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I. Introduction 

 

Natural forests possess high amounts of coarse woody debris (CWD) in all stages of decay 

and also high proportion of old, living trees with dead parts (Maser and Trappe 1984, Harmon 

et al. 1986, Ferris-Kaan et al. 1993, Peterken 1996, Csóka 2000). These different CWD types 

provide important habitats for a diversity of organisms, including fungi, bryophytes, lichens, 

invertebrates, amphibians, cavity nesting birds and small mammals (Maser and Trappe 1984, 

Harmon et al. 1986, Eckloff and Ziegler 1991, Ferris-Kaan et al. 1993, Samuelsson et al. 

1994, Esseen et al. 1997, Csóka, 2000; Siitonen 2001). 

In temperate European beech (Fagus sylvatica) forests fine scale gap dynamics, caused by the 

death of one or few canopy  trees, is the main form of natural disturbance, providing a 

continuous presence of dead wood of different size and decay categories over time (Korpel 

1995, Peterken 1996, Emborg et al. 2000, Standovár and Kenderes 2003). 

Present-day beech forests have artificial stand structure and disturbance regime, since humans 

have heavily influenced most European beech forest landscapes for centuries (Rose 1992, 

Peterken 1996,).. Many structural elements important for forest dwelling organisms, e.g. 

water bodies, veteran trees, dead wood, intermixing tree species, have decreased considerably 

both in quantity and quality (Christensen and Emborg 1996, Kirby et al. 1997). It has been 

estimated that availability of CWD have declined by 90-98% in the Fennoscandian region 

(Siitonen 2001). A similar decline is estimated (though not known with certainty) for  the 

European beech forest zone (Christensen et al. 2003).  

Fungi are the principal agents of wood decay in terrestrial habitats and hence they open up the 

wood resource for most other organisms living in dead wood (Boddy 2001). Wood inhabiting 

fungi constitute a highly diverse group of organisms. A large group of species are obligatorily 

associated with dead wood, as active wood decayers or mycoparasites, but also litter 

decomposing, mycorrhizal and bryophile species are associated with decaying wood 

(Heilmann-Clausen 2003). Decay stage appears to be the most important variable for 

understanding fungal community composition on decaying wood at the local scale, but also 

tree species, tree size, microclimatic conditions, death cause as well as the original position of 

the dead wood in the tree are key variables influencing species composition (Keizer and 

Arnolds 1990, Renvall 1995, Høiland and Bendiksen 1996, Lindblad 1998, Heilmann-

Clausen 2001, 2003, Heilmann-Clausen and Christensen 2003a, b, Heilmann-Clausen et al. 

2003). At the regional scale climatic conditions, soil type, tree species composition, continuity 



and management history have been identified as important variables influencing species 

diversity and community structure (Strid 1975, Mathiasen 1993, Bader et al. 1995, Sippola 

and Renvall 1999, Lindblad 2001, Nordén and Paltto 2001, Stokland 2001, Heilmann-Clausen 

and Christensen 2003c). At the continental European scale climatic regions are known to 

support distinctly different communities of wood inhabiting fungi, but also the actual tree 

species composition has a major impact on the species diversity, due to widespread host 

selectivity (e.g. Ryvarden and Gilbertson 1994). 

Among bryophytes many species occur on dead wood obligatorily (true epixyls) or 

facultatively (epiphytic, terricol and epilithic species). Successional studies focusing on one 

habitat type typically show a clear compositional change of bryophyte vegetation during the 

decay of trees (McCullough 1948, Söderström 1988a, 1993, Heilmann-Clausen et al. 2003, 

Ódor and van Hees 2004). The most important functional groups among dead wood dwelling 

bryophytes are epiphytes (occurring on bark), epixylic species (occurring on soft wood), 

terricol species, and opportunistic species (generally common species that occur in all stages 

of dead wood and on other substrates). Accidentally epilithic bryophytes and colonist species 

of mineral soil can occur at the base of dead trees. At the continental scale many bryophyte 

species have a relatively restricted distribution, hence phytogeographic and climatic factors 

are the major determinants of species composition (Barkmann 1958, Phillippi 1965, 

Hübschmann 1986, Marstaller 1986, Qian et al. 1999). At the regional scale other factors 

(forest types, management type, distance from water body, microclimate, tree species 

composition, soil/bedrock type) are highly important (McCullough 1948, Raschendorfer 

1949, Barkman 1958, Muhle and LeBlanc 1975, McAlister 1997, Aude and Lawesson 1998). 

For the pattern of forest herbs and tree regeneration gap dynamics (altering light, moisture and 

nutrient availability) is more important than the presence of dead wood (West et al. 1981, 

Collins et al. 1985, Schaetzl et al. 1989). Uprooting trees cause a special micro-disturbance on 

the forest floor (presenting pits and mounds), which has a considerable effect on the 

understorey (Schaetzl et. al. 1989). ). In the boreal region the regeneration of different 

coniferous species is often restricted to large logs (nurse-logs), which act as important 

seedbed (Harmon et al. 1986, Esseen et al. 1997, Hofgaard 2000). This phenomenon has 

much less importance in deciduous forests, where soil surface provides much better 

establishment site for tree seedlings than in boreal forests with dense mossy carpet on the soil 

surface. Generally there are very few forest herbs that use CWD as an obligatory substrate. In 

most forest types the same plants species occur on logs in later decay stages then on the forest 



floor, only in swamp forest flood sensitive species use logs as obligatory substrate (Dennis 

and Batson 1974).  

This study tries to reveal the successional changes in species composition of plants 

(bryophytes and vascular plants) and fungi during the decay of dead beech trees. It covers a 

wide geographical range of the distribution of beech in Europe investigating near-natural 

forest reserves in four countries (Slovenia, Hungary, The Netherlands and Denmark). In 

addition to studying the effect of decay on species composition other tree related factors (tree 

size, tree type, and light conditions) were also analysed. Because of the considerable 

differences in plant and fungi composition of different countries, these questions were 

analysed and discussed separately in the investigated countries, which make the basis of a 

general discussion describing general trends and regional differences compared among 

regions and organism groups. 

 

II. Material and Methods 

 

Study sites 

Altogether 17 forest reserves were selected for this study in Slovenia, Hungary, The 

Netherlands, and Denmark (Fig. 1). The criteria for site selection were the following: a) beech 

should be dominant and b) the sites should represent, as closely as possible, the best natural 

reference of beech forests for the region. In each country approximately 200 fallen dead trees 

were selected for the study. In Hungary and Slovenia two sites were studied, each represented 

by approximately 100 trees. In Denmark five sites were included representing four regions. 

Finally, The Netherlands is represented by eight sites with a variable numbers of studied trees.  

The investigated sites are described in detail in the country reports, but some of their general 

features (naturalness, age, stand structure, soil type and climate) are shown in Table 1. The 

amount of dead wood and its distribution among decay stages and size classes were measured 

in all sites using line intercept method for lying (logs) and plot inventories for standing  dead 

trees (snags) (Warren and Olsen 1964, van Wagner 1968). 



 

Country  Reserve Size 
(ha)

Age 
(yr)1 Other trees2

Living 
volume  
(m3/ha) 

CWD 
volume 
(m3/ha) 

No. of 
sampled 

trees 

DBH of 
CWD (cm)3

Decay 
stages of 
CWD4

Elevation 
(m) Bedrock Tave 

(°C)5
Tmin 
(°C)6

Tmax 
(°C)7

Precipitation 
(mm)8

Rajhenav (R) 51 old Abies alba 813 299 110 50 (17, 97) 1-6 865 limestone 7.7 -1.9 16.9 1579 Slovenia (S) Krokar (K) 73 old Abies alba 633 153 101 37 (10, 98) 1-6 1120 limestone 8.4 -1.6 17.8 1526 

Kékes (KEK) 63 old 
Tilia platyphyllos, Acer 

pseudoplatanus, A. 
platanoides 

454       99 97 55 (23, 125) 1-6 850 andesite 5.7 -4.7 15.5 840Hungary 
(H) 

Őserdő (ŐSE) 25           

          

200 - 765 164 110 66 (18, 135) 1-6 850 limestone 6.1 -4.1 15.5 896
Speuldebos 

(SB) 27 200 Quercus robur, Q. petraea 457 44 42 46 (25, 83) 1-4 42 sand 9.4 2.2 17.2 876

Drie (DR) 5 200 Quercus robur, Q. petraea 457 44          

          

            

         

          

         

21 51 (21, 90) 1-3 35 sand 9.4 2.2 17.2 876
Gortelsebos 

(GB) 15 200 Quercus robur, Q. petraea 507 66 11 62 (14, 95) 2,3 45 sand 9.4 2.2 17.2 873

Weversbergen 
(WB) 12 100 - 469 49 32 55 (18, 120) 1-3 80 loam-

sand 9.4 2.2 17.2 856

Wulperhorst 
(WH) 3 200 Quercus robur, Fraxinus 

excelsior, Carpinus betulus 701 72 44 68 (36, 120) 2-4 3 clay 9.4 2.8 17.2 827

Oostbroek 
(OB) 3 150 Quercus robur, Fraxinus 

excelsior - - 10 71 (57, 88) 2 2 clay 9.4 2.8 17.2 827

Dassenberg 
(DB) 12 200 Quercus robur, Q. petraea 402 63 37 67 (18, 105) 1-3 96 sand 9.4 2.2 17.2 906

The 
Netherlands 

(N) 

Amelisweerd 
(AW) 3          

         

150 Quercus robur, Fraxinus 
excelsior - - 5 73 (60, 90) 1,3 2 clay 9.4 2.8 17.2 827

Zoniënwoud 
(ZON) 80 150 Quercus robur, Quercus 

petraea 602 24 67 45 (15, 118) 1-5 105 loess 9.4 3.4 18.2 829
Belgium (B) Zoniënwoud - 

Kern (ZOK) 18             

             

220 - 794 139 125 69 (15, 117) 1-5 105 loess 9.4 3.4 18.2 829

Knagerne 
(KNA) 6 230 - 449 152 25 72 (27, 108) 1-4 80 sand 7.5 0 15.5 719

Velling (VEL) 24 275 - 489 114 25 53 (20, 93) 1-6 70 sand 7.5 0 15.5 839 

Suserup (SUS) 19 old Fraxinus excelsior, Ulmus 
glabra, Q. robur 674         

              

    

176 50 76 (24, 131) 2-6 20 loam-
sand 8.1 0.8 16.7 644

Møns 
Klinteskov 

(MON) 
25 350 - 201 100 50 48 (21, 86) 1-6 100 chalk 7.9 0.2 16.2 586

Denmark 
(D) 

Strødam (STR) 25 250 Q. robur 490 181 50 77 (21, 127) 1-6 23 loam-
sand 7.7 -0.5 16.2 697

 
Table 1. Stand structural and climatic features of the selected forest stands. 1Age since last cutting or plantation; old: the stand was never cut in the past. 2Tress 
with min. 5% stand volume besides beech. 3Mean diameter at breast height (DBH) based on the investigated dead trees, minimum and maximum are in brackets. 
4Minimum number of trees from the same decay stage is 3 from one site. 5Mean annual temperature. 6Mean temperature of the coldest month. 7Mean temperature 
of the warmest month. 8Annual precipitation.  



 

 

Dead tree selection and description 

Trees were selected using three criteria: decay stage, size (diameter at breast height: DBH) 

and soil contact. Different decay stages and size (DBH) categories were as evenly distributed 

among the selected trees per country as possible. It is proved from different forest types that 

these two features are very important factors, which influence species richness and 

composition of fungi and bryophytes (Söderström 1988a, Renvall 1995, Heilmann-Clausen 

2001, Ódor and van Hees 2004). Because of the absence of well-decayed trees in The 

Netherlands the later decay stages (4-6) are considerably underrepresented. Minimum 70% of 

selected logs should have had direct soil contact. Selected dead trees were described by the 

following characteristics: 

 

SITE: Nominal scale variable coding the forest reserve, where it was sampled.  

AVER.DP (decay stage): Ordinal scale variable described by using a 6-class system based on 

outer physical features of trees (presence of bark, branches, softness and surface of wood, 

shape of trunk, Table 2, Ódor and van Hees 2004). Most dead trees represent a mixture of 

different decay stages (decay is not homogenous at different parts of the tree), therefore the 

dominant decay class was used during the analyses. 

VOLUME: Ratio scale variable expressing tree size. The variable was calculated by the 

length of log, snag and major branches and repeated diameter measurements along them. 

