminopsis arenosa, Genista tinctoria, Hypericum perforatum, Poa 451 

angustifolia, Silene nutans, Trifolium medium and Vicia cassubica. According to the indicator 452 

values, it was expected that Cardaminopsis arenosa, Silene nutans, Trifolium medium and Vicia 453 

cassubica show a unimodal response, but all of them preferred these light rich areas. Except 454 

Genista tinctoria, all these species are known as neutral regarding soil reaction, however, 455 

based on our models they are rather acidofrequent species. Clinopodium vulgare, Dactylis 456 

polygama, Fragaria vesca, Tanacetum corymbosum and Vincetoxicum hirundinaria preferred 457 

moderately high soil pH and opened canopy. The soil reaction values of this group are mostly 458 

in accordance with our measurements (Clinopodium vulgare and Vincetoxicum hirundinaria 459 

are known as rather basifrequent species). All members of this group are half shadow herbs 460 

based on their light requirement values. In contrast, they preferred light rich stands.  461 

As to the assessment of light indicator values, it should be noted that our study was carried 462 

out in shaded forest habitats. Therefore, it is understandable that for the light demanding 463 

species canopy openness was the most limiting factor and half-shadow species often showed 464 

strong light preference. Since the estimation of soil preference of herbs is quite difficult based 465 

on field observations, it is not surprising that our result differed from the soil reaction indicator 466 

values in several cases.  467 

 468 

Two types of dry oak forest understories 469 

 470 

Although the community-level responses of species were similar to the results of individual 471 

models, the latter can help to get a more complete picture of oak forest understory 472 

organization. According to our results based on the species composition of the understory, 473 

two types of dry oak forests can be distinguished. The basis of the separation is soil pH, which 474 

largely determines stand heterogeneity, and through this, the amount of light reaching the 475 

understory. In stands with low soil pH, Q. petraea dominates the overstory, shrub and 476 

subordinate tree species are almost completely absent, the second canopy layer is missing 477 

and the shrub layer is undeveloped. On acidic and nutrient poor soil, the trees stand farther 478 



16 
 

apart and grow slowly. In these stands, more light reaches the understory due to the 479 

homogeneous stand structure, the one-layered overstory and the sparsely standing trees. 480 

These conditions are favorable for sessile oak seedlings and herb species of dry, open, acidic 481 

forests. Most of the shrub and tree species prefer more neutral soil conditions. Under natural 482 

circumstances, these stands are characterized by dense shrub layer, multi-layered overstory 483 

and faster growth of the trees, which result in heterogeneous stand structure in terms of 484 

species composition, stem size and vertical layers as well. Due to the densely standing trees 485 

and the multiple canopy layer, less light reaches the understory which is dominated by 486 

seedlings and mesic forest herbs. Under natural conditions, fine scaled disturbance creates 487 

small canopy gaps. In these temporarily opened patches, light-demanding species preferring 488 

neutral soil conditions can establish. Naturally, the two types of dry oak forests are not clearly 489 

separated from each other; several transitional forms occur between the two extreme cases.  490 

 491 

Conclusions 492 

Multivariate analysis revealed that the amount of light and soil acidity are equally important 493 

in determining the species composition in Turkey oak – sessile oak forests. The individual 494 

models gave a more detailed and complex picture of the species’ behavior and the 495 

organization of dry oak forests. In the case of species models, canopy openness was the most 496 

important stand characteristic, while soil pH was only the second. On the basis of both 497 

analyses, SHI has a bit lower, but still significant impact on the understory. However, the 498 

impact of the three stand characteristics cannot be separated; they affect each other and form 499 

the structure and species composition of the forest together. On acidic soil homogeneous, 500 

light rich habitat develops, where species typical of dry forests, forest edges, grasslands and 501 

acidic soil habitats can survive and establish. Most of the seedling species and mesic forest 502 

herbs prefer neutral soil, heterogeneous stand structure and closed canopy. In order to 503 

preserve the dry oak forest communities, light rich, sessile oak dominated stands with sparsely 504 

standing trees and heterogeneous, species-rich patches with developed shrub layer have to 505 

be created and maintained. 506 

 507 

Acknowledgements 508 

 509 



17 
 

The study was supported by the National Research, Development and Innovation Office of 510 

Hungary (OTKA 105896, GINOP 2.3.2-15-2016-00019). Many thanks are due to K. Bereczki, G. 511 

Boros, F. Horváth, A. Kovács-Hostyánszki, K. Mázsa, G. Szabó and Z. Zimmermann for their 512 

assistance in the field work. 513 

 514 

References 515 

Ádám, R., P. Ódor and J. Bölöni. 2013. The effects of stand characteristics on the understory 516 

vegetation in Quercus petraea and Q. cerris dominated forests. Community Ecol. 14:101-517 

109. 518 

Arno T., L. De Keersmaeker, H. Van Calster, A. De Schrijver, K. Vandekerkhove, G. Verstraeten 519 

and K. Verheyen. 2012. Diverging effects of two contrasting tree species on soil and herb 520 

layer development in a chronosequence of post-agricultural forest. Forest Ecol. Manag. 521 

278:90-100. 522 

Augusto, L., J.L. Dupouey and J. Ranger. 2003. Effects of tree species on understory vegetation 523 

and environmental conditions in temperate forests. Ann. For. Sci. 60:823-831. 524 

Avery, T.E. and H.E. Burkhart. 2001. Forest Measurement. 5th edition, McGraw-Hill Education, 525 

Long Grove, US. 526 

Bataineh, M., L. Kenefic, A. Weiskittel, R. Wagner and J. Brissette. 2013. Influence of partial 527 

harvesting and site factors on the abundance and composition of natural regeneration in 528 

the Acadian Forest of Maine, USA. Forest Ecol. Manag. 306:96-106. 529 

Becker, M. 1988. Démarche méthodologique préconisée pour la typologie des stations 530 

forestières. In: Gehu, J. (ed.), Phytosociologie et foresterie. Cramer, Stuttgart, Berlin, pp. 531 

