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Abstract

Transformation of coppices to high forests has caused fundamental changes in site conditions and 

a decline of many species across Central Europe. Nevertheless, some formerly coppiced forests 

still harbour a number of the declining species and have become biodiversity hotspots in the 

changing landscape. We focused on the best preserved remnant of formerly grazed and coppiced 

subcontinental oak forest in the Czech Republic – Dúbrava forest near Hodonín. To improve our 

understanding of the ecology of the declining species, we studied local habitat requirements of 

vascular plants most endangered at the national level. We recorded vegetation composition and 

sampled important site variables in plots with the largest populations of endangered species and in 

additional plots placed randomly across all major forest habitats. We demonstrated that sites with 

endangered species have a highly uneven distribution in ecological space and their species 

composition is often similar to open-canopy oak forests. Within this habitat, the endangered 

species are concentrated in places with a high light availability and high soil pH. Light-demanding 

species characteristic of subcontinental oak forests are the best indicators of these sites, while 

broadly distributed shade-tolerant and nutrient-demanding species avoid them. These results 

support the view that the occurrence of many endangered species in Dúbrava forest is a legacy of 

the long history of traditional management that kept the canopies open. The light-demanding 

species are now threatened by ongoing successional changes. Therefore, active conservation 

measures are recommended, including opening up the canopies, early thinning of young stands, 

control of expansive and invasive species and understorey grazing or mowing.
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Introduction

Historical forms of management such as coppicing, grazing or litter raking have shaped the 

appearance of European forests and the composition of their biotic communities for 

centuries (Rackham 2003). Since the 18th century these management forms have been 

abandoned across Europe and recently they have practically vanished, particularly in 

Western and Central Europe (Müllerová et al. 2014). Transformation of most forest stands to 

high forests or plantations of economically important species has brought fundamental 

changes in their site conditions and caused a decline of many species (Baeten et al. 2009; 

Naaf and Wulf 2010; Müllerová et al. 2015). Nevertheless, some formerly coppiced forests – 

particularly lowland oak forests – still harbour populations of declining species and have 

thus become biodiversity hotspots and the subject of conservation efforts in the changing 

landscape.

Even in protected areas and at other sites designated for biodiversity conservation, 

successional changes are taking place, either as a result of management abandonment or 

other recent issues such as increased nitrogen deposition and high ungulate densities 

(Hofmeister et al. 2004; Ward 2005; Milner et al. 2006; Verheyen et al. 2012, Brunet et al. in 

press). To facilitate survival of the remaining populations of endangered species, targeted 

management measures have to be designed and incorporated into management plans of 

particular forest sites. However, any effective management plan requires sufficient 

knowledge of the current state of the endangered populations and their habitat requirements.

Our study focused on one of the largest and best preserved remnants of formerly coppiced 

lowland oak forests in the Czech Republic – Dúbrava forest near Hodonín. Regarding the 

number and population sizes of the endangered vascular plant species, it is probably the 

most valuable single oak forest in the country. To improve our understanding of ecology of 

the endangered vascular plant species and to design an effective management plan, we 

studied the habitat requirements of these species and compared them to the site conditions in 

a broad spectrum of habitats in the forest. Specifically, we hypothesized that 1) endangered 

species are not dispersed evenly across the vegetation continuum but concentrated in 

particular habitat types, mostly those with a species composition resembling formerly 

coppiced oak forests, and 2) habitats with endangered species differ from other habitats 

regarding environmental characteristics.

Methods

Study area

The study area is situated within the large lowland Dúbrava forest (100 km2). It is located 

north-west of the town of Hodonín in the south-easternmost part of the Czech Republic 

(48.9° N, 18.1° E) at an altitude between 160–240 m a.s.l. (Fig. 1). The climate of the region 

is subcontinental, with mean July temperatures 19.8 °C, mean January temperatures -1.5 °C 

and a mean annual rainfall 585 mm (Vesecký 1961). The terrain is flat, mildly undulating, 

with low dunes and shallow depressions. It is formed by base- and nutrient-poor Pleistocene 

eolian sands overlaying Tertiary impermeable base-rich sediments. This combination 
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supports a fine-scale mosaic of dry and wet, base-rich and base-poor sites (Novák and 

Pelíšek 1943; Šmarda 1961). The actual study area is approximately 15 km2 in size.