BARK: Ratio scale variable describing the percentage of tree surface covered by bark. 

GAP: Binary scale variable describing whether the tree occurs in a large canopy gap or not. 

The minimum diameter of the gap was 150% of the height of surrounding dominant trees. 

SOIL: Ratio scale variable describing the percentage of the log length in direct contact with 

the soil. 

SNAG: Binary variable depending on the presence or absence of snag. 

CROWN: Binary variable depending on the presence or absence of crown. 

MOSS: Ratio scale variable expressing the relative moss cover on trees in percentage. It was 

not used for the analysis of bryophytes. 



 

 
Fig. 1. Geographic location of investigated forest stands. Abbreviation of sites is explained in 

Table 1. 



 
Decay stage Bark Twigs and 

branches 
Softness Surface Shape 

1 

intact or 
missing only in 
small patches, 
more than 50% 

present  
hard or knife 
penetrable to 1-
2 mm 

covered by 
bark, outline 
intact 

circular 

      

2 missing or less 
than 50% 

only branches 
(>3 cm) 
present 

hard or knife 
penetrable to 
less than 1 cm 

smooth, outline 
intact circular 

      

3 missing missing 

begins to 
become soft, 
knife 
penetrable to 1-
5 cm 

smooth or 
crevices 
present, outline 
intact 

circular 

      

4 missing missing 
soft, knife 
penetrable to 
more than 5 cm 

large crevices, 
small pieces 
missing, 
outline intact 

circular or 
elliptic 

      

5 missing missing 
soft, knife 
penetrable to 
more than 5 cm 

large pieces 
missing, 
outline partly 
deformed 

flat elliptic 

      

6 missing missing 

soft, partly 
reduced to 
mould, only a 
core of wood 

outline hard to 
define 

flat elliptic 
covered by soil 

 

Table 2. Description of decay stages (Ódor and van Hees 2004). 

 

Inventory of bryophytes, vascular plants and fungi 

For all investigated organism groups presence/absence (binary) data were recorded from trees. 

Bryophytes and vascular plants occurring on the selected trees were recorded in each country 

in summer and autumn 2001. The inventory included the log, the uprooting part of the log, the 

snag (if present), and the major branches of the crown (if present). The nomenclature used 

follows Corley et al. (1981) and Corley and Crundwell (1991) for mosses, and Grolle (1983) 

for hepatics and for vascular plants (Tutin et al. 1964-1980). All plants were identified at the 

species level with the following bryophytes were exceptions: Drepanocladus sp. (unidentified 

Drepanocladus specimens, separated from Drepanocladus aduncus and Sanionia uncinata, 2 

occurrences); Grimmia sp. (unidentified Grimmia specimen, separated from Grimmia 

hartmanii, one occurrence); Pottia sp. (unidentified Pottia specimen, one occurrence). The 

following pairs of species were not separated during the inventory: Plagiothecium 



denticulatum and P. ruthei, Plagiothecium nemorale and P. succulentum, Plagoithecium 

laetum and P. curvifolium, Plagiochila porelloides and P. asplenioides.  

Fungi were recorded on three occasions at each site in the period of 2000-2001. On each 

occasion, each fallen dead tree, including eventual snag and crown was inventoried for fungal 

sporocarps occurring strictly on dead wood. Sporocarps were either identified in the field or 

collected for microscopic identification. Within the basidiomycetes all morphological groups, 

excluding fully resupinate corticoid fungi, were included, while non-stromatic pyrenomycetes 

and inoperculate discomycetes with sporocarps regularly smaller than 10 mm were excluded 

from the ascomycetes. Nomenclature for fungi in general follows Hansen and Knudsen (1992, 

1997, 2000), but several special taxonomical works were consulted for certain groups (e.g. 

pyrenomycetes). 

The abbreviation and country level frequency of different species can be found in Appendix 1. 

for vascular plants, Appendix 2. for bryophytes and Appendix 3. for fungi. 

 

Data analyses in general 

Data from different countries were analysed and interpreted separately in country reports. 

Although similar methodology was used in different countries there are differences among 

them. The alterations from this general methodology are detailed in the country reports. 

 

The general structure of the data sets was explored by detrended correspondence analysis, and 

canonical correspondence analysis (DCA and CCA, Hill and Gauch 1980, Jongman et al. 

1987, Økland 1990) using CANOCO 4.5 (ter Braak and Šmilauer 2002). The data of fungi 

were analysed separately while that of bryophytes and vascular plants together. DCA was 

used for measuring the gradient length and the total inertia of the eigenvalues, while the 

importance of environmental variables and the scores of species along canonical axes were 

analysed by CCA. All species were included in the analyses, but in graphical interpretation 

common and low frequent species were separated. The deviation from randomness of the first 

axes and the whole analysis were tested by F statistics comparing the analysis of field data 

and permuted data by Monte Carlo simulation (ter Braak and Šmilauer 2002). Generally 

unrestricted permutations were used, however, if covariables were included into the analysis 

the permutations were made in blocks defined by covariables. During CCA the inertia of all 

environmental variables were tested separately (using F statistics based on Monte-Carlo 

simulations). Because SITE was an important factor in species composition, and local 

differences in species composition can overwhelm the effect of succession, the effect of SITE 



was analysed and interpreted in a separate CCA and in the case of the analysis of other 

environmental variables it was used as covariable. For the other environmental variables 

manual forward selection were used based on their marginal effects tested by F statisics. The 

effect of the environmental variables on species composition and the position of different 

species on the first three canonical axes were graphically interpreted. 



III. Country Reports 



 

Hungary (Ódor, P., Siller, I. and Standovár, T.) 

 

Site description 

The study was carried out in two near-natural beech dominated forest stands in Hungary: in 

the Kékes Forest Reserve (KEKES) and in the Őserdő Forest Reserve (OSERDO). Both sites 

belong to the inner ring of the north-western Carpathians. 

KEKES is a 63 ha stand that is located on the steep north-facing slope of peak Kékes in the 

Mátra Mountains. Elevation is between 700 and 900 m above see level, mean annual 

temperature is 5.7 °C (January: -4.7 °C, July: 15.5°C), annual precipitation is 840 mm. 

Bedrock is andesite, soil is nutrient poor shallow brown forest soil. Because of steep 

topography scree slopes and outcrops are characteristic. The stand is of old-growth character, 

it was never cut, other management activities were also unimportant. The stand structure is 

heterogeneous, regeneration gaps are characteristic, the age of large trees are more than 250 

yr. The stand is dominated by beech (Fagus sylvatica), but in rocky parts the proportion of 

sycamore (Acer pseudoplatanus), lime (Tilia platyphyllos) and witch elm (Ulmus glabra) is 

considerable. Because of the heterogeneous microhabitat conditions (soil thickness, steepness, 

microclimate) and long continuity of the stand this forest is a mix of different forest 

developmental phases and vegetation types. The amount of dead wood is 98.7 m3/ha, from 

which the proportion of logs is 86.6%. Fig. 1 shows the distribution of log volume among dbh 

(diameter at breast high) and decay phase categories. Understorey layer is scarce Galium 

odoratum, Mercurialis perennis, Dentaria bulbifera, Viola sylvestris and Oxalis acetosella are 

the most frequent vascular species, together with seedlings of Fagus sylvatica and Acer 

pseudoplatanus. Scree sites are dominated by Urtica dioica, Impatiens noli-tangere, Solanum 

dulcamara and Athyrium filix-femina. The moss cover on rocks and logs is high, dominated 

by Hypnum cupressiforme, Paraleucobryum longifolium, Grimmia hartmanii, Isothecium 

alopecuroides on rocks and Hypnum cupressiforme, Brachythecium velutinum, Lophocolea 

heterophylla on logs. 

OSERDO is a small (25 ha) stand situated on the plateau of the Bükk Mountains. Elevation 

ranges from 830 to 900 m a.s.l. Mean annual temperature is 6.1 °C (January: -4.1 °C, July: 

15.5°C), annual precipitation is 896 mm. Bedrock is limestone, soil is a shallow to medium 

brown forest soil. The terrain is rather flat with typical karstic topography. The stand is 

dominated by beech the proportion of associate trees (ash, sycamore) is unimportant. It has 

been managed and cut in the past, but it has been developed freely during the last 60 years 



The age of the dominant beech trees varies between 150-170 yr. Stand structure is 

heterogeneous with trees of different sizes, canopy gaps and regeneration patches. The 

amount of dead wood is 163.6 m3/ha, from which the proportion of logs is 84.2%. Fig. 2 

shows the distribution of log volume among dbh and decay phase categories. The shrub layer 

is nearly absent, but the forest floor is covered with carpets of herbs dominated by Galium 

odoratum, Glechoma hederacea and Hordelymus europaeus. The dominant bryophytes on 

limestone outcrops are Hypnum cupressiforme and Homalothecium philippeanum, and on 

logs Hypnum cupressiforme, Brachythecium velutinum, Lophocolea heterophylla, 

Pseudoleskeella nervosa and Pterigynandrum filiforme. 

 

Tree selection 

For this study 207 trees were selected: 97 from KEKES and 110 from OSERDO. It was an 

important selection criterion that trees of different size and decay categories get equal 

representation at the two sites. Because of site differences, the proportion of large trees and 

later decay phases is somewhat higher in OSERDO. However, the distributions of selected 

trees among decay phases (Fig. 3) do not differ significantly between the two sites (Mann-

Whitney U-test, p>0.05). Size of selected trees expressed in dbh (diameter at breast height, 

Fig. 4) and volume categories (Fig. 5) is significantly higher in OSERDO, than in KEKES (T-

test; dbh: t=2.99, df=205, p<0.01; volume: t=4.27, df=205, p<0.001). Average dbh (mean ± 

standard deviation in cm) is 65.9±27.3 in OSERDO and 55.4±22.3 in KEKES. 

 

Data analysis 

The analysis of the composition of bryophyte-vascular plants and fungi data did not altered 

from the general methodology. 



 

 

ig. 1. Distribution of log volume among decay phase and dbh (diameter at breast high in cm) 
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ig. 2. Distribution of log volume among decay phase and dbh (diameter at breast high in cm) . Distribution of log volume among decay phase and dbh (diameter at breast high in cm) 

0

5

10

15

20

25

10 20 30 50 70 90

dbh (cm)

%

 

F

categories in the Őserdő Forest Reserve. categories in the Őserdő Forest Reserve. 



 

ig. 3. Number of selected trees in different decay phase categories in the two selected sites. 
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OSERDO: Őserdő Forest Reserve, KEKES: Kékes Forest Reserve. The two samples do not 

differ significantly in decay phase distribution (Mann-Whitney U-test, p>0.05). 



 

ig. 4. Number of selected trees in different dbh (diameter at breast high in cm) categories in 
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the two selected sites. Average dbh is significantly higher in OSERDO (T-test; t=2.99, 

df=205, p<0.01OSERDO: Őserdő Forest Reserve, KEKES: Kékes Forest Reserve. 
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Fig. 5. Number of selected trees in different volume (m3) categories in the two selected sites. 

Average volume is significantly higher in OSERDO (T-test, t=4.27, df=205, p<0.001). 

OSERDO: Őserdő Forest Reserve, KEKES: Kékes Forest Reserve. 

 



Bryophyte and vascular vegetation 

 

Results and discussion 

The whole sample contained 66 bryophyte and 79 vascular species. The number of frequent 

species was 41 (20 bryophytes, 21 vasculars, frequency>20). Species richness was 47 for 

bryophytes and 60 for vasculars in KEKES, and 55 and 57 in OSERDO, respectively. 

Although the average cover of bryophytes and vasculars on trees do not differ between the 

two sites, the average species richness on trees is significantly higher in OSERDO than in 

KEKES (Table 1). In the case of bryophytes usually there is a clear positive correlation 

between the size (dbh or volume) and the species richness of the logs (Söderström 1988a, 

Kruys et al. 1999). Although the logs are larger in OSERDO, it can not decide from the data 

that the size effect or microclimatic factors cause the difference of log level species richness. 

In the case of vascular plants, the proportion of well-decayed logs (decay phases 5 and 6) are 

higher in OSERDO than KEKES (Fig. 3), which could be the reason of higher log level 

species richness in OSERDO. Vascular plants usually occur in the later decay phases (see 

later). 

The results of the Detrended Correspondence Analyses (DCA) of the whole data set showed, 

that the first three ordination axes explained 10% of the total variance of species. Gradient 

lengths in standard deviation units of species were between 3 and 3.6 on the first three axes. 