299-311. 532 

Bellér, P. 1997. Talajvizsgálati módszerek [Methods of soil analysis]. Egyetemi jegyzet, Soproni 533 

Egyetem, Sopron. 534 

Bengtsson, J., S.G. Nilsson, A. Franc and P. Menozzi. 2000. Biodiversity, disturbances, 535 

ecosystem function and management of European forests. Forest Ecol. Manag. 132:39-50. 536 

Bergès, L., J.-C. Gégout and A. Franc. 2006. Can understory vegetation accurately predict site 537 

index? A comparative study using floristic and abiotic indices in sessile oak (Quercus 538 

petraea Liebl.) stands in northern France. Ann. For. Sci. 63:31-42. 539 

Bitterlich, W. 1948. Die Winkelzählprobe. Allg. Forst. und Holzwirtsch. Zeitung 59:4-5. 540 

Borcard, D., F. Gillet and P. Legendre. 2011. Numerical Ecology with R. Springer, New York. 541 



18 
 

Borhidi, A. 1995. Social behaviour types, the naturalness and relative ecological indicator 542 

values of the higher plants in the Hungarian flora. Acta Bot. Hung. 39:97-181. 543 

Bowen, M.E., C.A. McAlpine, A.P.N. House and G.C. Smith. 2007. Regrowth forests on 544 

abandoned agricultural land: a review of their habitat values for recovering forest fauna. 545 

Biol. Conserv. 140:273-296. 546 

Brêthes, A. 1989. La typologie des stations forestières. Recommandations méthodologiques. 547 

Rev. For. Fr. 41:7-27. 548 

Brosofske, K.D., J. Chen and T.R. Crow. 2001. Understory vegetation and site factors: 549 

implications for a managed Wisconsin landscape. Forest Ecol. Manag. 146:75-87. 550 

Brunet, J., U. Falkengren-Grerup and G. Tyler. 1996. Herb layer vegetation of south Swedish 551 

beech and oak forests – effects of management and soil acidity during one decade. Forest 552 

Ecol. Manag. 88:259-272. 553 

Brunet, J., U. Falkengren-Grerup, A. Rühling and G. Tyler. 1997. Regional differences in floristic 554 

change in South Swedish oak forests as related to soil chemistry and land use. J. Veg. Sci. 555 

8:329-336. 556 

Burrascano, S., W.S. Keeton, F.M. Sabatini and C. Blasi. 2013. Commonality and variability in 557 

the structural attributes of moist temperate old-growth forests: A global review. Forest 558 

Ecol. Manag. 291:458-479. 559 

Chytrý, M. and L. Tichý. 2003. Diagnostic, Constant and Dominant Species of Vegetation 560 

Classes and Alliances of the Czech Republic: A Statistical Revision. Masaryk University, Brno. 561 

Collins, B.S., K.P. Dunne and S.T.A. Pickett. 1985. Responses of forest herbs to canopy gaps. In: 562 

Pickett, S.T.A. and P.S. White (eds.), The Ecology of Natural Disturbance and Patch 563 

Dynamics. Academic Press, London, pp. 218-234. 564 

Danszky, I. (ed.). 1972. Erdőműveléstan I. [Forest management]. Mezőgazdasági Kiadó, 565 

Budapest. 566 

De Schrijver, A., P. De Frenne, J. Staelens, G. Verstraeten, B. Muys, L. Vesterdal, K. Wuyts, L. 567 

Van Nevel, S. Schelfhout, S. De Neve and K. Verheyen. 2011. Tree species traits cause 568 

divergence in soil acidification during four decades of post agricultural forest development. 569 

Glob. Change Biol. 18:1127-1140. 570 

Diekmann, M., J. Brunet, A. Ruhling and U. Falkengren-Grerup. 1999. Effects of nitrogen 571 

deposition: Results of a temporal-spatial analysis of deciduous forests in South Sweden. 572 

Plant Biol. 1(4):471-481. 573 



19 
 

Diekmann, M. 2003. Species indicator values as an important tool in applied plant ecology – A 574 

review. Basic Appl. Ecol. 4:493-506. 575 

Ellenberg, H., H.E. Weber, R. Düll, V. Wirth, W. Werner and D. Paulissen. 1992. Zeigerwerte 576 

Von Pflanzen in Mitteleuropa. Verlag Erich Goltze KG, Göttingen. 577 

Emborg, J., M. Christensen and J. Heilmann-Clausen. 2000. The structural dynamics of 578 

Suserup Skov, a near-natural temperate deciduous forest in Denmark. Forest Ecol. 579 

Manag. 126:173-189. 580 

Gazol, A., and R. Ibánez. 2009. Different response to environmental factors and spatial 581 

variables of two attributes (cover and diversity) of the understorey layers. Forest Ecol. 582 

Manag. 258:1267-1274. 583 

Gilg, O. 2004. Old-Growth Forests. Characteristics, conservation and monitoring. Habitat and 584 

species management. Technical report 74. Cahiers Techniques de l’ATEN, Montpellier. 585 

Gilliam, F.S. 2007. The ecological significance of the herbaceous layer in temperate forest 586 

ecosystems. Bioscience 57:845-858. 587 

Gilliam, F.S. and M.R. Roberts (eds.). 2003. The Herbaceous Layer in Forests of Eastern North 588 

America. Oxford University Press, New York. 589 

Graae, B.J. and V.S. Heskjær. 1997. A comparison of understorey vegetation between 590 

untouched and managed deciduous forest in Denmark. Forest Ecol. Manag. 96:111-123.  591 