The past use of the forest was diverse and included wood pasture, hay making and coppicing 

(Šmarda 1961; Řepka 2009; Szabó 2013). These practices have been gradually abandoned 

until the first half of the 20th century, when clear-cutting and extensive planting of pine 

(Pinus sylvestris) started to prevail. However, patches of overgrown and mostly singled-out 

oak coppices have been preserved in many places. They are mostly dominated by Quercus 
robur and form a rare type of subcontinental oak forest that is classified as the Carici 
fritschii-Quercetum roboris association (Chytrý and Horák 1997; Roleček 2007, 2013) and 

listed as priority habitat 91I0 (Euro-Siberian steppic woods with Quercus spp.) in Annex 1 

of Council Directive 92/43/EEC. Locally shade-tolerant broad-leaved trees are admixed, 

mainly Tilia cordata. Wet depressions are often treeless or covered with stands of Salix 
aurita and Betula spp. Stands dominated by Alnus glutinosa occur along streams.

Out of more than 650 plant species identified in the study area, 9 are listed as critically 

endangered and 20 as strongly endangered in the Czech Red List (Grulich 2012). The site is 

protected under EU legislation as a Site of Community Importance (CZ0624070 – 

Hodonínská doubrava) and under Czech legislation as a National Nature Monument (NPP 

Hodonínská Dúbrava).

Sampling design

The analysed dataset consisted of two parts. The first one included 35 plots coming from 

sites with endangered plant species, for which we mapped the distribution of 20 species 

most endangered from the national perspective. The species were selected based on the 

current version of the Czech Red List (Grulich 2012) and consultation with its author (V. 

Grulich pers. comm.). The selection included 9 critically endangered species and 11 strongly 

endangered species (Table 1). We sampled two sites with the largest populations of each of 

the 20 species (one site was sampled in case only a single population of a species was 

found). We assumed that the largest populations indicate habitats with site conditions most 

suitable for a particular species. At each site, the sampling plot (further called endangered 
species plot) was positioned in the place with the highest population density or close to the 

centre of the local population.

The other dataset was sampled to provide context for the endangered species plots and to 

cover the variation in vegetation composition and site conditions across the study area. We 

used Natura 2000 habitat maps (NCA CR 2011) to stratify vegetation, and randomly placed 

a total number of 47 plots (further called context plots) among the strata, proportionally to 

the common logarithm of the total area of each habitat and with a minimum number of two 

plots per habitat (Table 2).

Vegetation sampling

Plant species composition was recorded in circular plots of one meter radius in both 

endangered species plots and context plots. All vascular plant species in the herb layer were 

recorded and the cover-abundance of each species was visually estimated on a 9-level 

Braun-Blanquet scale (Dengler et al. 2008). Vegetation samples were recorded in June to 
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August 2012–2014. Species nomenclature follows Kubát et al. (2002), with the exception of 

Hieracium onegense (Norrl.) Norrl.

Sampling and measuring of site variables

Soil samples were taken from the upper part (5 cm) of the mineral soil horizon in each plot. 

Samples were dried at room temperature and sieved. Total carbon and inorganic nitrogen 

were measured in a 0.1 mm fraction using Carlo Erba NC 2500 elemental analyser. 

Available phosphorus was determined colorimetrically in mixed samples prepared with a 1M 

solution of sodium bicarbonate at pH 8.5. Contents of Ca2+, Mg2+ and K+ cations were 

determined from mixed samples in a Mehlich III extraction. Soil acidity was assessed by 

shaking a suspension of 20 g of soil and 50 ml of distilled water and subsequently measuring 

the pH using a glass electrode.

Light availability in the understorey was estimated as canopy openness measured by means 

of hemispherical photography using a Nikon FC-E8 fish-eye lens in the centre of each plot. 