Since an unimodal species response was suggested along the main measured environmental 

variables (e.g. decay phases), Canonical Correspondence Analyses (CCA) was chosen to 

analyse the effect of environmental variables on species composition. 

When all measured descriptive variables of trees (environmental variables) were included in 

CCA, they explained 9.36% of total variance of species (conditional effect, Table 2). Because 

of the correlation among environmental variables this value is lower than the sum of their 

separate importance (marginal effect), which is 12.03%. When manual forward selection was 

applied, the decreasing order of importance for environmental variables was as follows: SITE, 

AVER.DP, VOLUME, GAP, SNAG, SOIL, BARK, CROWN. All these variables had 

significant effect to the model. The marginal effects of variables BARK, CROWN and SOIL 

were relatively high (1.78, 1.19, 1.34, respectively) but their conditional effects were low 

(0.59, 0.59, 0.74, respectively) because of their correlation with AVER.DP. 

The effect of location (variable SITE) on species composition was tested separately by 

including only this variable into CCA. As Fig. 6 shows, frequent (frequency>20) bryophyte 

and vascular species are separated more along the second axis than the first. The effect of 



SITE (first axis) is more pronounced on vascular species than on bryophytes. Most 

bryophytes have a central position along the first axes. Exceptions are Platygyrium repens, 

Plagiomnum cuspidatum and Rhizomnium punctatum, which are more common in OSERDO 

and Dicranum scoparium, Isothecium alopecuroides (mainly epilythic species), which are 

more frequent in KEKES. Most of the vascular species are more common in OSERDO 

(mainly Sanicula europaea, Hordelymus europaeus, Glechoma hederacea) or have a central 

position. Only ferns (Dryopteris filix-mas, Athyrium filix-femina) and Impatiens parviflora 

are more common in KEKES.  

The effect of other environmental variables on species composition was tested using variable 

SITE as a covariable. In this case the variance explained by SITE is excluded from the 

ordination. Table 3 shows the conditional effect and significance level of variables when 

manual forward selection was used in CCA. Variables SOIL and CROWN were excluded 

from the model, because their contribution to the model is not significant, and they are highly 

correlated with variables AVER.DP and BARK. The included environmental variables 

explained 5.34% of total species variance from which AVER.DP and VOLUME were the 

most important. The first three ordination axes explained 4.3% of total species variance and 

77.7% of species-environment relation. On the first ordination axis AVER.DP and BARK had 

the highest weighted correlation coefficients, on the second VOLUME and on the third GAP 

(Fig. 7). Variables AVER.DP, BARK and SNAG were correlated, since large bark cover and 

the presence of snag is more common in early decay phases (1-2). Frequent species were 

positioned mainly along the decay gradient (Fig. 7a). At one end (lowest decay values) mainly 

epiphytic bryophytes occur (list of species with increasing order along this gradient are: 

Orthotrichum stramineum, Paraleucobryum longifolium, Metzgeria furcata Platygyrium 

repens, Isothecium alopecuroides, Dicranum scoparium, Pterigynandrum filiforme). Species, 

which are indifferent or have a wide tolerance to decay, were positioned close to the centre of 

the gradient (in similar order: Plagiomnium cuspidatum, Pseudoleskeella nervosa, 

Brachythecium velutinum, Amblystegium serpens, Hypnum cupressiforme, Bryum flaccidum, 

Brachythecium salebrosum, Brachythecium rutabulum, Sanionia uncinata, Lophocolea 

heterophylla). The most common bryophytes of the region are among these species. Vascular 

species were positioned at the other end of the gradient (latest decay phases). Some epixylous 

bryophytes were also positioned at this part of the gradient: Plagiothecium denticulatum, 

Herzogiella seligeri, Rhizomnium punctatum. Several obligate epixylous bryophytes are 

missing (e.g. Riccardia species, Cephalozia and Cephaloziella species) or very rare in this 

sample (e.g. Tetraphis pellucida, Nowellia curvifolia, Fig. 7b), because of the relatively dry, 



continental climate (low air humidity). These species are more common in humid, ravine like 

sites. 

Vascular plants showed a narrower distribution along the decay gradient (Fig. 7a), most of 

these species were located at later decay phases. Only a few herbs were positioned close to the 

centre of this gradient (Impatiens parviflora, Glechoma hederacea, Geranium robertianum), 

which means that these species have a wider range along decay. Impatiens parviflora and 

Geranium robertianum can germinate at early decay stages in fissures of bark, still Glechoma 

hederacea can develop stolons from the intact soil to logs, but the rooting ramets are 

connected to the whole clone. 

In the case of frequent bryophytes, the effect of volume was not important comparing with 

that of decay gradient. However, frequent vascular species had much wider distribution along 

the volume gradient than along the decay gradient. Seedlings (Fagus sylvatica, Acer 

pseudoplatanus) and ferns (Dryopteris filix-mas, Athyrium filix-femina) definitely prefer high 

VOLUME values (Fig7a). 

The analysis of subordinate and rare species (frequency<20) along the first two ordination 

axes showed, that they occurred along a much longer gradient than frequent ones, mainly 

along VOLUME, but also in the case of AVER.DP (Fig. 7b). Several rare species preferred 

large trees, or their occurrences were strictly restricted to them. For this reason species 

richness is higher on large trees than on smaller ones, where only the frequent species occur. 

In the case of bryophytes the effect of tree size was more important for epiphytic species 

(Orthotrichum lyelii, Frullania dilatata, Neccera complanata, Dicranum viride, Anomodon 

viticulosus, Leucodon sciuroides). Positions of rare species in the ordination diagram were 

based on only a few occurrences. In many cases it is insufficient for characterising their 

ecological preferences. 

Effect of variable GAP, which was correlated with the third ordination axes, was more 

important for vascular species than for bryophytes both in the case of frequent (Fig. 7c) and 

rare (Fig. 7d) species. Most of the frequent bryophytes were concentrated around zero along 

the GAP gradient, only Sanionia uncinata, Platygyrium repens had high and Plagiothecium 

denticulatum had low scores. Among vascular species Urtica dioica, Impatiens noli-tangere 

and Athyrium filix-femina preferred gaps, whereas Dryopteris filix-mas, Acer platanoides 

seedlings and Moehringia trinervia were more common under shaded conditions. Most rare 

vascular species had more extreme positions along the GAP gradient (both ends) than rare 

bryophytes (Fig. 7d). 

 



Conclusions 

Among the investigated environmental variables SITE is the most important factor: species 

composition of the two investigated forests differs considerably. When SITE effect is 

excluded, the species are arranged along the gradients defined by decay phase (AVER.DP) 

and tree size (VOLUME). The importance of other measured factors is lower, bark cover and 

the presence of snags are highly correlated with decay phases. Bryophytes have a wide 

distribution along decay gradient (epiphytic, indifferent and epixylic species). Vascular 

species occur mainly on well-decayed logs. The effect of tree size (VOLUME) is more 

pronounced when rare species are also considered, especially for vascular and epiphytic 

bryophyte species. Vascular species are more responsive to light, so they have a wider 

distribution along the GAP gradient than bryophytes. 



 

 

mean±standard 

deviation in 

OSERDO 

mean±standard 

deviation in 

KEKES 

t-value p 

cover of bryophytes 8.80±14.6 10.83±16.3 0.944 non significant 

     

species richness of 

bryophytes 
11.13±5.4 7.27±4.4 5.572 p<0.001 

     

cover of vasculars 6.11±12.7 3.6±9.7 1.580 non significant 

     

species richness of 

vasculars 
7.83±5.8 4.16±4.1 5.166 p<0.001 

 

Table 1. Statistical comparison of the two sites (OSERDO and KEKES) based on mean cover 

and mean species richness of bryophytes and vascular plants on selected trees. 

 

  marginal effect conditional effect 

environmental variable scale type explained variance (%) explained variance (%) p 

SITE nominal, 2 categories 2.67 2.67 p<0.01 

AVER.DP ordinal, 6 categories 1.78 1.78 p<0.01 

VOLUME interval 1.63 1.34 p<0.01 

GAP presence/absence 0.89 0.89 p<0.01 

SNAG presence/absence 0.74 0.74 p<0.01 

SOIL CONTACT OF LOG interval 1.34 0.74 p<0.05 

BARK interval 1.78 0.59 p<0.05 

CROWN presence/absence 1.19 0.59 p<0.05 

SUM OF VARIABLES  12.03 9.36  

 

 

Table 2. Ranking environmental variables in importance by their marginal (left) and 

conditional (right) effects as obtained by manual forward selection in a CCA of bryophytes 

and vascular plants. 



 

ig. 6. Position of frequent (frequency>20) plant species along the first and second ordination 

 

F

axes of CCA. The CCA was based on the full data set including only SITE as environmental 

variable. The arrow shows the increasing effect of site OSERDO. The codes of species are 

based on the first three letters of genus and species names. 

 



 

environmental variable explained variance (%) p comment 

AVER.DP 1.78 p<0.01 

VOLUME 1.34 p<0.01 

GAP 0.89 p<0.01 

SNAG 0.74 p<0.01 

BARK 0.59 p<0.01 

included to the 

model 

CROWN 0.59 n.s. 

SOIL CONTACT OF LOG 0.59 n.s. 

excluded to the 

model 

 

 

Table 3. Ranking environmental variables in importance by their conditional effects as 

obtained by manual forward selection in a CCA of bryophytes and vascular plants using 

variable SITE as covariable. 

 



 

 

Fig. 7. Position of plant species along first three ordination axes of CCA. The CCA was based 

on the full data set including AVER.DP, VOLUME, GAP, SNAG, BARK as environmental 

variables and SITE as covariable. The codes of species are based on the first three letters of 

genus and species names. A: Positions of frequent (frequency>20) species along the first and 

second axes of CCA. The scales of axes were magnified by two times to show only the 

bordered part of Fig. 7/B. B: Positions of subordinate and rare (frequency<20) species along 

the first and second axes of CCA. C: Positions of frequent species along the first and third 

axes of CCA. The scales of axes were magnified by two times to show only the bordered part 

of Fig. 7/D. D: Positions of subordinate and rare species on the first and third axes of CCA. 



Fungi assemblages 

 

Results and discussion 

The whole sample contained 207 species, the number of frequent species (frequency>20) is 

34. Species richness was 97 in KEKES, and 110 in OSERDO, respectively. The average 

species richness on trees is 14.66 in OSERDO and 10.58 in KEKES, the difference between 

the two sites is significant (t=3.83, df= 205, p<0.001). Probably in the case of fungi the 

microclimatic differences between the two sites are more important in tree level species 

richness than size effect, as in the case of bryophytes. 

The results of the Detrended Correspondence Analyses (DCA) of the whole data set showed, 

that the first three ordination axes explained 6.4% of the total variance of species. Gradient 

lengths in standard deviation units of species were 2.7 on the first, 4.6 on the second and 6.4 

on the third axes. Since an unimodal species response was suggested along the main measured 

environmental variables (e.g. decay phases), Canonical Correspondence Analyses (CCA) was 

chosen to analyse the effect of environmental variables on species composition. 

When all measured descriptive variables of trees (environmental variables) were included in 

CCA, they explained 7.64% of total variance of species (conditional effect, Table 4). Because 

of the correlation among environmental variables this value is lower than the sum of their 

separate importance (marginal effect), which is 11.10%. When manual forward selection was 

applied, the decreasing order of importance for environmental variables was as follows: 

AVER.DP, SITE, VOLUME, BARK, GAP, SOIL, HERB, SNAG, MOSS, CROWN. From 

these variables AVER.DP, SITE, VOLUME, BARK, and GAP had significant effect to the 

model. The marginal effects of variables SOIL and CROWN were relatively high but their 

conditional effects were low and non-significant, because of their correlation are high with 

AVER.DP and BARK. 

The effect of location (variable SITE) on species composition was tested separately by 

including only this variable into CCA. As Fig. 8 shows, frequent (frequency>20) species are 

more separated along the second axis than along the first (SITE). Species preferring KEKES 

(positive values on the first axis) have higher variance on the second axis (other 

environmental factors) than species preferring OSERDO, in other words the species 

composition of trees is more heterogeneous in KEKES than in OSERDO. This difference 

could be explained by the higher microclimatic and topographic heterogeneity of the KEKES. 

Among the frequent species there are some fungi, which are highly specific to OSERDO, e.g. 



Lactarius subdulcis occurs on 55 trees, Mycena pelianthina occurs on 21 trees and there are 

restricted to the OSERDO. Species preferring KEKES also live in OSERDO. 