Hannah, L., J.L. Carr and A. Lankerani. 1995. Human disturbance and natural habitat: a biome 592 

level analysis of a global data set. Biodiv. Conserv. 4:128-155. 593 

Haglöf Sweden AB. 2005. Users Guide Vertex III and Transponder T3. http://www.forestry-594 

suppliers.com/Documents/128_msds.pdf (accessed 8 Oct 2018) 595 

Hill, M.O. 1979. The development of a flora in even-aged plantations. In: Ford, E.D., Malcolm, 596 

D.C., Atterson, J. (Eds.), The Ecology of Even-aged Forest Plantations. Institute of Terrestrial 597 

Ecology, Cambridge, pp. 175–192. 598 

Hofmeister, J., J. Hošek, M. Modrý and J. Roleček. 2009. The influence of light and nutrient 599 

availability on herb layer species richness in oak-dominated forests in central Bohemia. 600 

Plant Ecol. 205:57-75. 601 

Járási, L. 1997. Erdőgazdálkodás Bánkúttól Nagymilicig [Forest management from Bánkút to 602 

Nagymilic]. Észak-Magyarországi Erdőgazdasági Rt., Miskolc. 603 

Johann, E., M. Agnoletti, J. Bölöni, S.C. Erol, K. Holl, J. Kusmin, Jesus G. Latorre, Juan G. Latorre, 604 

Zs. Molnár, X. Rochel, J.D. Rotherham, E. Saratsi, M. Smith, L. Tarang, M. van Benthem and 605 

http://www.forestry-suppliers.com/Documents/128_msds.pdf
http://www.forestry-suppliers.com/Documents/128_msds.pdf


20 
 

J. van Laar. 2011. Chapter 6. Europe. In: Parrotta, J.A., Trosper, R.L., (eds.), Traditional 606 

Forest-Related Knowledge: Sustaining Communities, Ecosystems and Biocultural Diversity. 607 

World Forest Series, vol. 12. Springer, Dordrecht, pp. 203–249. 608 

Kenderes, K. and T. Standovár. 2003. The impact of forest management on forest floor 609 

vegetation evaluated by species traits. Community Ecol. 4(1):51-62. 610 

Király, G. (ed.). 2009. Új magyar füvészkönyv [Hungarian Flora]. Aggteleki Nemzeti Park 611 

Igazgatóság, Jósvafő. 612 

Kirby, K.J. 1988. Changes in the ground flora under plantations on ancient woodland sites. 613 

Forestry 61:317-338. 614 

Korpel, Š. 1995. Die Urwälder der Westkarpaten. Gustav Fischer Verlag, Stuttgart. 615 

Kramer, H. and Akça, A., 2008. Leitfaden zur Waldmesslehre. J.D. Sauerländers Verlag, 616 

Frankfurt. 617 

Krasilnikov, P., J.-J. Ibanez Marti, R. Arnold, and S. Shoba. 2009. A Handbook of Soil 618 

Terminology, Correlation and Classification. Earthscan, New York. 619 

Kuusela, K., 1966. A basal mean area tree method in forest inventory. Communicationes 620 

Instituti Forestalis Fenniae 61:1-32. 621 

Lalanne, A., J. Bardat, F. Lalanne-Amara and J.-F. Ponge. 2010. Local and regional trends in the 622 

ground vegetation of beech forests. Flora 205:484-498. 623 

Landolt, E. 1977. Ökologische Zeigerwerte zur Schweizer Flora. Veröffentlichungen des 624 

Geobotanischen Institutes der Eidgenössischen Technischen Hochschule, Stiftung Rübel 64, 625 

Zürich.  626 

Lemmon, R.E. 1956. A spherical densiometer for estimating forest overstorey density. Forest 627 

Sci. 2:314-320. 628 

Magyar, E. 1993. Erdőgazdálkodás a 18. századi Magyarországon [Forest management in 629 

Hungary in the 18th century]. In: Á.R. Várkonyi and L. Kósa (eds.), Európa híres kertje 630 

[Famous garden of Europe]. Orpheusz, Budapest, pp. 141-163. 631 

Márialigeti, S., F. Tinya, A. Bidló and P. Ódor. 2016. Environmental drivers of the composition 632 

and diversity of the herb layer in mixed temperate forests in Hungary. Plant Ecol. 217:549-633 

563. 634 

Maser, C., R.G. Anderson, K. Cormack, J.T. Williams and R.E. Martin. 1979. Dead and down 635 

woody material. In: Thomas, J.W. (ed.), Wildlife Habitats in Managed Forests of the Blue 636 



21 
 

Mountains of Oregon and Washington. USDA Forest Service, Agriculture Handbook No. 637 

553, pp. 78–95. 638 

Matthews, J.D. 1991. Silvicultural Systems. Oxford University Press, Oxford. 639 

McDonald, R., I.G. Motzkin and D.R. Foster. 2008. The effect of logging on vegetation 640 

composition in Western Massachusetts. Forest Ecol. Manag. 255:4021-4031. 641 

McElhinny, C., P. Gibbons and C. Brack. 2006. An objective and quantitative methodology for 642 

constructing an index of stand structural complexity. Forest Ecol. Manag. 235:54-71. 643 

Mersich, I., T. Práger, P. Ambrózy, M. Hunkár and Z. Dunkel (eds.). 2002. Magyarország 644 

éghajlati atlasza (Climate Atlas of Hungary). Országos Meteorológiai Szolgálat, Budapest. 645 

Naqinezhad, A., H. Zare-Maivan, H. Gholizadehb and J.G. Hodgson. 2013. Understory 646 

vegetation as an indicator of soil characteristics in the Hyrcanian area, N. Iran. Flora 208:3-647 

12. 648 

Naveh, Z. and R.H. Whittaker. 1979. Measurements and relationships of plant species diversity 649 

in Mediterranean shrublands and woodlands. In: Grassle, J.F., Patil, G.P., Smith, W., Taillie, 650 