Canopy openness values were calculated in the Sidelook programme. Here, the automatic 

thresholding algorithm (Nobis and Hunziker 2005) was used to distinguish black and white 

pixels.

To assess soil moisture, soil water content was measured in all plots in August 2014 during 

two days without rain. We used a Delta-T HH2 device with a ThetaProbe ML2x probe, 

which determines the volumetric soil water content by measuring the impedance of the 

probe inserted in upper 5 cm of soil (Gaskin and Miller 1996).

To estimate long-term soil wetness driven by topography, we used the Convergence Index 

implemented in SAGA GIS (Conrad et al. 2015). This index assesses terrain convexity in the 

surroundings of the focal site; negative values indicate terrain depressions while positive 

values indicate elevations. For its calculation we used a detailed Digital Elevation Model 

(DEM) created by LIDAR technology with 5m pixel resolution (DEM 4G provided by the 

Czech Office for Surveying, Mapping and Cadastre). Slope orientations of DEM pixels up to 

25 m from the focal site were considered and we used inverse distance weighting of pixel 

values to give local topography a higher importance. We employed the Convergence Index 

instead of the more widely used Topographic Wetness Index (Kopecký and Čížková 2010), 

because the topography of the study area is generally flat. Soil moisture patterns are 

therefore probably driven rather by local terrain shape than by regional flow accumulation.

To determine stand age class (10-years span) corresponding to each vegetation plot, we used 

forestry maps.

Data analysis

To show the position of endangered species plots in a broad vegetation context, non-metric 

multidimensional scaling (NMDS) in R (R core team 2014) operated from the JUICE 7.0 

programme (Tichý 2002) was performed on the merged dataset of endangered species plots 
and context plots. Logarithmically transformed percentage cover data was used and rare 

species were downweighted in the analysis. Only plots with at least 3 species were included 

(76 plots in total).
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To assess habitat requirements of the endangered species, we restricted the dataset to 

vegetation plots sampled in open-canopy oak forests, their margins and undisturbed 

clearings, i.e. the community that prevails in the study area and is protected here. We 

performed a two sample Mann-Whitney test from the coin package (Hothorn et al. 2006) in 

R to test whether endangered species plots significantly differ from context plots in the 

observed values. Statistical significance was evaluated using a randomization test based on 

999 permutations. Characteristic species of the endangered species plots and other habitats 

were determined using the phi coefficient of fidelity with group size standardized to 10% of 

the dataset (Tichý and Chytrý 2006). Species with a phi value ≥ 0.25 were considered 

characteristic.

Results

According to the NMDS results, endangered species plots are clearly concentrated in the 

part of the ordination space associated with the vegetation of open-canopy oak forests (Fig. 

2). Several endangered species plots are located near the centroids of wetland vegetation 

(reed and tall-sedge beds, alder carrs, alluvial forests), whereas none is associated with 

shady oak-hornbeam forests, disturbed clearings and broad-leaved or coniferous plantations.

Regarding site conditions within the open-canopy oak forest, endangered species plots are 

characterized by higher light availability in the understorey and higher soil pH (Table 3). 

Besides, these plots have a higher herb layer cover, are more species-rich and have higher 

numbers of other endangered species. However, when numbers of endangered species are 

relativized by the total number of species or herb layer cover in the analysed plots, the 

significance of the differences between the endangered species plots and context plots 
decreases (Z = 2.233, p-value = 0.023 or Z = 1.3739, p-value = 0.1768, respectively).

Endangered species plots have higher numbers of characteristic species than context plots 
(Table 4). Many of these species are also characteristic of the endangered species plots in 

open-canopy oak forests (Table 5).

Discussion

Habitat requirements of the endangered species

We showed that the largest populations of the most endangered species in the studied former 

coppice are conspicuously concentrated in open-canopy oak stands on relatively base-rich 

soils. Even within open-canopy oak stands, the endangered species prefer sites with above-

average light availability such as canopy gaps, road margins and undisturbed clearings. 