The effect of other environmental variables on species composition was tested using variable 

SITE as a covariable. In this case the variance explained by SITE is excluded from the 

ordination. Table 5 shows the conditional effect and significance level of variables when 

manual forward selection was used in CCA. The included environmental variables 

(AVER.DP, VOLUME, GAP, BARK) explained 3.93% of total species variance from which 

AVER.DP was the most important (1.87%). Variables HERB, SNAG, MOSS, SOIL and 

CROWN were excluded from the model, because their contribution to the model is not 

significant, and they are highly correlated with variables AVER.DP and BARK. The first 

three ordination axes explained 3.5% of total species variance (first 2.1%, second 0.7%, third 

0.7%) and 80.4% of species-environment relation (first 52.8%, second 18.1%, third 15.7%). 

The importance of first axis is much higher in species composition then the second and the 

third. On the first ordination axis AVER.DP and BARK have the highest weighted correlation 

coefficients (-0.92 and 0.97), on the second VOLUME and GAP (0.83 and 0.63), on the third 

all of the four variables have low correlation coeficients (between –0.36 and 0.31), so the 

third axis is excluded from the graphical interpretation (Fig. 9). Variables AVER.DP and 

BARK were correlated, since large bark cover is more common in early decay phases. 

Frequent species were positioned along the decay gradient (Fig. 9a), the effect of VOLUME 

and GAP are less important for their composition. 

Pleurotus pulmonarius, Inonotus nodulosus, Bjerkandera adusta, Trametes gibbosa, Datronia 

mollis, Calocera cornea, Oudemansiella mucida occur on logs in early decay phases (the list 

of species follow the increasing order of AVER.DP gradient). These species are less frequent 

than indifferent fungi and species of well decayed trees. Most of these species are ectotrophic 

pathogens colonising the woody material at wounds (Pleurotus pulmonarius, Inonotus 

nodulosus, Bjerkandera adusta, Oudemansiella mucida). After the living tissues of the inner 

bark and sapwood have died they are also able to continue to decompose the dead woody 

material, as saprotrophic fungi (Boddy 2001). The latent propagules of Trametes gibbosa can 

develop firstly as a mycoparasite of Bjerkandera adusta, but later it also has saprotrophic 

activities. Among these species of early decay phases there are only two true saprotrophic 

fungi: Datronia mollis and Calocera cornea. All of them are slow growing species, but they 

have a stress-tolerant character. They are able to exist in the woody material for long time, so 

they can also occur in middle and later decay stages with low dominance. 



Species, which are indifferent or has a wide tolerance to decay, were positioned close to the 

centre of the gradient (in similar order: Stereum hirsutum, Ischnoderma resinosum, 

Ganoderma lipsiensis, Coprinus silvaticus, Fomes fomentarius, Peziza micropus, Xylaria 

hypoxylon, Simocybe centunculus, Pluteus nanus, Kretschmaria deusta, Eutypa spinosa, 

Xerula radicata). The most common fungi (Eutypa spinosa, Fomes fomentarius, Kretschmaria 

deusta) are among these species. This is a very heterogeneous group of species concerning 

their biological function in decay. Stereum hirsutum, Xylaria hypoxylon, Eutypa spinosa, 

Kretschmaria deusta are stress-tolerant, long living species that very often make dry and hard 

infected columns in wood. Although they are early colonising species their optimum is at the 

middle decay phases because of their long lifetime in the wood. Stereum hirsutum and Eutypa 

spinosa are typical decomposers of the sapwood, which occur already in the living xylem with 

latent propagules. Ischnoderma resinosum, Ganoderma lipsiensis, Fomes fomentarius and 

Xerula radicata are ectotrophic pathogens, which can live later as decomposers. There are 

combative secondary colonisers with high competitive ability among them, as the cord 

forming Coprinus silvaticus and the less frequent Armillaria mellea or the non-cord forming 

Trametes versicolor and T. hirsuta. Simocybe centunculus and Pluteus nanus are also 

secondary colonisers, but their competitive ability is lower, they are specialist species with 

characteristic microsite demands (Krieglsteiner, G.J. 2000-2001). 

There are several species that prefer well decayed woody material; they are in the same order: 

Mycena renati, Marasmius alliaceus, Marasmius rotula, Pluteus cervinus, Mycena pura, 

Mycena crocata, Collybia peronata, Lycoperdon pyriforme, Galerina marginata, Mycena 

arcangeliana, Lactarius subdulcis, Mycena pelianthina, Mycena galericulata. Some species are 

also very frequent among them (Mycena arcangeliana, Marasmius alliaceus, Mycena crocata, 

Lycoperdon pyriforme). Comparing to the earlier groups these species have a more 

pronounced ruderal character: they can easily tolerate frequent, fine scaled disturbances and 

they tolerate wide ranges of different ecological conditions. Some of them are also important 

in the decomposition of litter and the organic material of soil (Mycena pura, Collybia 

peronata, Mycena pelianthina), and mycorrhizal fungi also occur among them (Lactarius 

subdulcis). 

The analysis of subordinate and rare species (frequency<20) along the first two ordination 

axes showed, that they occurred along a much longer gradient along VOLUME than frequent 

ones (Fig. 9b). Several rare species preferred large trees, or their occurrences were strictly 

restricted to them, and this size effect is equally important in species of different decay 

preference. Positions of rare species in the ordination diagram were based on only a few 



occurrences. In many cases it is insufficient for characterising their ecological preferences. 

GAP and VOLUME are closely correlated, because larger trees are able to create large 

canopy openings after falling. Although it is not clearly decidable by this analysis, it is 

supposed that in compositional heterogeneity on the second axes the effect of VOLUME is 

more important than GAP. 

 

Conclusions 

Among the investigated environmental variables decay status of the trees is the most 

important factor for the composition of fungi. Factors that are closely correlated with decay 

status (AVER.DP, BARK, SOIL, CROWN) explained the highest variance of species 

composition. The effect of SITE is less considerable and VOLUME is important only for rare 

species. In agreement with other studies (e.g. Boddy 2001) in earlier stages early colonising 

wound pathogens, and species with latent propagules are the most important, which usually 

have a stress-tolerant character. Secondary colonisers usually have higher competitive ability, 

and they can rapidly overgrow the pioneer species. These are the most common species, they 

dominate in middle stages, and their occurrences are less dependent of decay phases (they are 

indifferent or wide tolerant species to decay). In later stages more litter and soil decomposer 

and mycorrhiza species occur. They usually have a more pronounced ruderal character. The 

species composition of dead wood is less predicable in later stages of decay than in early ones 

(Renwall 1995, Høiland and Benediksen 1996, Heilmann-Clausen 2001). 



 

  marginal effect conditional effect 

environmental variable scale type explained variance (%) explained variance (%) p 

AVER.DP ordinal, 6 categories 1.9 1.9 p<0.001 

SITE nominal, 2 categories 1.1 1.0 p<0.001 

VOLUME interval 0.8 0.69 p<0.05 

BARK interval 2.0 0.81 p<0.001 

GAP presence/absence 0.7 0.56 p<0.05 

SOIL CONTACT OF LOG interval 1.3 0.56 n.s. 

HERB interval 0.8 0.56 n.s. 

SNAG presence/absence 0.6 0.56 n.s. 

MOSS interval 0.6 0.5 n.s. 

CROWN presence/absence 1.3 0.5 n.s. 

SUM OF VARIABLES  11.10 7.64  

 

Table 4. Ranking environmental variables in importance by their marginal (left) and 

conditional (right) effects as obtained by manual forward selection in a CCA of fungi. 

 

environmental variable explained variance (%) p comment 

AVER.DP 1.87 p<0.001 

VOLUME 0.69 p<0.05 

GAP 0.56 p<0.01 

BARK 0.81 p<0.001 

included to the 

model 

HERB 0.56 n.s.  

SNAG 0.56 n.s.  

MOSS 0.50 n.s.  

SOIL CONTACT OF LOG 0.56 n.s. 

CROWN 0.50 n.s. 

excluded to the 

model 

 

Table 5. Ranking environmental variables in importance by their conditional effects as 

obtained by manual forward selection in a CCA of fungi using variable SITE as covariable. 



Fig. 8. Position of frequent (frequency>20) fungi species along the first and second ordination 

axes of CCA. The CCA was based on the full data set including only SITE as environmental 

variable. The arrow shows the increasing effect of site OSERDO. The codes of species are 

based on the first three letters of genus and species names. 



 

ig. 9. Position of fungi species along the first and second ordination axes of CCA. The CCA 

 

F

was based on the full data set including AVER.DP, BARK, VOLUME, GAP as 

environmental variables and SITE as covariable. The codes of species are based on the first 

three letters of genus and species names. A: Positions of frequent (frequency>20) species. The 

scales of axes were magnified by two times to show only the bordered part of Fig. 9/B. B: 

Positions of all species without species codes. 

 



Comparison between the plant (bryophyte and vascular) and fungi assemblages on dead 

trees. 

The species pool of the two groups are different, the species richness of fungi is much higher 

(207) than plants (66 bryophyte and 79 vascular species). Fungi assemblages are richer in rare 

species, but the number of frequent species (frequency>20) is more similar (21 vascular, 20 

bryophyte and 34 fungi species). The composition of plant assemblages differ considerably 

between the two sites, this is the main factor from the investigated environmental variables. 

Although this site effect is also significant for fungi the effect of decay phase is much more 

pronounced than in the case of plants, decay is the major environmental factor for fungi. The 

presence of gaps (light conditions) considerably influence the composition of plants (mainly 

of vasculars), this factor is less important for fungi. The effect of volume has a similar effect 

in both investigated organism groups. It has a considerable effect for rare species (there are 

many species preferring large trees among them), but it does not influence the occurrence of 

frequent species (they are positioned along a decay gradient). This volume effect indirectly 

means that the probabilities of occurrences for rare species increase with tree size, and the 

species richness of large trees is higher. The major difference between plant and fungi 

assemblages is that the effects of the investigated factors (factors related to decay, habitat 

type, light conditions) are more or less balanced on plants, while the composition of fungi are 

determined mainly by decay related factors. 

Fungi play an active role in the decomposition of dead trunks, they are present already in the 

living woody material as parasitic fungi and latent propagules of decomposers. During decay 

there is a clear compositional change of fungi assemblages. Different species considerably 

determine the physical and chemical status of dead wood and the decomposition process 

(Boddy 2001, Heilmann-Clausen 2001). The connection between the status of dead woody 

material and species composition is much more direct in the case of fungi than plants. In the 

case of dead wood dwelling bryophytes the importance of different factors for species 

composition considerably depend on the spatial scale of investigation. In local studies 

concentrating to one site or one habitat type, the most significant factor is the decay status of 

coarse woody debris. The different species assemblages (like epiphytes, epixylic species, 

indifferent species, ground flora species) are more or less clearly separated (McCullough 

1948, Söderström 1988b, Ódor and van Hees 2004). In the case of landscape scale 

investigations, which include more habitat types (as this study), habitat type (forest type, 

microclimate type) is usually a more decisive factor of species composition than decay status 

of dead trees (Raschendorfer, 1949, Muhle and LeBlanc, 1975, McAlister 1997, Ódor and van 



Hees 2004). Large (continental or biome) scale investigations emphasise that the major 

species assemblages are connected to biomes or biogeoclimatic zones (Qian et al. 1999, 

Barkmann 1958, Phillippi 1965, Hübschmann 1986, Marstaller 1987). In the case of vascular 

plants non of the species in the investigated forests uses dead trees as obligate habitat. Most of 

these species are more common on the forest floor and use dead wood as alternative 

substrates. The species composition of vascular plants is determined mainly by habitat 

restricted factors (climate, soil conditions, light availability). Most of them can colonise dead 

trunks only in the latest stages of decay, so decay phase of trees is a minor factor in the 

variance of their species composition on dead wood. 

 

 

 

 



The Netherlands (van Hees, A.F.M., van Dort, K.W., Veerkamp, M.T. and Ódor, P.) 

 

Sites 

The number of dead beech trees in the Dutch forests is limited, even in the few strict forest 

reserves dominated by beech. To approximate the common starting point for the selection of 

the dead beech trees to be included in this study (a total of 200 trees, all decay classes 

represented and large trees included) the trees were selected in a total of 7 sites. A general 

description of these sites is given in Table NL1 and Table NL 2.  

 

Table NL 1. Abiotic conditions of the sites included in this study. 