C. (eds.), Ecological Diversity in Theory and Practice. International Cooperative Publishing 651 

House, Fairland, pp. 219-239. 652 

NÉBIH 2018. National Forest Inventory. National Food Chain Safety Office, Forestry 653 

Department. http://portal.nebih.gov.hu/en/web/erdoleltar?r=0 (Accessed 8. October 654 

2018). 655 

Oksanen, J., F.G. Blanchet, R. Kindt, P. Legendre, P.R. Minchin, R.B. O'Hara, G.L. Simpson, P. 656 

Solymos, M.H.H. Stevens and H. Wagner. 2016. Vegan: Community Ecology Package. R 657 

package version. 2.3-4. https://CRAN.R-project.org/package=vegan 658 

Peterken, G.F. 1996. Natural Woodland. Ecology and Conservation in Northern Temperate 659 

Regions. Cambridge University Press, Cambridge. 660 

Pinheiro, J., D. Bates, S. DebRoy and D. Sarkar 2011. nlme: linear and nonlinear mixed effects 661 

models. R package version. 3.1-102. https://CRAN.R-project.org/package=nlme  662 

Ponge, J. F., P. Arpin, F. Sondag and F. Delecour. 1997. Soil fauna and site assessment in beech 663 

stands of the Belgian Ardennes. Can. J. For. Res. 27:2053-2064. 664 

Pontailler, J-Y., A. Faille and G. Lemée. 1997. Storms drive successional dynamics in natural 665 

forests: a case study in Fontainebleau forest (France). Forest Ecol. Manag. 98:1-15. 666 

R Core Team. 2017. R: A language and environment for statistical computing. R Foundation 667 

for Statistical Computing, Vienna, Austria. https://www.R-project.org/.  668 

http://portal.nebih.gov.hu/en/web/erdoleltar?r=0
https://cran.r-project.org/package=vegan
https://cran.r-project.org/package=nlme
https://www.r-project.org/


22 
 

Ritter, E., L. Vesterdal and P. Gundersen. 2003. Changes in soil properties after afforestation 669 

of former intensively managed soils with oak and Norway spruce. Plant Soil 249:319-330. 670 

Roberts, M.R. and F.S. Gilliam. 1995. Disturbance effects on herbaceous layer vegetation and 671 

soil nutrients in Populus forests of northern lower Michigan. J. Veg. Sci. 6:903-912. 672 

Sabatini, F.M., S. Burrascano, W.S. Keeton, C. Levers, M. Lindner, F. Pötzschner, P.J. Verkerk, 673 

J. Bauhus, E. Buchwald, O. Chaskovsky, N. Debaive, F. Horváth, M. Garbarino, N. Grigoriadis, 674 

F. Lombardi, I. Marques Duarte, P. Meyer, R. Midteng, S. Mikac, M. Mikoláš, R. Motta, G. 675 

Mozgeris, L. Nunes, M. Panayotov, P. Ódor, A. Ruete, B. Simovski, J. Stillhard, M. Svoboda, 676 

J. Szwagrzyk, O-P. Tikkanen, R. Volosyanchuk, T. Vrska, T. Zlatanov and T. Kuemmerle. 2018. 677 

Where are Europe’s last primary forests? Divers. Distrib. 24:1426-1439. 678 

Sabatini, F.M., S. Burrascano, F. Lombardi, G. Chirici and C. Blasi. 2015. An index of structural 679 

complexity for Apennine beech forests. iForest 8:314-323. 680 

Saniga, M., M. Balanda, S. Kucbel and J. Pittner. 2014. Four decades of forest succession in the 681 

oak-dominated forest reserves in Slovakia. iForest 7:324-332. 682 

Sarkar, D. 2008. Lattice: Multivariate Data Visualization with R. Springer, New York. 683 

Schaffers, A.P. and K.V. Sykora. 2000. Reliability of Ellenberg indicator values for moisture, 684 

nitrogen and soil reaction: a comparison with field measurements. J. Veg. Sci. 11:225-244. 685 

Simpson, G.L. 2016. Permute: Functions for Generating Restricted Permutations of Data. R 686 

package version 0.9-0. https://CRAN.R-project.org/package=permute 687 

Slezák, M. and I. Axmanová. 2016. Patterns of plant species richness and composition in 688 

deciduous oak forests in relation to environmental drivers. Community Ecol. 17(1):61-70. 689 

Sopp, L. and L. Kolozs (eds.). 2000. Fatömegszámítási táblázatok [Volume tables]. Állami 690 

Erdészeti Szolgálat, Budapest. 691 

Spetich, M.A., S.R. Shifley and G.R. Parker. 1999. Regional distribution and dynamics of coarse 692 

woody debris in midwestern old-growth forests. Forest Sci. 45:302-313. 693 

Ståhl, G., A. Ringvall and J. Fridman. 2001. Assessment of coarse woody debris – a 694 

methodological overview. Ecol. Bull. 49:57-70. 695 

Szabó, P., 2005. Woodland and forests in medieval Hungary. Archaeopress, Oxford. 696 

Szujkó-Lacza, J., and G. Fekete. 1971. The correlation of species and habitat factors in a 697 

xerothermic oak forest (Orno-Quercetum) stand. Feddes Repert. 82:263-286. 698 

https://cran.r-project.org/package=permute


23 
 

Ter Braak, C.J.F. and P. Šmilauer. 2002. CANOCO reference manual and CanoDraw for Windows 699 

user's guide: software for canonical community ordination (version 4.5). Microcomputer 700 

Power, Ithaca, New York, USA. 701 

Thomas S.C., C.B. Halpern, D.A. Falk, D.A. Liguori and K.A. Austin. 1999. Plant diversity in 702 

managed forests: understorey responses to thinning and fertilization. Ecol. Appl. 9:864-703 