These findings are in agreement with the knowledge of light requirements of the studied 

species, whose mean Ellenberg indicator value for light is 6.8, whereas none of the species 

has a value lower than 5 (Table 1). On this scale, value 7 is attributed to plants of well-lit 

places which also occur in partial shade, while value 5 represents semi-shade plants 

(Ellenberg et al. 1992).

Also species characteristic of the endangered species plots (e.g. Potentilla alba, Carex 
fritschii, Geranium sanguineum, Galium boreale and Anthericum ramosum) are light-
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demanding to semi-shade plants, many of which are diagnostic species of subcontinental oak 

forests of the Carici fritschii-Quercetum roboris association (Chytrý and Horák 1997; 

Roleček 2007). On the contrary, broadly distributed shade-tolerant and nutrient-demanding 

forest species such as Poa nemoralis, Mycelis muralis and Moehringia trinervia tend to avoid 

vegetation with the most endangered species. The results of the characteristic species 

analysis within open-canopy oak forests reflect the preference of the most endangered 

species for base-rich soils (Table 5). While endangered species plots are characterized by the 

presence of diagnostic species of subcontinental oak forests (i.e. a relatively basophilous 

vegetation type; Roleček 2013), the common acidotolerant grasses Anthoxanthum odoratum 
and Agrostis capillaris show preference for sites without endangered species, often classified 

as acidophilous oak forests.

However, our interpretation of the higher number of other endangered species (excluding the 

target species for which the plots were sampled) in endangered species plots remains 

cautious, as detailed analysis showed that the observed relationship may simply result from 

the higher number of plant individuals in these plots.

Generally, our results suggest that species endangered at the national scale may be 

considered endangered also in Dúbrava forest, because they are concentrated at favourable 

sites (high light availability, base-rich soils) which are prone to successional changes 

including spread of shading trees and invasive herb species (see below for details).

Our results are in agreement with the research conducted in Swedish forests (Berg et al. 

1994, 1995), where the majority of endangered vascular plant species occupies semi-shady 

(52%) and open (25%) habitats, in spite of the prevalence of shady habitats in the study area. 

In the same study, abiotic factors were found generally more important for endangered 

plants than for other organism groups compared (cryptogams, invertebrates, vertebrates), 

with high soil calcium content being the most important factor. This also agrees with our 

results. The habitat requirements of endangered species observed in our study further 

correspond to the ecological traits characteristic of critically endangered species in the 

Czech Republic in general (Gabrielová et al. 2013): they are mostly competitively inferior 

species confined to open, less productive habitats on base-rich soils.

Historical roots of the endangered diversity

Our results support the view that the abundant occurrence of endangered species is a legacy 

of the long history of traditional management in Dúbrava forest. This management kept the 

canopies open and created site conditions suitable for light-demanding species. Besides 

indirect evidence from written sources describing past forest use (Šmarda 1961; Szabó 

2013), we find support for this hypothesis also in old botanical literature. Formánek (1887) 

characterized the occurrence of the now critically endangered Gladiolus palustris at Dúbrava 

as ‘rather abundant in open oak scrub and on small forest meadows’. Hruby (1926) 

documented the open forest-steppe character of some parts of the forest with a photograph 

of a park-like stand with scattered oak standards, low scrub and open grasslands with the 

light-demanding grass Stipa capillata. The strikingly open character of many oak stands is 

moreover visible on aerial photographs of the area from the 1950s (http://

kontaminace.cenia.cz; last accessed 29 July 2015).
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It is notable that some of the studied endangered species (e.g. Carex buxbaumii, C. fritschii, 
Festuca amethystina, Gladiolus palustris and Thalictrum simplex subsp. galioides) are 

widely scattered in large parts of their distributional ranges. This pattern may result from the 

dynamics of their distribution during the Holocene, which should also be considered when 

interpreting their occurrence at Dúbrava. It is generally accepted that many ancient light- 

and base-demanding species, broadly distributed in Central Europe during the early 

Holocene, retreated from this region later on for different reasons, including i) the mid-

Holocene forest optimum acting as a bottleneck for light-demanding species (Lang 1994; 