 

Temperature 
Geographic 

position Site Code 
Parent 

material 
average Jan. July 

Precipi-

tation 

Eleva-

tion 
N E 

Pijpenbrandje SB sand 9.41 2.21 17.21 8761 42 52004' 5053' 

Drie DR sand 9.41 2.21 17.21 8761 35 52004' 5053' 

Gortel GB sand 9.41 2.21 17.21 8732 45 52004' 5053' 

Dassenberg DB sand 9.41 2.21 17.21 9063 96 52004' 5053' 

Weversbergen WB 
sandy 

loam 
9.41 2.21 17.21 8564 80 52004' 5053' 

Amelisweerd 

- Oostbroek 
AO clay 9.42 2.82 17.22 8275 2 52006' 5011' 

Wulperhorst WH clay 9.42 2.82 17.22 8275 3 52006' 5011' 

Temperature (oC) over 1971-2000 from weather station Deelen 1), De Bilt 2)  

Precipitation (mm) over 1971-2000 from weather station Putten1), Vaassen2), Apeldoorn3), 

Deelen4), De Bilt5)

 

Two sites are located on clayey soils. The beech forests on these sites represent the 

mesotrophic beech forests in NW-Europe (Alno-Padion, sensu Stortelder et al, 1999). The 

majority of the sites are located on sandy soils. These beech forests represent the acid beech 

forest in NW-Europe (Deschampsio-Fagetum, sensu Hommel et al, 1999).  

 

 



 

 

 

 

 

Table NL 2. Stand characteristics of the sites included in this study. 

 

Volume (m3 ha-1) 

Sit

e 

Area 

(ha) 
Tree species 

Age of  

trees 

(yrs) 

Livin

g 

 

Standing 

dead 

Lying 

dead 

SB 27 beech (oak) 

DR 5 beech (oak) 

80 – 

2201) 4571) 11.41) 32.71)

GB 15 beech (oak) 
100 – 

200 
507 8.6 57.9 

DB 12 beech (oak) 135 –240 402 18.8 44.0 

W

B 
12 beech 100 469 1.4 47.9 

AO 3 beech (oak, ash) 130-150 ? ? ? 

W

H 
3 

beech (oak, ash, 

hornbeam) 

100 – 

250 
701 ? 71.8 

1) Data from SB are used for DR. These reserves have a similar history and are part of the 

same management unit. 

 

With the exception of the site Amelisweerd-Oostbroek all sites are designated as a non 

intervention reserve or as a minimum intervention reserve since the last decade of the 20th 

century or earlier.  

 

Pijpebrandje (SB), Drie (DR), Gortel (GB) and Dassenberg (DB) are beech reserves 

established in the 1970’s (SB and DR) or the 1990’s (GB and DB). These reserves represent 

the semi-natural beech forests on sandy soils, which have evolved from the mediaval oak 

dominated woodlands. The beech trees may either have established naturally or have been 

planted. The estimated age of the beech trees range in all four sites from 100 to more then 200 



years. SB and DB are managed as a non-intervention reserve, while DR and GB are managed 

as a minimum intervention reserves. In DR the few and scattered ancient oaks (Quercus 

petraea) are preserved by eliminating competing beech trees. In GB a few stems of wind 

blown beech trees have been harvested. Weversbergen (WB) is the only reserve, which had a 

history as a Scots pine plantation. In 1860 an old plantation of oak (Quercus robur and Q. 

petraea) was cut and replanted with Scots pine. The Scots pine plantation has been 

traditionally managed and harvested at the beginning of the 20th century. In 1901 the beech 

has been planted on this clear felled site. In 1991 the beech stand was designated as a strict 

reserve. Little is known about the history of the reserve Wulperhorst (WH). The reserve is 

part of a small estate, which was purchased by the state forestry service in 1985. Since then 

the reserve has been managed as a non-intervention forest. The stand is estimated to be 100 to 

250 years old and is dominated by beech with an admixture of oak (Q. robur), hornbeam 

(Carpinus betulus), ash (Fraxinus excelsior) and maple (Acer pseudoplatanus). Amelisweerd-

Oostbroek (AO) are also parts of (former) estates. The sites are managed extensively, aiming 

at the development of an uneven-aged mixed broadleaved forest with a number high quality 

trees for production and a number of dead trees for biodiversity. 

 

Selected trees, data collection and analysis 

A total of 198 trees have been selected for the study of species composition on dead wood. An 

overview of the selected trees is given by the figures NL 3 and NL 4. A total of 59 trees 

(30%) were selected on the clayey sites (WH and AO). The remaining 70 % were selected on 

sandy sites (SB, DR, GB, DB, WB). Until recently dead wood was absent and as a 

consequence severely decayed beech wood was rare. Over 91% of the selected trees belonged 

to the decay phases 1 to 3. The remainder 9 % showed decay phases 4 and 5. Trees with a 

decay phase 6 were absent. The dbh of the selected trees ranged from 14 to 120 cm and 96 % 

had a dbh between 20 and 100 cm. 

 

Table NL 3. Distribution of the selected trees according to decay phase. 

 

Decay phase 
Sites 

1 2 3 4 5 6 
Total 

SB 4 11 20 5 2 - 42 

DR 8 7 4 1 1 - 21 



GB - 6 4 1 - - 11 

DB 6 15 12 - - - 33 

WB 7 9 14 2 - - 32 

AO 1 9 5 - - - 15 

WH - 19 20 4 1 - 44 

 

Table NL 4. Distribution of the selected trees according to DBH (cm) and decay phase. 

 

Decay phase DBH class 

(cm) 1 2 3 4 5 6 
Total 

< 20 -  2 1 - - 3 

20 – 39 4 9 17 5 2 - 37 

40 – 59 8 22 23 - 1 - 54 

60 – 79 10 26 22 5 1 - 64 

80 – 99 4 18 14 - - - 36 

> 100 - 1 1 2 - - 4 

all 26 76 79 13 4 0 198 

 

The data on vascular plants and bryophytes were collected autumn 2000 and summer 2001. 

The data on fungi were collected in autumn 2000 (one round in September/October) and 

autumn 2001 (two rounds; August and November).  

 

The data were analysed with the software package CANOCO 4 (Ter Braak en Šmilauer, 

1998) following the general methodology. Prior to the analysis the calculated volume of the 

dead wood was logarithmic transformed. 

 

Results 

Bryophytes, lichens and vascular plants 

A total of 56 bryophytes, 30 lichens and 19 vascular plants are found on 198 dead beech trees. 

Only a few species occur on 6 or more dead trees (see figure NL 1). Of the less common 

species some are of particular importance as they are classified as red list species (Riccardia 

latifrons, Cladonia polydactyla, Cladonia digitata, Graphis scripta, Pertusaria hymenea, Porina 

leptalea, Thelotrema lepadinum, Cheanotheca chlorella and Lecanactis abietina) or rare 



species (Orthotrichum stramineum, Platygyrium repens, Rhytidiadelphus loreus, Ulota 

bruchii, Zygodon conoideus, Metzgeria furcata, Ptilidium pulcherrimum and Micarea 

lignarea; (see table NL 5).  

 

Table NL 5. Recorded rare bryophytes and lichens, including Red List species. 

 Fr
eq

ue
nc

y 

R
ed

 L
is

t 

ca
te

go
ry

 

N
um

be
r o

f t
re

es
 

Si
te

 

Bryophytes     

Orthotrichum lyellii Z - 2 SB GB 

Orthotrichum stramineum ZZ - 9 SB GB DB 

Rhytidiadelphus loreus Z - 1 SB 

Zygodon conoideus ZZ - 11 SB DB GB 

Riccardia latifrons 0 VN 2 WB 

Ptilium pulcherrimum Z - 2 WB 

Lichens     

Chaenotheca chlorella ZZZ GE 1 WB 

Cladonia digitata Z KW 1 GB 

Cladonia polydactyla ZZ BE 15 SB 

Cladonia pyxidata ZZ - 2 GB DB 

Graphis scripta ZZ BE 2 SB 

Lecanactis abietina ZZZ GE 3 SB 

Micarea lignaria Z - 1 SB 

Pertusaria hymenea ZZ BE 1 GB 

Porina leptalea ZZZ BE 1 SB 

Thelotrema lepadinum ZZZ BE 3 SB 

 

Codes according to Dutch Red Lists (Aptroot et al. 1998a, Siebel et al. 2000) en ‘Checklist 

van de Nederlandse lichenen en lichenicole fungi’ (Aptroot et al. 1999) en ‘Standaardlijst van 

de Nederlandse blad-, lever- en hauwmossen’ (Dirkse et al. 1999). 

 

Criteria Frequency: 



0 Absent 

z Present in 84-209 squares 

zz Present in 17-83 squares 

zzz Present in less than 17 squares 

 

Criteria Red Lists: 

- Presently not threatened 

GE Susceptible 

K

W 

Vulnerable 

BE Endangered 

VN Extinct 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure NL1. Frequency of species (bryophytes, lichens and vascular plants) 
on dead beech trees. 
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 Figure NL2. Number of species (bryophytes, lichens and vascular plants) 
on dead beech trees. 
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The number of species per dead tree varied considerably (see figure NL 2). On 31 dead trees 

no bryophytes, lichens or vascular plants were found while on 3 trees more then 25 species 

occurred. The average number of species was 7.7 per dead tree. 

 

Detrended Correspondence Analysis (DCA) of the bryophyte, lichen and vascular plant data 

shows that the length of gradient on the first and second axis is 5.9 and 5.4 respectively. 

Based on these lengths of gradient the relationship between species and environmental 

variables is studied with Canonical Correspondence Analysis (CCA).  

 

A first CCA shows that the differences in species composition between the sampled dead 

trees primarily can be attributed to the differences between sites. Sites alone explain 9.7 % of 

the species data. The analysis shows a differentiation between the clayey sites (WH and OA) 

and the sandy sites (DB, DR, SB, GB and WB), and within the sandy sites between the sites 

DB and WB. The clayey sites are characterised by juveniles of Sambucus nigra, Fraxinus 

excelsior and Ilex aquifolium, Urtica dioica and the bryophyte Atrichum undulatum. The 

differences between the sandy sites are associated with the preference of Zygodon conoideus, 

Leucobryum glaucum and Campylopus flexuosus for Dassenberg and the preference of 

Dicranum tauricum, Herzogiella seligeri, Pinus sylvestris and Brachythecium salebrosum for 

Weversbergen. 

 

A second CCA was performed with the sites as covariables. Summary data of the partial CCA 

is presented in Table NL 7. This partial CCA showed a significant effect of average decay 

phase (AVE DP), volume (VOL), diameter at breast height (DBH), SNAG and GAP (see 

table NL 6). These five variables together could explain an additional 3.7 % of the species 

variation. This percentage of 3.7 % seems to be very low, but is quite common for binary data 

(Ter Braak  and Šmilauer, 1998) 



 

Table NL 6. Selected variables and their significance (partial CCA). 

 

Variable Abbreviation P-value 

Average decay phase AVE DP 0.002 

Gap GAP 0.004 

Diameter at breast height DBH 0.016 

Volume VOL 0.008 

Snag SNAG 0.026 

 

 

AVE DP is correlated primarily with the first environmental axis (weighted correlation 

coefficient of 0.844) and DBH with the second axis (weighted correlation coefficient of 

0.594). DBH and VOL are strongly correlated (weighted correlation coefficient of 0.832), but 

the correlation of VOL with the second axis is low (weighted correlation coefficient of 0.209). 

The variables GAP and SNAG were correlated primarily to the third axis (weighted 

correlation coefficients of  -0.647 and 0.527 respectively). GAP is also correlated with the 

fourth axis (weighted correlation coefficient of 0.717). 

 

Table NL 7. Summary data of the partial CCA. 

 

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.122 0.091 0.085 0.065 

Species-environment correlations 0.693 0.555 0.706 0.684 

Cumulative percentage variance of species data 1.1 1.9 2.7 3.3 

 

Figure NL 3 and 4 gives a biplot of the species and environmental variables on the first and 

second axis. AVE DP and DBH/VOL are the dominant environmental factors in this biplot. 