879. 704 

Tinya, F., S. Márialigeti, I. Király, B. Németh and P. Ódor. 2009. The effect of light conditions 705 

on herbs, bryophytes and seedlings of temperate mixed forests in Őrség, Western Hungary. 706 

Plant Ecol. 204:69-81. 707 

Tobisch, T. and T. Standovár. 2005. A comparison of vegetation patterns in the tree and herb 708 

layers of a hardwood forest. Community Ecol. 6(1):29-37. 709 

Tyler, G. 1989. Interacting effects of soil acidity and canopy cover on the species composition 710 

of field-layer vegetation in oak/hornbeam forests. Forest Ecol. Manag. 28:101-114. 711 

van Calster, H., L. Baeten, K. Verheyen, D.L. Keersmaeker, S. Dekeyser, J.E. Rogister and M. 712 

Hermy. 2008. Diverging effects of overstorey conversion scenarios on the understorey 713 

vegetation in a former coppice-with-standards forest. Forest Ecol. Manag. 256:519-528. 714 

van Wagner, C. E. 1968. The line intersect method in forest fuel sampling. Forest Sci. 14:20-715 

26. 716 

von Oheimb, G. and J. Brunet. 2007. Dalby Söderskog revisited: long-term vegetation changes 717 

in a south Swedish deciduous forest. Acta Oecol. 31:229-242. 718 

von Oheimb, G. and W. Härdtle. 2009. Selection harvest in temperate deciduous forest: impact 719 

on herb layer richness and composition. Biodivers. Conserv. 18:271-287. 720 

Warren, W.G. and P.F. Olsen. 1964. A line intersect technique for assessing logging waste. 721 

Forest Sci. 10:267-276. 722 

Whigham, D.F. 2004. The ecology of woodland herbs in temperate deciduous forests. Ann. 723 

Rev. Ecol. Evol. 35:583-621. 724 

Yu, M. and O.J. Sun. 2013. Effects of forest patch type and site on herb-layer vegetation in a 725 

temperate forest ecosystem. Forest Ecol. Manag. 300:14-20. 726 

Zólyomi, B., Z. Baráth, G. Fekete, P. Jakucs, I. Kárpáti, M. Kovács and I. Máté. 1967. Einreihung 727 

von 1400 Arten der ungarischen Flora in ökologische Gruppen nach TWR-Zahlen. Fragm. 728 

Bot. Mus. Hist. Nat. Hung. 4:101-142. 729 



24 
 

Zuur, A.F., E.N. Ieno, N.J. Walker, A.A. Saveliev and G. Smith 2009. Mixed Effects Models and 730 

Extension in Ecology with R. Springer, New York. 731 

  732 



25 
 

Tables 733 

 734 

Table 1. Interactions between explanatory variables and tree seedlings based on linear 735 

models. Linear positive ("+"), linear negative ("-") and quadratic unimodal ("^2") responses 736 

are separated: Open – canopy openness; Soil – soil pH; SHI – Stand Heterogeneity Index. 737 

Abbreviations with bold and italic font show the most important variable for the species. 738 

 739 

Open "+" Open "-" Open "^2" Soil "+" Soil "-" Soil "^2" SHI "+" SHI "-" SHI "^2" NS 

Rosacan Cornmas Acercam Acercam Querpet Acerpla Acercam Querpet Fraxexc Acertat 

 Cratmon Acerpla Cornmas  Ceraavi Acerpla  Prunspi Carpbet 

 Euonver Cratlae Cratlae  Prunspi Rosacan    Fraxorn 

 Fraxexc Liguvul Euonver  Rosacan  
   Malusyl 

 
 Querpet Fraxexc        Pyrupyr 

 
 Sorbtor Liguvul        Quercer 

 740 

 741 

  742 
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Table 2. Interactions between explanatory variables and herbaceous species based on linear 743 

models. Linear positive ("+"), linear negative ("-") and quadratic unimodal ("^2") responses 744 

are separated: Open – canopy openness; Soil – soil pH; SHI – Stand Heterogeneity Index. 745 

Abbreviations with bold and italic font show the most important variable for the species. 746 

 747 

Open "+" Open "-" Open "^2" Soil "+" Soil "-" Soil "^2" SHI "+" SHI "-" SHI "^2" NS 

Ajugrep Buglpur Allipet Buglpur Campper Clinvul Allipet Caredig Campper Betooff 

Astrgly Camprap Bromram Camprap Cardare Dactpol Anthram Caremic Carepai Brachpin 

Brachsyl Caremic Campper Chaetem Caredig Fragves Bromram Genitin Luzucam Caremon 

Cardare Clemvit Caredig Clemvit Galisch Galiodo Buglpur Hierlac Poaang Festrup 

Carepai Meliuni Crucgla Convmaj Genitin Hierlac Camprap Hierrac Vicicas Galiapa 

Clinvul Scutalt Cruclae Geumurb Hiermur Hierrac Chaetem Hylotel   Glechhir 

Dactpol  Festhet Meliuni Hypeper Lychvis Clemvit Luzuluz   Lathver 

Euphcyp  Galimol Origvul Luzucam Tanacor Digigra Lychvis   Melimel 

Falldum  Galiodo Primver Luzuluz Verooff Galiodo Poanem   Moehtri 

Fragves  Hierlac Scutalt Poaang Vinchir Geumurb Verocha   Mycemur 

Genitin  Hierrac Secuvar Poanem   Lathnig    Polyodo 

Hylotel  Luzuluz Torijap Silenut   Meliuni    Pulmmol 

Hypeper  Poanem Violodo Trifmed   Scutalt    Rubus 

Lapscom  Silevul Violrei Verocha   Vinchir    Sanieur 

Origvul  Verocha  Vicicas   Violodo    Stelhol 

Poaang  Violodo  
   Violrei    Symptub 

Secuvar  Violrei  
    

   Vicitet 

Silenut         
   Violhir 

Tanacor         
    

Teuccha         
    

Trifalp         
    

Trifmed         
    

Verbcha             
Verooff             
Vicicas             
Vinchir             

 748 
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 750 

Figures 751 

 752 

 753 

 754 

Figure 1. Occurrences of the sample plots in Hungary. The studied mountain ranges are Pilis-755 