Ložek 2007; Pokorný et al. 2015); ii) natural acidification of the environment (Iversen 1958, 

Pokorný and Kuneš 2005) and iii) various human-induced changes including direct habitat 

destruction and alteration of site conditions (Wood et al. 2000). However, some of the 

retreating species have survived at some sites and regions, thus their recent occurrences may 

be considered relicts of a former broader distribution (Grandcolas et al. 2014). It has been 

suggested that Dúbrava forest and its surroundings are such a long-term refugium for some 

of the studied endangered species (Roleček et al. 2015). This may particularly apply to 

species belonging to ancient species pools of central European forest-steppe (Chytrý 2012) 

and oligotrophic calcareous wetlands (Sádlo 2000). This hypothesis is supported by studies 

providing multi-proxy evidence for the persistence of open forest-steppe habitats during the 

mid-Holocene forest maximum in the south-easternmost Czech Republic (Hájková et al. 

2011; Kuneš et al. 2015). Similarly, open wetlands in this area show a long-term continuity 

(Rybníček 1983). A historical explanation may also apply to the observed preference of the 

endangered species for a high soil pH, as the ancient central European species pools have 

their origin in base-rich Pleistocene environments (Pärtel 2002; Chytrý et al. 2003; Ewald 

2003).

It may seem paradoxical that a forest could be a refugium for light-demanding species. 

However, as presented above, the history of European woods is variegated (Vera 2000; 

Rackham 2003; Kirby and Watkins 2015). We believe that natural and human-induced 

disturbances kept spaces open for light-demanding species from different taxonomic groups 

for centuries or even millennia, even if the composition of the tree layer fluctuated 

substantially (as evidenced for Dúbrava by pollen analysis, see Jamrichová et al. 2013). Only 

in the last centuries the situation changed, with decline of traditional forest management and 

broad-scale environmental change being the major causes (Kwiatkowska and Wyszomirski 

1988; Jakubowska-Gabara 1996; Müllerová et al. 2015). Dúbrava has also been affected by 

this development (Konvicka et al. 2008; Řepka 2009), but, probably thanks to its extent, 

diversity of site conditions and hardly changed tree layer structure in some parts, it has 

preserved the extraordinary richness in declining species. After all, continuity may be the 

key to its unique natural value.

Recent vegetation changes and recommended conservation measures

As already mentioned above, the oak forest vegetation in Dúbrava forest has experienced 

substantial changes in the past decades and this development seems to have accelerated 

recently. The observed changes are mainly connected to intensive forest management in 

some stands and absence of management in others, but also to broad-scale phenomena such 

as plant invasions and high game density. Based on the results of our research and relevant 
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literature data (Konvička et al. 2004; Konvicka et al. 2008; Řepka 2009; Hédl et al. 2010; 

Jamrichová et al. 2013; Vild et al. 2013; Müllerová et al. 2015), we have attempted to 

estimate the main threats to the endangered species populations at Dúbrava and to 

recommend measures to preserve them (Table 6). Although further studies are needed to 

assess the role of different threats and the effect of different conservation measures, we 

believe that our recommendations may aid the nature conservation authorities to create an 

effective management plan for this valuable site, as well as other sites of lowland open-

canopy oak forests.
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Fig. 1. 
Position of vegetation plots sampled in the study area. The forest is segmented into 

management units of different age, structure and tree species composition (grey lines). 

Empty circles (n = 47) indicate context plots placed randomly across eight major forest 

habitats. Full circles (n = 35) indicate endangered species plots, i.e. plots with the largest 

populations of the endangered species.
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Fig. 2. 
NMDS plot showing the position of vegetation plots with the largest populations of the 

endangered species in the context of all major vegetation types in the study area. Endangered 
species plots are represented by full circles, context plots by empty circles. Triangles 

represent centroids of plots belonging to one vegetation type. All open-canopy oak forest 

types (Pannonian thermophilous oak forests on sand, wet acidophilous oak forests and 

acidophilous oak forests on sand; see also Table 2) were included into oak forests. The plot 

shows that the largest populations of the most endangered species are concentrated in open-

canopy oak forests.
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Table 1

List of the studied endangered species, their conservation status according to the Czech Red List (Grulich 

2012), the number of plots sampled, and Ellenberg indicator values (EIVs) for light and soil reaction 

(Ellenberg et al. 1991). CR – critically endangered; EN – strongly endangered; x – indifferent; - – missing 

value.