The projection of the species on the AVE DP arrow indicates that species characteristic for 

early decay phases are the bryophytes Ulota bruchi, Ortotrichum diphanum, Ortotrichum 

affine, Ortotrichum lyellii and Metzgeria furcata as well as the lichens Gyalideopsis 

anastomosans, Porina aenea, Lepraria lobificans and Dimerella pineti. Indicators for late 

decay phases are vascular plants as Vaccinium myrtillus, Dryopteris dilatata and Sambucus 



nigra, the bryophytes Campylopus introflexus, Politrichum longisetum, and Leucobrium 

glaucum, and the lichen Cladonia fimbriata.  
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Figure NL 3. Biplot of the first and second axis for the bryophyte, vascular 
igure NL 5 and 6 primarily gives a representation of the effects the difference in species 

omposition between dead trees in gaps and in the closed forest and the preference of species 

or partly standing dead trees (snags) as opposite to the lying dead which only consists of a 

og and branches. In this biplot of the first and third axis the dead trees in gaps are more 

ositioned on the lower part of the third axes (see figure NL 5).  

n additional analysis of species frequencies on dead trees in gaps and closed forests 

ndicates that species as Ortotrichum diphanum, Ulota bruchi, Campylopus introflexus, 

ampylopus pyriformus, Brachythecium salebrosum, Cladonia ramulosa, Cladonia 

oniocraea, Dicranum tauricum, Cladonia fimbriata, Pinus sylvetris (seedling), Plagiothecium 

aetum, Deschampsia flexuosa and Ceratodon purpurius have a preference to grow on dead 

rees in gaps. The majority of these species are positioned in the lower left part of the biplot 

see figure 4). Dead trees with a snag are situated more frequently on the upper (left) part of 

he third axis (see figure NL 6). Again an additional analysis was performed, which showed 

hat species as Dimerella pineti, Deschampsia flexuosa, Leucobryum glaucum, Bryum 



subelegans, Cladonia spec., Dicranoweisia cirriata, Campylopus flexuosus, Cladonia 

coniocraea, Cladonia ramulosa, Porina aenea, Gyalideopsis anastomosans, Metzgeria furcata, 

Lepraria lobificans, Ulota bruchii, Orthotrichum diaphanum, Zygodon conoideus and 

Dicranum tauricum are more frequently found on dead trees with a snag then on dead trees 

without a snag. These species are located in the biplot in the upper left and right part of the 

biplot and the lower left part of the biplot (see figure NL 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure NL 4. Biplot of the first and third axis for the bryophyte, vascular 
 

 

    

 

                                           

                                                                    

 

 

 

 

 

 

 

 

 
Figure NL 5. Distribution of dead trees in
gaps (cirkels) in biplot 4. 
     

 
Figure NL 6. Distribution of snags 
(cirkels) in biplot 4. 



Fungi 

A total of 157 species has been found on the 198 sampled dead trees. Only 67 species are 

common in this study and are found on 6 or more trees (see figure NL 7). A number of 11 red 

list fungi is found (see table NL 8). In addition to these red listed species we found species 

very rare or new to The Netherlands (Biscogniauxia nummularia, Camerops lutea, 

Ceriporiopsis pannocincta, Nemania chestersii, Phleogena faginea, Pluteus chrysophaeus). 

The number of fungi species per dead tree varied considerably (see figure NL 8). The average 

number of species per dead tree is 11.7, with a minimum of one fungus species per tree (5 

trees) and a maximum of 37 species per tree (2 trees). 

 

Table NL 8. Recorded species of the Red list of threatened and vulnerable species in The 

Netherlands (Arnolds and Van Ommering, 1996). 

 

Species Red List 

categorie 

number of

trees 

number of 

sites 

Ceriporia excelsa  SU 6 4 

Ceriporiopsis gilvescens SU 3 3 

Femsjonia pezizaeformis SU 2 2 

Ganoderma lucidum VU 1 1 

Hohenbuehelia auriscalpium SU 4 1 

Hohenbuehelia mastrucata VU 1 1 

Inonotus cuticulatus EN 1 1 

Inonotus nodulosus VU 13 5 

Laxitextum bicolor SU 2 2 

Mycena erubescens VU 2 2 

Mycena minitula EN 1 1 

Oxyporus latemarginatus SU 2 2 

Pleurotus dryinus VU 2 2 

Pluteus hispidulus SU 4 1 

Pluteus plautus EN 3 3 

Psathyrella fusca VU 2 2 

Psathyrella cotonea EN 1 1 

Psilocybe horizontalis SU 3 3 



SU = susceptible, VU = vulnerable, EN = endangered 

 

Fungi data have been analysed with DCA to estimate the length of gradients. This analysis 

yielded a length of gradients for the first two axes of 4.7 and 3.5 respectively. Based on these 

lengths the relation between fungi and environmental variables has been studied with CCA. 

 

The first analysis showed a clear effect of sites on species composition. Site alone explained 

6.7 % of the species variation. The first axis in this analysis separated the clayey sites from 

the sandy sites; differentiating species were Pluteus hispidulus, Mycena speirea, Pluteus 

chrysophaeus, Lycoperdon pyriforme, Polyporus badius and Armillaria lutea for the clayey 

sites and Phlebia radiata, Datronia mollis, Ceriporiopsis excelsa, Neobulgaria pura, 

Ascocoryne sarcoides, Antrodiella semisupina, Panellus serotinus and Bulgaria inquinans for 

the sandy sites. The second axis differentiated between the two clayey sites; characteristic for 

WH are Hohenbuehelia auriscalpium, Macrolepiota rhacodes and Marasmius rotula, 

characteristic for AO are Pluteus hispidulus, P. chrysophaeus and Lycoperdon pyriforme. 
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Figure NL7. Frequency of fungi species on dead beech trees studied. 
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Figure NL 8. Number of fungi species on dead beech trees studied. 



Again a second CCA was performed with sites as covariables. Summary data of this partial 

CCA is presented in Table NL 10. The partial CCA showed a significant effect of average 

decay phase  (AVE DP), percentage bark cover (BARK), the presence of branches 

(CROWN), percentage moss cover (MOSS), volume (VOL) and DBH (see also Table NL 9).  

 

Table NL 9. Selected variables and their significance (partial CCA). 

 

Variable abbreviation P-value 

Average decay phase AVE DP 0.002 

Percentage bark cover BARK 0.002 

Presence of branches CROWN 0.002 

Percentage moss cover MOSS 0.018 

Stem volume VOL 0.002 

Diameter at breast height DBH 0.032 

 

 

AVE DP and BARK are primarily correlated to the first axis with a weighted correlation 

coefficient of 0.8750 and –0.8708 respectively. These factors are correlated (weighted 

correlation coefficient of –0.6987) indicating that a high bark coverage corresponds with an 

early decay phase.  The second axis is correlated predominantly to CROWN (weighted 

correlation coefficient of –0.8064). Correlations of environmental variables with the third axis 

are low (range from –0.4675 to 0.3370), apparently no environmental variable is dominant on 

this axis. DBH is the main factor correlated to the fourth axis with a weighted correlation 

coefficient of –0.7305. 

 

Table NL 10. Summary data of the partial CCA for fungi. 

 

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.251 0.093 0.078 0.071 

Species-environment correlation 0.865 0.698 0.722 0.659 

Cumulative percentage variance of species data 2.2 3.0 3.7 4.3 

 

 



Figure NL 9 gives a biplot of the species and environmental variables on the first and second 

axis. AVE DP and BARK are the dominant environmental factors in this biplot. The 

orientation of these factors is opposite, expressing the negative correlation between the two 

factors. The projection on the species on the two arrows indicate that species characteristic for 

early decay phases and a high bark cover are Bulgaria inguinans,Chondrostereum purpureum, 

Schizophyllum commune, Clitopilus hobsonii, Neobulgaria pura, Hypoxylon fragiforme, 

Inonotus nodulosus, Bjerkandera adusta and Pleurotus ostreatus. Indicators for late decay 

phases and a low bark cover are Lycoperdon pyriforme, Mycena galericulata, Pluteus 

cervinus and Mycena arcangeliana. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure NL 9. Biplot of the first and second axis for the fungi data. 

 

 

 



Discussion and conclusions 

 

Despite the far from natural state and the relative short period of non management, the 

selected Dutch sites yielded a total of 56 bryophytes on dead beech wood. This figure doesn’t 

differ from those of Belgian (Van Dort and Van Hees 2000) and Danish beech forests, but is 

significantly lower compared with more natural forests in Hungary and Slovenia (Ódor and 

Van Dort 2002, Ódor et al. 2003), reflecting different management regimes and stand 

structure between countries. In The Netherlands the amount of dead wood is low, large dead 

trees are underrepresented and later decay phases sparse or missing. As a consequence 

epixylic specialists are rare. Calcicolous species are missing from Dutch sites because beech 

forests on calcareous substratum did not meet the selection criteria. 

Of the bryophytes found on dead beech wood in Dutch sites many species also grow 

terrestrial (opportunists sensu Siebel 1993). The increasing thickness of the layer of hardly 

decomposing dead leaves in beech forest has a negative influence on moss variety and cover. 

Most mosses take refuge on micro sites free of litter, i.e. on slopes, stumps, soil or on dead 

wood. Almost all terrestrial species characteristic of the Deschampsio-Fagetum (Hommel et 

al. 1999) were found on dead wood, among them Rhytidiadelphus loreus and the declining 

Leucobryum glaucum.  

 

Epiphytes on the not yet decayed bark of recently died beeches accounts for the high amount 

of lichens in the dataset. This group, especially abundant in SB, includes the ‘lichens of less 

altered sheltered woodlands’ sensu Rose 1992, see also Gilbert 2000: Graphis scripta, 

Thelotrema lepadinum, Pertusaria hymenea and Lecanactis abietina and the vulnerable 

bryophytes Orthotrichum stramineum and Zygodon conoideus (Barkman, 1969; Reijnders and 

Reijnders, 1969; Greven, 1992, Ludwig et al. 1996; Aptroot et al. 1998a and b; Van Herk et 

al. 2000a and b). The high proportion of Cladonia species in the sandy sites reflects the dry 

and light environment (Raschendorfer 1946). 

No specific dead wood species were found in the clay sites. In comparison to woods on sandy 

soils, clay woods are less diverse, e.g. Campylopus species, Dicranoweisia cirrata, Dicranum 

scoparium, D. montanum, Herzogiella seligeri, Isothecium myosuroides and Cladonia species 

are missing.  

Some big logs in a later decay phase remain without any moss cover. In most cases the fungus 

Eutype spinosa prevents bryophytes from colonising the wood. It causes very hard black 



wood (melanized wood) and temporarily stops succession towards more advanced stages of 

decay. 

 

2- Many bark inhabiting bryophytes and lichens (corticolous species sensu Siebel 1993) 

appear on the left of the biplot (Figure NL 3). They are characteristic of decay phase 1 and 

disappear during the process of decay. It is not surprising to find many indifferent species in 

the centre and even on the right side of the biplot. It should be kept in mind that the sample 

unit in this project is the whole tree. Moreover every tree is assigned to only one 

(average/dominant) decay class, though different parts may actually show different stages of 

decay, especially when part of a log is in contact with the soil. A range in decay phase of 1 to 

4 has on occasion been noted on one single tree. Thus the composition of species is dependant 

on homogeneity of decay. Some corticolous species are able to survive on patches of bark 

persisting on the tree through later decay stages. This feature also accounts for the somewhat 

out of place position of Campylopus introflexus and Cladonia fimbriata in the biplot (Figure 

NL 3). Both show preference for later decay phases but actually occur on the less decayed 

parts of the tree. Likewise the epixylic Tetraphis pellucida appears too far to the left. Among 

the selected trees the later decay phases are under represented. As a consequence epixylic 

species are relatively rare. Only 4 obligate epixylic species are present. This figure seems very 

low, but accounts for a considerable proportion of the Dutch lignicolous bryoflora wich 

consists of only 11 species (Siebel, 1993). Bücking et al. (2001) found 11 bryophytes on dead 

wood of beech in two German reserves. Over the last few years the number of lignicolous 

species (Herzogiella seligeri, Nowellia curvifolia and Micarea prasina) and their occurrences 

show a positive trend in The Netherlands, an effect of the increase in old forest substratum, 

e.g. decaying wood (Müller 1993). Significant is the rediscovery of Riccardia latifrons in WB 

(Van Dort 2002). It also shows dispersion is not limited for this species (see Frisvoll and 

Prestø 1997). 

A humicolous-terricolous stage is almost totally lacking. Accordingly vascular plants play an 

unimportant role. 

Most terrestrial species appearing in the centre of the biplot are restricted to the transition 

between the stem and soil from the uproot, though Mnium hornum, Polytrichum formosum 

and Isothecium myosuroides also grow on the wood itself. Most of the selected dead trees 

belong to the smaller volume class, a situation typical for most Dutch woodlands including 

the selected reserves. Some wood inhabiting species prefer old woodland with large trees 



(Andersson and Hyttebron 1991; Frisvoll and Prestø 1997; Harmon et al. 1986). As a 

consequence epixylic specialists are missing from the Dutch dataset.  