Börzsöny (PB), Mátra (M) and Bükk (B). 756 
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 758 

 759 

Figure 2: Sampling arrangement. The whole plot (r = 8.92 m, 250 m2) were used for overstory, 760 

the 28 subplots (r = 0.4 m, grey circles) for understory, the four x symbols show positions of 761 

canopy openness measurements. 762 
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 764 

Figure 3. The scores of seedling and herbaceous species on the Canopy openness (A), Stand 765 

Heterogeneity Index (B) and Soil pH (C) canonical RDA axes (Appendix F). In redundancy 766 

analysis, the variance covered by Canopy openness and soil pH was 2.8 %, and 1.9 % in case 767 

of Stand Heterogeneity Index. Species occurring at the two ends of the gradient are listed. 768 
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 770 

 771 

Figure 4. The local frequency of some species depending on the canopy openness (astrgly – 772 

Astragalus glycyphyllos, clinvul – Clinopodium vulgare, fraxexc – Fraxinus excelsior, hierlac – 773 

Hieracium lachenalii, poanem – Poa nemoralis, querpet – Quercus petraea) 774 
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 776 

 777 

 778 

Figure 5. The local frequency of some species depending on the soil pH (astrgly – Astragalus 779 

glycyphyllos, clinvul – Clinopodium vulgare, fraxexc – Fraxinus excelsior, hierlac – Hieracium 780 

lachenalii, poanem – Poa nemoralis, querpet – Quercus petraea) 781 
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 783 

 784 

 785 

Figure 6. The local frequency of some species depending on Stand Heterogeneity Index (astrgly 786 

– Astragalus glycyphyllos, clinvul – Clinopodium vulgare, fraxexc – Fraxinus excelsior, hierlac – 787 

Hieracium lachenalii, poanem – Poa nemoralis, querpet – Quercus petraea) 788 
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 790 

Appendices 791 

 792 

 793 

Table S1. Plot numbers per age classes and mountain ranges. 794 

 795 

Age Classes Pilis-Börzsöny Mátra  Bükk 

40-80 30 20 43 

80-120 23 18 38 

120- 27 15 118 

 796 
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 798 

Table S2. Values of the stand structural variables used for the Stand Heterogeneity Index. 799 

 800 

Variable Unit Min Average Max 

Living volume  m3/ha 125 298 587 

Number of large living trees (DBH > 40 cm) stem/ha 0 3.6 17 

DBH diversity (Gini-Simpson index) - 0.32 0.73 0.88 

Dead wood decay stage diversity (Gini-Simpson 
index) 

- 0 0.22 0.74 

Tree species richness - 1 3.3 11 

Standing dead wood volume m3/ha 0 10.0 130.6 

Total deadwood volume m3/ha 0 27.6 380.2 

 801 

  802 
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Table S3. Linear regression equations of the variables of Stand Heterogeneity Index for converting 803 

original values (X) to ranks (Score) between 0 and 10. R2 means the coefficient of determination of 804 

the regression models. 805 

 806 

Variable Regression equation R2 

Living volume  Score = -4.850 + 0.038*X 0.994 

Number of large living trees (DBH > 40 cm) Score = 3.571 + 0.765*X 0.918 

DBH diversity (Gini-Simpson index) Score = -18.760 + 33.760*X 0.990 

Dead wood decay stage diversity (Gini-Simpson 
index) 

Score = 3.715 + 12.326*X 0.898 

Tree species richness (log) Score = 2.414 + 9.860*log(X) 0.990 

Standing deadwood volume (log) Score = 3.831 + 4.421*log(X) 0.895 

Total deadwood volume (sqrt) Score = 1.641 + 1.116*sqrt(X) 0.992 
 807 
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Table S4. Values of the used environmental variables. 809 

 810 

Abbreviation Description of the variable Min Average Max 

Open Average canopy openness (%) 3.5 10.8 27.8 

Soil pH of the upper 10 cm of soil 3.9 5.2 7.0 

SHI Stand Heterogeneity Index (%) 27.6 61.5 92.7 

 811 
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Table S5. List of the species, their abbreviations, frequency values and response types. Open: canopy 813 

openness, Soil: soil pH, SHI: Stand Heterogeneity Index, 2: quadratic unimodal response, P: positive 814 