Species Status Number of plots EIV Light EIV Reaction

Campanula cervicaria CR 2 6 8

Cardamine parviflora CR 2 8 7

Carex buxbaumii CR 2 8 7

Carex ericetorum EN 2 5 x

Carex fritschii EN 2 6 5

Cnidium dubium EN 2 7 6

Crepis praemorsa EN 2 6 9

Daphne cneorum CR 2 6 8

Equisetum hyemale EN 1 5 7

Festuca amethystina CR 2 6 8

Gladiolus palustris CR 2 8 8

Hieracium onegense EN 2 - -

Iris graminea EN 1 - -

Juncus atratus CR 2 8 7

Potentilla rupestris CR 1 7 6

Pulmonaria angustifolia EN 2 5 6

Scirpoides holoschoenus EN 2 8 7

Scorzonera purpurea EN 1 8 8

Tephroseris integrifolia EN 1 7 8

Thalictrum simplex subsp. galioides CR 2 8 8
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Table 2

List of habitats sampled for the context plots dataset. Habitat names and codes are adopted from the Czech 

habitat catalogue (Chytrý et al. 2010). Habitat L6.3 corresponds to Council Directive 92/43/EEC Annex 1 

habitat 91I0 (Euro-Siberian steppic woods with Quercus spp.).

Habitat code Habitat name Number of plots

L1 Alder carrs 4

L2.2 Ash-alder alluvial forests 6

L3.4 Pannonian oak-hornbeam forests 5

L6.3 Pannonian thermophilous oak forests on sand 8

L7.2 Wet acidophilous oak forests 2

L7.4 Acidophilous oak forests on sand 3

M1 Reed and tall-sedge beds 4

X9A Forest plantations of allochtonous coniferous trees 7

X9B Forest plantations of allochtonous deciduous trees 4

X10 Forest clearings 4
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Table 3

Comparison of the analysed variables between the subset of endangered species plots placed in oak forests, 

their margins and undisturbed clearings (n = 30) and the subset of context plots placed in open-canopy oak 

forests (n = 12). Medians with lower (left) and upper (right) quartiles (in brackets) are given. Results of the 

Mann-Whitney test (Z adj., p-value) are shown, with statistically significant differences (alpha = 0.05) in bold, 

marginally significant differences (alpha = 0.1) in italics.

Variable Endangered species plots Context plots Z adj. p-value

Canopy openness [%] (12.4) 14.3 (27.3) (9.7) 10.7 (12.8)  2.05 0.04

Soil water content [vol%] (12.7) 16.9 (18.1) (13.0) 15.7 (23.1)  1.56 0.12

Topographic convexity (-16) -4 (12) (-25) -11 (49) -0.20 0.85

Soil pH (H2O) (5.02) 5.34 (5.56) (4.48) 4.78 (5.37)  2.05 0.03

Ca [mg/kg] (556) 841 (1344) (511) 730 (949)  0.98 0.34

Mg [mg/kg] (59) 78 (121) (42) 58 (84)  1.17 0.25

C/N (14.2) 16.6 (18.0) (13.9) 15.8 (17.4)  1.46 0.15

P [mg/kg] (0.9) 2.2 (5) (0) 2.5 (6.9) -0.31 0.76

K [mg/kg] (55) 97 (125) (50) 72 (105)  1.38 0.17

Cover of shrub layer [%] (0.0) 0.0 (1.8) (0.0) 1.0 (12.5) -0.93 0.37

Cover of herb layer [%] (20) 35 (40) (6) 20 (33)  1.68 0.10

Cover of moss layer [%] (1.0) 1.0 (4.5) (0.0) 1.0 (2.0)  0.13 0.91

Stand age class (4) 12 (12) (6) 8 (12) -0.80 0.43

Number of species (17) 24 (28) (7) 12 (15)  2.73 0.01

Number of endangered species (1) 4.5 (6) (0) 0 (1)  2.80 0.00
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Table 4

Species characteristic of endangered species plots (left) and all other plots (right). Species are arranged by phi 

coefficient of fidelity. Species with phi ≥ 0.25 are considered characteristic.