The factor light doesn’t seem to affect species composition. No species show clear 

preferences to GAP. The same conclusion can be drawn from the biplot for the factor SNAG. 

 

A different attitude to forest management (Van der Jagt et al. 2000) leading to the increase in 

decaying wood coincides with the already noted increase in The Netherlands of lignicolous 

species, such as Aulacomnium androgynum, Dicranum montanum, Nowellia curvifolia, 

Riccardia latifrons and Herzogiella seligeri (Dirkse 1998; Nebel and Philippi 2000), and the 

rediscovery of Riccardia latifrons (Van Dort 2002). Eventually also logs with great 

dimensions will become available as a substratum. As a consequence the humicolous-

terricolous stage of decay and the role of epixylic specialists and vasculars will become more 

important. Dead wood thus acts as an important refugium and accounts for a rich bryoflora in 

the beech reserves.  



Slovenia (Kraigher, H., Grebenc, T., Kutnar, L., Ódor, P., van Dort, K.W., Piltaver, A., 

Jurc, D., Kosec, J., Matocec, N. Rupel, M. and Smolej, I.) 

 

Material and methods 

 

Site description 

Two sites were chosen for CWD studies, both in the north-western part of Dinaric Mountains, 

near Kočevje in southern Slovenia. The first one, named Rajhenavski Rog, lies in the middle 

of a largest forest area, the second, named Krokar, at the border of Croatia. As secondary 

virgin forests (as defined by HARTMAN 1999), they are important parts of the forest reserve 

network in the country (MLINŠEK et al. 1980) (Figure 1).  

 

•
•

Krokar Rajhenavski Rog

 

The  is montane Dina tion of about 1.500 

mm. Stand structure, regeneration, and spatial distribution of forest developmental phases 

hav in th ves in detail,  1999, 

2000a, 2000b). Phyto-sociological relations of ground flora of both reserves have also been 

 

Figure 1:  The locations of the two forest reserves in southern Slovenia 
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Table 1:  Physical and ecological characteristics of the sit

 

Physical characteristics  Ecological characteristics  

Area  51,3 ha   

Sampled area  3,20 ha Annual average 7,7 °C 

temperature  

Longitude. E  15° 01´ Coldest month (January)  -1,9 °C 

Latitude  N  45° 40´ Warmest month (July)  16,9 °C 

Altitude  852-905 m (865 m) Average annual 

precipitation  

1.579 mm 

 

Parent material: limestone (cretaceous period) 

ago and in 1948 at the border zone 

f reserve, when 7 % of growing stock was cut. In the 1980’s it was officially declared to be a 

 to the Dinaric fir-beech forest (Omphalodo-

agetum (Treg. 1957, corr. Puncer 1980) Mar. et al. 1993) (PUNCER / ZUPANČIČ 1970, 

UNCER et al. 1974, PUNCER 1980), which can be divided to different sub-associations 

i, -festucetosum altissimae, -mercurialetosum perennis, -aceretosum). 

ndi inate. 

Soil type (FAO 1988): eutric cambisols and rendzic leptosols 

Continuity (HARTMAN 1999): Rajhenavski Rog was treated as a forest reserve and taken out 

of use in the year 1894, when the first management plan was made. Before that, it was virgin 

forest. There were only minor fellings about hundred years 

o

forest reserve. 

 

The investigated part of Rajhenavski Rog belongs

F

P

(e.g. -galietosum odorat

 

The site co tions are relatively uniform and mesophilic species predom



Actual stand composition: Composed of silver fir and beech (60 %: 40

resp e i n 1 % of oth  and lime. 
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Krokar Forest Reserve 

 

Table 2:  Physical and ecological characteristics of the site Krokar. 

 

Physical characteristics  Ecological characteristics  

Area  72,8 ha   

Sampled area  2,88 ha Annual average 

temperature  

8,4 °C 

Longitude. E 14° 46´ Coldest month (January) -1,6 °C 

Latitude. N 45° 33´ Warmest month (July)  17,8 °C 

Altitude. 840-1.170 m (1.120 

m) 

Average annual 

precipitation  

1.526 mm 

 

Parent material: dolomite, limestone 

Soil type (FAO 1988): eutric cambisols and rendzic leptosols 

Continuity: In the earliest forest management plan in the year 1894, the forest reserve Krokar 

was taken out of use and treated as a forest reserve. Before 1894, it was virgin forest. It was 

closed to public until 1990 due to protective military use. The Krokar Reserve has already 

been described by HOČEVAR et al. (1985, 1995). Based on this study and the fact that the 

nly floristic element differentiating between mountain beech forest and Dinaric fir-beech o

forest is Abies alba (MARINČEK et al. 1983), we could describe the selected site as a 

transition zone between Pre-Dinaric mountain beech forest and Dinaric fir-beech forest. 

 



According to further studies (SURINA 2001, 2002, ACCETTO 2002) the fir-beech forest was 

classified as Omphalodo-Fagetum (Treg. 1957, corr. Puncer 1980, Mar. et al. 1993) var. 

geogr. Calamintha grandiflora Surina 2001, subvar. geogr. Campanula justiniana Accetto 

002, forma Adenostyles glabra Accetto 2002. In this part, different sub-associations of this 

cal sub-variant are present (ACCETTO 2002). 

 (Tomažič 1958 nom. nud.) Accetto 2002 var. Erythronium dens-

anis. In a deeper sinkhole, phytocoenoses of the association Stellario montanae-Fagetum 

upančič 1969 Mar. et al. 1992) lunarietosum redivivae Accetto 2002 are present. 

2

geographi

On this part of the Krokar Reserve, the beech forest on a narrow zone behind the rock faces 

above the Kolpa valley was classified as Allio victorialis-Fagetum (Tomažič 1958) Accetto 

2002 caricetosum pilosae

c

(Z

 

Actual stand composition: The forest is composed of silver fir (Abies alba Mill., 9 %), beech 

(87 %) and maple (Acer pseudoplatanus L., 4 % of growing stock). Growing stock in 1995 

was 672 m3/ha and total basal area about 56 m2/ha.  

 

CWD-quantity (HARTMAN 1999): In total area of the forest reserve the average number of 

all (beech and fir) dead trees per hectare is 284 (137 standing and 92 fallen). Dead biomass 

amounts to 153 m3/ha with 51 % share of beech. 

 

Methods 

For all activities in the virgin forest reserves a written permission had to be obtained from the 

Regional Unit of the Slovenian State Forest Service as the nature-conservation office 

responsible for the area. 

 

 

Selection of the CWD  

The selection of the CWD was carried out according to the agreed upon protocol, based on 

similar studies in the northern Europe (SIPPOLA / RENVALL 1999, HEILMANN-

CLAUSEN 2001). Only fallen dead trees (the remaining log was the first selection criteria) in 

the area were taken into consideration. All parts (snag (if remaining), log and crown parts) of 

CWD belonging to the same tree were marked as one reference tree. Selection was continued 

until the adequate number of trees was attained. Altogether 214 trees were selected in two 

sites - 101 trees in the Krokar forest reserve and 113 trees in the Rajhenavski Rog forest 

reserve. It was intended to attain an even distribution of trees over decay phase classes and 



diameter classes. For further inventories and studies in Rajhenavski Rog, sketches of all 

selected trees and their position were mapped and geo-referenced by GPS. In order to 

calculate the contribution of beech CWD to total dead biomass and nutrient storage in the 

analysed areas of the two forest reserves, all non-numerated beech and all silver fir CWD was 

also measured (as a time-transect for November 2001). 

 

Description of the selected CWD 

The unit of research was a fallen dead beech tree with its parts revealed in the field (snag, 

bole, branches, all together representing a single instance of CWD). Single pieces of selected 

dead trees were tagged (with a unique CWD number), measured (diameter of a tree at breast 

height when it was alive, lower and upper diameter of all pieces, length) and described 

(assessments of % coverage with bark, % of moss, % of herb, % of soil contact, notes on solar 

xposure (shaded, sunlit) and position (on the ground, partly in the soil, in the air). The tree or 

ttachment to the bole were counted and their mean diameter 

nd total length were measured. Volumes of single pieces were calculated as cylinders using 

gth and then summed 

 get volumes of tree parts and whole trees. Volumes of pieces in decay phases 1 to 4 were 

d from ured diam nd 6 d  and len  pieces 

sessed twice: first, the eters (dbh real) and lengths were measured; second, 

 diameters  parts  on the 

ground) as the ters (the lengths d started (dbh 

hypothetical). lumes were ined: i) the e (real volume) 

and ii) the es  of the CWD parts as if they had retained their dimensions 

without decaying (volume hypothetical).  

For the deca pon (based on 

SIPPOLA / RENVALL 1999 ANN-C 2001) as presented in Table 3. The 

cay phase was assessed as a  and a ree and 

all tree parts that were measured. 

 

Table 3: Description of decay phases (DP) (ODOR / VAN HEES 2004) 

e

its thinnest piece was measured down to the diameter of 10 cm. Parts of dead trees (snag, log, 

crown) were additionally described as an average (decay phase and also the span of decay 

phases of the part, % bark, % moss, % herb, % soil contact). The branches down to the 

diameter of 10 cm at the point of a

a

average diameter (average of maximum and minimum diameter) and len

to

obtaine

were as

 meas eters. For decay 

actual diam

phases 5 a iameters gths of

the  and lengths of r

 probable diame

 Consequently two vo

timated volume

emaining of the tree were

 were equal) bef

 obta

 estimated (after

ore the decay ha

 decayed volum

 traces

 

y status of CWD, the commo

, HEILM

n descriptions 

LAUSEN 

were agreed u

de n average s a span of decay phases for the whole t



 

cay 

phases 

and 

branches 

e de bark twigs Softness Surfac shape 

1 intact or 

missing only 

in small 

more 

than 50% 

present  

trate 1-2 

mm 

tline 

ircle 

patches, 

Hard or knife 

pene

Covered by 

bark, ou

intact 

c

2 missing or 

less than 50% 

only branches 

(>3 cm) trate less ct 

circle 

3 missing missing 

 

cm 

or 

revices 

present, 

outline intact 

more than 5 

cm 

small pieces 

missing, 

more than 5 

cm 

outline partly 

deformed 

 missing missing soft, partly 

d to 

outline hard 

to define 

flat eliptic 

covered by 

present 

Hard or knife 

pene

than 1 cm 

Begin to be 

soft, knife 

penetrate 1-5

c

Smooth, 

outline inta

smooth circle 

4 missing missing Soft, knife 

penetrate 

large 

crevices, 

circle or 

eliptic 

outline intact 

5 missing missing soft, knife 

penetrate 

large pieces 

missing, 

flat eliptic 

6

reduce

mould, only 

core of wood 

soil 

 

The position of selected trees in the forest reserve was determined by the use of GPS. The 

xact locations and orientations of fallen CWD in the research plot of Rajhenavski Rog are 

 

e

schematically presented in App. 1. 



All the data was written in a field form in which was also drawn a sketch of the CWD (all its 

parts) and a route from the nearest CWD (using the compass direction and distance). 

Additionally, all CWD of other tree species (mainly silver fir) were measured for calculation 

f total CWD volume per the sampled area. 

D  

ll inventories were made after common methodology as agreed upon within the project. The 

physical 

haracteristics of CWD. All databases (including those form the parallel studies, mapping of 

adient 

nalysis in the detrended unimodal response model. The data was detrended by segments. The 

o

 

 

Inventory of vegetation, mosses and fungi on CW

A

methodology and results are presented by KUTNAR et al. 2002, ODOR and VAN DORT 

2002, PILTAVER et al. 2002, prepared for ZbGL (vol. 69, 2002) and attached as app. 2, 3, 4. 

 

 

Database organization and statistics 

Several databases were made from CWD property data and chemical and 

c

fungi and vegetation on CWD) can be linked by a unique label. 

 

The databases were organized using EXCEL and Visual FoxPro. Correlations between 

physical characteristics of CWD and fungal, bryophyte of vascular plants occurrence was 

analysed by CANOCO programme as follows. 

 

The data sets for occurrence of fungi, vascular plants or mosses (species data) and for the 

description of the CWD (environmental variables) for selected CWDs from two sites in 

Slovenia (Rajhenav and Krokar) were used for the analyses with program package CANOCO. 