linear response, N: negative linear response. 815 

 816 

Abbreviation Binomial name 
Frequency 

(%) 
Open 

Soil 
pH 

SHI 

Acercam Acer campestre 70.2 2 P P 

Acerpla Acer platanoides 15.4 2 2 P 

Acertat Acer tataricum 11.1     

Ajugrep Ajuga reptans 31.9 P     

Allipet Alliaria petiolata 20.5  2   P 

Anthram Anthericum ramosum 23.2    P 

Astrgly Astragalus glycyphyllos 41.6  P  

Betooff Betonica officinalis 15.7       

Bracpin Brachypodium pinnatum 21.7      

Bracsyl Brachypodium sylvaticum 29.8 P    

Bromram Bromus ramosus 31.3 2  P 

Buglpur 
Buglossoides 
purpurocaeruleapurpurocaeruleum 

19.9  N P P 

Campper Campanula persicifolia 36.7 2 N 2 

Camprap Campanula rapunculoides 44.9  N P P 

Cardare Cardaminopsis arenosa 13.3 P N    

Caredig Carex digitata 14.5 2 N N  

Caremic Carex michelii 37.0 N   N 

Caremon Carex montana 9.9       

Carepai Carex pairaei 50.3 P   2 

Carpbet Carpinus betulus 44.0       

Ceraavi Cerasus avium 28.9   2   

Chaetem Chaerophyllum temulum 29.5   P P 

Clemvit Clematis vitalba 25.6 N P P 

Clinvul Clinopodium vulgare 81.0 P 2  

Convmaj Convallaria majalis 19.3   P   

Cornmas Cornus mas 46.4 N P  

Cratlae Crataegus laevigata 15.1 2 P   

Cratmon Crataegus monogyna 49.4 N    

Crucgla Cruciata glabra 29.8 2     

Cruclae Cruciata laevipes 13.6 2    

Dactpol Dactylis polygama 89.5 P 2   

Digigra Digitalis grandiflora 21.7     P 

Euonver Euonymus verrucosus 14.5 N P   

Euphcyp Euphorbia cyparissias 31.6 P     

Falldum Fallopia dumetorum 58.1 P    

Festhet Festuca heterophylla 35.24 2    

Festrup Festuca rupicola 10.8     

Fragves Fragaria vesca 68.1 P 2   

Fraxexc Fraxinus excelsior 49.01 N    P 2 

Fraxorn Fraxinus ornus 15.4      

Galiapa Galium aparine 19.6       
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Galimol Galium mollugo 50.0 2     

Galiodo Galium odoratum 16.6 2 2 P 

Galisch Galium schultesii 66.3   N   

Genitin Genista tinctoria 23.12 P N  N 

Geumurb Geum urbanum 59.6   P P 

Glechir Glechoma hirsuta 18.4       

Hierlac Hieracium lachenalii 23.5 2 2 N 

Hiermur Hieracium murorum 25.0   N   

Hierrac Hieracium racemosum 37.0 2 2 N 

Hylotel Hylotelephium telephium 13.9 P   N 

Hypeper Hypericum perforatum 27.7 P N   

Lapscom Lapsana communis 46.7 P     

Lathnig Lathyrus niger 34.6    P  

Lathver Lathyrus vernus 31.9       

Liguvul Ligustrum vulgare 49.4 N P   

Luzucam Luzula campestris 11.4   N 2 

Luzuluz Luzula luzuloides 12.7 2 N N  

Lychvis Lychnis viscaria 15.1   2 N 

Malusyl Malus sylvestris 11.1       

Melimel Melittis melissophyllum 37.7       

Meliuni Melica uniflora 74.4  N P P 

Moehtri Moehringia trinervia 22.9      

Mycemur Mycelis muralis 15.4       

Origvul Origanum vulgare 15.1 P P   

Poaang Poa angustifolia 15.1 P  N 2 

Poanem Poa nemoralis 88.2 2 N N 

Polyodo Polygonatum odoratum 18.7       

Primver Primula veris 14.2   P   

Prunspi Prunus spinosa 60.8   2 2 

Pulmmol Pulmonaria mollissima 11.1       

Pyrupyr Pyrus pyraster 15.4       

Quercer Quercus cerris 62.0      

Querpet Quercus petraea 85.5 2 N N 

Rosacan Rosa canina 76.2 P 2 P 

Rubufru Rubus fruticosus 27.1      

Sanieur Sanicula europea 12.0      

Scutalt Scutellaria altissima 13.0 N P P 

Secuvar Securigera varia 16.9 P P   

Silenut Silene nutans 31.9 P N   

Silevul Silene vulgaris 16.3 2     

Sorbtor Sorbus torminalis 32.2 2     

Stelhol Stellaria holostea 37.7     

Symptub Symphytum tuberosum 37.3       

Tanacor Tanacetum corymbosum 58.1 P 2   

Teuccha Teucrium chamaedrys 14.8 P     

Torijap Torilis japonica 16.3   P  

Trifalp Trifolium alpestre 25.9 P     

Trifmed Trifolium medium 43.7 P  N   

Verbcha Verbascum chaixii 13.0 P    

Verocha Veronica chamaedrys 82.8 2 N N 
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Verooff Veronica officinalis 30.4  P 2  

Vicicas Vicia cassubica 18.4  P N 2 

Vicitet Vicia tetrasperma 11.1      

Vinchir Vincetoxivum hirundinaria 39.8 P 2 P 

Violhir Viola hirta 12.7       

Violodo Viola odorata 57.5  2 P P 

Violrei Viola reichenbachiana 45.8 2 P P 

 817 
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 819 

Table S6. Position of the species along the environmental variables as redundancy analysis axes. 820 