Endangered species plots phi Other plots phi

Potentilla alba 0.59 Poa nemoralis 0.34

Carex fritschii 0.57 Moehringia trinervia 0.28

Geranium sanguineum 0.49 Mycelis muralis 0.26

Galium boreale 0.43

Anthericum ramosum 0.4

Betonica officinalis 0.39

Brachypodium pinnatum 0.36

Asperula tinctoria 0.36

Achillea millefolium agg. 0.34

Convallaria majalis 0.32

Filipendula vulgaris 0.32

Carex humilis 0.32

Serratula tinctoria 0.32

Polygonatum odoratum 0.31

Campanula rotundifolia agg. 0.31

Trifolium alpestre 0.29

Carex michelii 0.29

Poa palustris 0.28

Festuca rubra 0.26
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Table 5

Species characteristic of endangered species plots in open-canopy oak forests, their margins and undisturbed 

clearings (left) and all other plots in open-canopy oak forests (right). Species are arranged by phi coefficient of 

fidelity. Species with phi ≥ 0.25 are considered characteristic.

Endangered species plots in open-canopy oak forests phi Other plots in open-canopy oak forests phi

Potentilla alba 0.64 Anthoxanthum odoratum 0.47

Carex fritschii 0.61 Agrostis capillaris 0.29

Geranium sanguineum 0.53

Polygonatum odoratum 0.5

Anthericum ramosum 0.33

Betonica officinalis 0.27

Convallaria majalis 0.27
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Table 6

Possible threats to endangered species populations in Dúbrava forest, detrimental effects on these species and 

recommended conservation measures.

Possible threat Detrimental effect Recommended conservation measure

Clear-cutting Forest fragmentation; disturbance; spread 
of competitive species

Reduction of number of clear-cuts; reduction of clear-cut size; 
increasing number of standards; application of alternative 
silvicultural systems (selective cutting, gap cutting, shelterwood 
cutting, coppicing)

Site preparation Massive disturbance; damage to 
endangered species populations; spread of 
competitive species

Abandonment of site preparation

Oak plantations Disturbance; shading of understorey by 
dense young stands

Use of vegetative and natural generative regeneration; use of 
individual and group planting; early thinning of young stands

Pine plantations Disturbance; shading of understorey by 
dense young stands; soil acidification

Abandonment of pine plantations; early thinning of young stands; 
reduction of pine and support of desired admixed species (oak, 
birch, aspen)

Lime plantations Disturbance; shading of understorey; soil 
eutrophication

Abandonment of lime plantations; elimination of lime from 
protected stands

Absence of management Canopy closing and retreat of light-
demanding species; spread of lime, 
invasive trees and shrubs and associated 
habitat change

Opening up canopies using diverse measures: selective and gap 
cutting, coppicing, creating of treeless patches (glades) and strips 
along forest roads (rides)

Spread of invasive trees and 
shrubs

Shading of understorey and changed soil 
properties due to spread of Robinia 
pseudacacia, Prunus serotina and Acer 
negundo

Elimination of invasive trees and shrubs from protected stands 
and their surroundings

Spread of competitive herbs 
and grasses

Suppression of endangered and other 
characteristic understorey species due to 
competition from invasive and expansive 
species (mainly Arrhenatherum elatius, 
Aster lanceolatus, Calamagrostis epigejos 
and Solidago gigantea)

Control of soil disturbance; mowing, grazing or individual 
removal of competitive herbs and grasses

Overpopulation of wild boar Massive disturbance; damage to 
endangered species populations; 
subsequent spread of competitive species

Control of wild boar population; fencing of selected stands
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