 821 

Abbreviation Binomial name Openness Soil pH SHI 

Acercam Acer campestre -0,42 0,58 0,39 

Acerpla Acer platanoides 0,04 0,06 0,07 

Acertat Acer tataricum -0,05 0,01 -0,06 

Ajugrep Ajuga reptans 0,29 -0,08 -0,08 

Allipet Alliaria petiolata 0,12 0,08 0,14 

Anthram Anthericum ramosum 0,13 -0,02 0,11 

Astrgly Astragalus glycyphyllos 0,23 0,09 0,06 

Betooff Betonica officinalis -0,01 0,02 0,01 

Bracpin Brachypodium pinnatum -0,12 0,20 0,06 

Bracsyl Brachypodium sylvaticum 0,19 0,01 0,06 

Bromram Bromus ramosus -0,13 0,10 0,24 

Buglpur Buglossoides purpurocaerulea -0,17 0,20 0,23 

Campper Campanula persicifolia 0,26 -0,19 0,00 

Camprap Campanula rapunculoides -0,23 0,46 0,36 

Cardare Cardaminopsis arenosa 0,16 -0,14 -0,10 

Caredig Carex digitata 0,17 -0,19 -0,18 

Caremic Carex michelii -0,17 0,03 -0,13 

Caremon Carex montana 0,06 -0,05 -0,03 

Carepai Carex pairaei 0,20 0,08 0,00 

Carpbet Carpinus betulus 0,06 0,01 0,04 

Ceraavi Cerasus avium 0,00 0,02 -0,05 

Chaetem Chaerophyllum temulum -0,09 0,21 0,32 

Clemvit Clematis vitalba -0,17 0,14 0,17 

Clinvul Clinopodium vulgare 0,44 -0,02 0,13 

Convmaj Convallaria majalis -0,13 0,26 0,08 

Cornmas Cornus mas -0,20 0,28 0,09 

Cratlae Crataegus laevigata -0,11 0,09 -0,01 

Cratmon Crataegus monogyna -0,13 0,17 0,10 

Crucgla Cruciata glabra 0,27 -0,04 -0,11 

Cruclae Cruciata laevipes 0,07 0,03 0,07 

Dactpol Dactylis polygama 0,38 -0,21 -0,04 

Digigra Digitalis grandiflora 0,10 0,09 0,16 

Euonver Euonymus verrucosus -0,14 0,11 -0,07 

Euphcyp Euphorbia cyparissias 0,21 0,05 -0,05 

Falldum Fallopia dumetorum 0,17 0,07 0,16 

Festhet Festuca heterophylla 0,11 -0,13 0,01 

Festrup Festuca rupicola 0,01 -0,02 -0,06 

Fragves Fragaria vesca 0,28 -0,06 0,00 

Fraxexc Fraxinus excelsior -0,36 0,43 0,59 



41 
 

Fraxorn Fraxinus ornus 0,05 0,07 -0,03 

Galiapa Galium aparine -0,04 0,02 0,04 

Galimol Galium mollugo 0,61 -0,09 -0,13 

Galiodo Galium odoratum -0,32 0,25 0,23 

Galisch Galium schultesii 0,01 -0,23 0,20 

Genitin Genista tinctoria 0,32 -0,21 -0,15 

Geumurb Geum urbanum 0,02 0,21 0,19 

Glechir Glechoma hirsuta -0,10 0,14 0,07 

Hierlac Hieracium lachenalii 0,14 -0,30 -0,15 

Hiermur Hieracium murorum 0,25 -0,31 0,03 

Hierrac Hieracium racemosum 0,38 -0,54 -0,22 

Hylotel Hylotelephium telephium 0,08 -0,04 -0,08 

Hypeper Hypericum perforatum 0,21 -0,13 -0,05 

Lapscom Lapsana communis 0,25 -0,08 0,02 

Lathnig Lathyrus niger -0,03 0,07 0,14 

Lathver Lathyrus vernus -0,03 0,02 -0,06 

Liguvul Ligustrum vulgare -0,41 0,31 -0,14 

Luzucam Luzula campestris 0,06 -0,08 -0,02 

Luzuluz Luzula luzuloides 0,30 -0,45 -0,24 

Lychvis Lychnis viscaria 0,10 -0,22 -0,11 

Malusyl Malus sylvestris -0,05 0,01 -0,02 

Melimel Melittis melissophyllum -0,05 0,08 0,09 

Meliuni Melica uniflora -0,35 0,39 0,45 

Moehtri Moehringia trinervia -0,01 -0,02 0,09 

Mycemur Mycelis muralis 0,01 0,01 0,07 

Origvul Origanum vulgare 0,14 0,10 0,06 

Poaang Poa angustifolia 0,12 -0,12 -0,14 

Poanem Poa nemoralis 0,76 -0,86 -0,49 

Polyodo Polygonatum odoratum 0,05 -0,04 0,03 

Primver Primula veris -0,12 0,13 0,04 

Prunspi Prunus spinosa 0,05 0,08 0,03 

Pulmmol Pulmonaria mollissima -0,04 0,03 -0,01 

Pyrupyr Pyrus pyraster 0,04 0,05 -0,03 

Quercer Quercus cerris -0,26 0,02 0,01 

Querpet Quercus petraea 0,66 -0,59 -0,57 

Rosacan Rosa canina 0,13 0,03 0,20 

Rubufru Rubus fruticosus -0,05 0,00 0,08 

Sanieur Sanicula europea -0,09 0,09 0,12 

Scutalt Scutellaria altissima -0,15 0,17 0,27 

Secuvar Securigera varia 0,22 0,12 0,02 

Silenut Silene nutans 0,24 -0,27 -0,05 

Silevul Silene vulgaris 0,07 -0,05 0,06 

Sorbtor Sorbus torminalis 0,06 0,01 -0,01 

Stelhol Stellaria holostea -0,07 -0,04 -0,07 

Symptub Symphytum tuberosum -0,06 -0,07 -0,15 
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Tanacor Tanacetum corymbosum 0,25 -0,02 0,07 

Teuccha Teucrium chamaedrys 0,14 0,04 0,02 

Torijap Torilis japonica 0,11 0,12 -0,15 

Trifalp Trifolium alpestre 0,28 -0,12 -0,05 

Trifmed Trifolium medium 0,38 -0,20 0,11 

Verbcha Verbascum chaixii 0,16 0,03 -0,01 

Verocha Veronica chamaedrys 0,53 -0,51 -0,55 

Verooff Veronica officinalis 0,12 -0,26 0,00 

Vicicas Vicia cassubica 0,20 -0,36 -0,32 

Vicitet Vicia tetrasperma 0,04 0,02 -0,03 

Vinchir Vincetoxivum hirundinaria 0,25 0,25 0,51 

Violhir Viola hirta -0,03 0,05 0,04 

Violodo Viola odorata -0,27 0,73 0,44 

Violrei Viola reichenbachiana -0,28 0,28 0,42 

 822 