The ordination was applied to the species data in form of abundance of the set of the species 

(i.e. presence-absence) on the set of the sample. The variation in the species data was 

explained along the ordination axes by the environmental variables and covariables. 

 

In the first step the data set was analysed in the Detrended Correspondence Analysis (DCA). 

The environmental data was used to interpret patterns from all variation with indirect gr

a

species data was not transformed. The DCA was performed to estimate the length of the 

gradient in standard deviation units of species turnover.  

 



In next step and after the results of DCA, the species and environmental data were analysed 

by direct gradient analysis where the environmental data were used to extract patterns from 

the explained variation only – CCA (Canonical Correspondence Analysis) – direct gradient 

analysis using unimodal response model. The scaling was focused on inter-species distances 

with biplot scaling type. Again the data was not transformed. The automatic forward selection 

r environmental data was used to calculate the significance of the influence of each 

r on the distribution of species data. For testing of significance of the 

nvironmental data the Monte Carlo permutation test was performed for all environmental 

utations under reduced model with 1000 permutations. 

sed v and Krokar) which show 

ome differences in non-measured ecological characteristics. To minimise the influence of 

specific characteris  each of the v riables (RAJ and KRO) 

were used as covari naly  t bt  th fin re n el interpreted here. 

For analysis of vascular plants all three es f e p e imum, average and 

maximum decay ph t e  n ironmental variable 

defined as a product of all three est t c l s ssary for obtaining 

ignificant effect of decay phase on the distribution of vascular plants in ordination diagram. 
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Table 4:  Num er of all select  phase class

 

No. of trees in decay phase   

b ed trees in decay es 

Site  

Decay phase  1 2 3 4 5 6 Total 

Krokar 8 16 15 28 24 10 101 

Rajhenavski Rog 20 29 13 17 23 11 113 

Total  28 45 28 45 47 21 214 

 

Table 5: Distribution of all selected dead trees in diameter classes and decay phase 

classes 



 

Diameter class (cm) Decay phase  

< 31 31-45 46-60 61-75 > 75 

Total 

1 3 7 7 8 3 28 

2 8 12 9 10 6 45 

3 6 9 5 8 0 28 

4 24 6 7 5 3 45 

5 21 15 6 3 2 47 

6 4 7 7 2 1 21 

Total 66 56 41 36 15 214 

 

Rajhenavski Ro

In the sampled area (3,2 ha), there were 22 snags and 35 logs of beech per hectare (uprooted 

trees are consid s logs). The d b s b  sampled area was 

100 m3/ha (34 %) and 192 m3/ha si f tu n c r 2001). All data is 

calculated with  to the beec   n  hole forest reserve 

(as described in part 2.1.1). CWD q ti  p nt n le nd res 2-3.  

  Volume distribution of dead biomass of beech (in m3/ha) as to decay phase and 

g 

ered a volume of ead ioma s of eech in the 

(66 %) of lver ir (si atio  in O tobe

 respect h CWD in the sampled area, ot in the w

uan ty is rese ed i Tab 6 a  Figu

 

Table 6:

CWD parts in Rajhenavski Rog 

 

CWD parts  Volume of CWD per decay phase 

(m3/ha) 

Decay  phases  1 2 3 4 5 6 

(m3/ha) 

Total 

Snag  9,0 12,5 2,5 2,3 1,1 0,2 27,6 

Log  17,9 21,3 7,9 11,0 4,3 1,4 63,8 

Crown  3,9 2,9 0,8 0,5 0,2 0,0 8,3 

Total  30,8 36,8 11,1 13,8 5,6 1,5 99,7 

Share (%) 31 37 11 14 6 1 100 

 

Kroka

In the led area (2,88 a), there were 19 s 3  

trees idered as gs). The volumes i ss b  i fir in the 

r 

 samp  h  snag  and 5 logs of beech per hectare (uprooted

are cons lo  of dead b oma  of eech and s lver 



samp  were 57 m /ha (40 %) and 88 m3 , e l W antity is 

presented in Table 7 and in Figures 2-3 for b si

able 7: Volume distribution of dead biomass of beech (in m3/ha) as to decay phase and 

CWD parts 

 

CWD 

led area 3 /ha (60 %)  resp ctive y. C D-qu

oth tes. 

 

T

parts   Volume of CWD per decay phase 

(m3/ha) 

6 

Total 

(m3/ha)

Decay  phases   1 2 3 4 5 

Snag   2,0 7,6 4,9 1,4 1,2 0,1 17,1 

Log   5,8 10,5 4,4 6,5 3,7 3,1 34,0 

Crown   0,9 3,8 0,4 0,3 0,1 0,0 5,6 

Total   8,7 22,0 9,7 8,2 5,0 3,2 56,6 

Share 6 100 (%)  15 39 17 14 9 

 

 

Figure 2: Number of dead trees in the 5 diameter classes (cm) in Krokar and in Rajhenavski 

Rog  
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Figure 3: Amount of CWD of different decay phase classes (1 to 6) in different diameter 

classes (diameter classes are equal as in Figure 2) 

 

 

 

Canoco analysis of the distribution of fungi along environmental gradients (d16) 

 

Fungi (prepared by T. GREBENC and A. PILTAVER) 

In the ordination we have included 210 different species of fungi occurring on 214 CWD 

selected from two plots. 1838 occurrences of fungi was detected. The DCA analysis of the 

whole data set revealed the length of gradient between 5.9 and 8.2 standard deviation (SD) 

units. The values exceeded 4 SD units indicating strong unimodal response of the species data 

along the gradient axes so the unimodal response model (CCA) was used for further analysis. 

 

After automatic forward selection of the environmental variables in the CCA average decay 

phase (AVD_DP), cower of logs with mosses (MOSS), soil contact of logs (SOIL), diameter 

at the breast height (DBH) and location Rajhenav (RAJ) had a significant contribution to the 



model of already included variables (5% significance level). Other environmental variables 

did not have a significant contribution to the model and were omitted in further analysis. 

 

The variance inflation factors of variables in a multiple regression equation after the CCA 

with sites as covariables for the selected environmental variables were between 1.1519 and 

1.7866. Since the variance inflation factor of each included environmental factor was below 

20 the included environmental variables show unique contribution to the regression equation 

and the response model. No co-linearity was detected with included variables. 

 

The results for eigenvalues representing the measure of the importance of each of the axis 

indicate the highest importance of the first axis (0.423) followed by the second axis with 

eigenvalue of 0.186. The species-environmental correlation was high for all four axes (0.900 

– 0.706) indicating strong relation between species and environmental data for a particular 

axis. Thought high species-environmental correlation values the amount of the species data 

explained by the environmental variables is relative low. The covariables in the model explain 

0.72% of the inertia (variance) and the current included environmental variables (after 

elimination of the covariables) 3.93%. The remaining of the ca 95% of the total inertia is 

unexplained. We explain relative low explained inertia with the high number of fungi that 

occurred only on one or a few logs (rare and subordinate fungi), so their contribution to the 

model is not significant. 

 

The highest correlation with the first ordination axis showed average decay phase (.8676). 

High positive correlation with the 1st axis has also soil contact of the logs. Highest thought 

much lower positive correlation with the second axis showed soil contact. Along the third 

ordination axis moss cover show highest positive correlation (0.3368). From the results we 

conclude that average decay phase is highly correlated and expressed on the axis with the 

highest importance (i.e. the first axes). The influence of the soil contact is also expressed high 

on the first axis. So the order of the species occurring along the 1st axis is under high influence 

of decay phase and soil contact. The species occurring along 3rd axis show some correlation 

with the moss cover, either due the connection with the mosses or by favouring the similar 

ecological conditions as mosses (high relative humidity and suitable surface). 
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Figure 4: Ordination diagram for frequently occurring (> 5 occurrences) fungal species after 

CCA for selected significant environmental variables along the 1st (X) and the 2nd (Y) 

ordination axes. Agreed abbreviations were used to name the species in ordination diagram. 

 

 

 

 

The effect of the environmental factors on species composition was highest along the first 

ordination axis. In Figure 4 the species with more than 5 occurrences in the whole data set are 

shown. The species correlated with higher decay phase and increasing soil contact of the log 

group on the positive side of the first axis. Highly decayed logs prefer Mycena galericulata 

(Scop.: Fr.) Quél., Mycena arcangeliana Bres., Laccaria amethystina Cooke, Lactarius 

subdulcis (Bull.: Fr.) Gray. On slightly less decayed wood occurred Lycoperdon perlatum 

Pers.: Pers., Crepidotus applanatus (Pers.) P.Kumm., Marasmius alliaceus (Jacq.: Fr.) Fr., 

Pluteus cervinus (Batsch) Singer and close to middle of the ordination axes Pholiota 

squarrosoides (Peck) Sacc. Species from positive side of gradient are either connected with 



later decay phases as decomposers of wood (C. applanatus, Pl. cervinus, Ph. squarrosoides 

etc.) or their ecological role is primarily different (ectomycorrhizal species and terrestrial 

species). Other species from the far positive side of the gradient are either positive correlated 

with high soil contact or are approaching the gradient of the moss cower.  

 

The species from the middle of the ordination diagram either prefer moderately decayed wood 

with decay phase 3-4 (e.g. Ceriporia excelsa (Lund.) Parm) or show higher toleration toward 

decay phase of the wood like Mycena haematopus (Pers.: Fr.) P.Kumm., Ischnoderma 

resinosum (Schrad.: Fr.) P.Karst. and Eutypa spinosa (Pers.: Fr.) Tul. and C.Tul. producing 

melanised cover of wood persisting through more decay phases (up to sixth). The occurrence 

of Conocybe subpubescens P.D. Orton on logs with estimated decay phase 3-4 is under high 

influence of local pockets of highly decayed wood (decay phase about 5).  

 

The fungi from the negative side of the first ordination axes prefer moderately decayed or 

freshly fallen wood. Species occurring on early decay phases either use easy accessable 

mono- and oligosaccharides from freshly fallen trees (scavengers, wood stainers) or are true 

bark and wood decayers like Hypoxylon fragiforme (Pers.: Fr.) Kickx, Exidia glandulosa 

(Bull: Fr.) Fr., Pleurotus pulmonarius (Fr.) Quél., Neobulgaria pura (Fr.) Petrak, Phlebia 

radiata Fr.: Fr., Trametes gibbosa (Pers.: Fr.) Fr., Ascocoryne sarcoides (Jacq.: Fr.) Groves 

and Wilson, Datronia mollis (Sommerf.: Fr.) Donk, Steccherinum ochraceum (Pers.: Fr..) 

Gray, Inonotus nodulosus (Fr.) P.Karst., Hypoxylon cohaerens (Pers.: Fr.) Fr., Trametes 

hirsuta (Wulfen: Fr.) Pilat, Nemania serpens (Pers.: Fr.) Gray, Bjerkandera adusta (Willd.: 

Fr.) P.Karst., Fomitopsis pinicola (Swartz: Fr.) P.Karst., Pleurotus ostreatus (Jacq.: Fr.) 

P.Kumm., Stereum hirsutum (Willd.: Fr.) Gray, Trametes versicolor (L.: Fr.) Quél., 

Biscogniauxia nummularia (Bull.: Fr.) O.K., Panellus serotinus (Pers.: Fr.) Kuhn., Panellus 

stipticus (Bull.: Fr.) P.Karst. and Trichaptum pergamenum on bark and also on old sporocarps 

of F. fomentarius. 

 

Fungal succession on beech begins with Fomes fomentarius (L.: Fr.) Fr., which is the most 

common fungus in the forest at all. The sporocarps of F. fomentarius start to occur on living 

trees high above the ground on the stem when the tree is visually still in vital condition. The 

position of F. fomentarius in the ordination diagram is more central than expected according 

to early attack of the log. We explain the position by long persistence and development of 

sporocarps even in the 4th decay phase. They develop in succession phases, first being on the 



trunk of the standing tree, second often out of sporocarps of the first phase with different 

orientation due to geotropic growth and changed position of the trunk after fall and further, 

sometimes the new outgrowth of a smaller sporocarps can be observed even out of a rotten 

bigger sporocarps from the previous seasons. 

 

Usually the first fungi attacking the wood determine the further fate of the decomposing of the 

log. An example would be Eutypa spinosa, second most common species recorded on two 

Slovenian plots. It spreads over large areas of the standing and laying parts of the trunk 

beginning with the formation of a thin, dark brown to blackish melanised surface on bark, 

which will later develop into the rough, spiny surface of entirely black sporocarps of the 

fungus, covering sometimes some square meters of the trunk. The sclerotised cover of the 

wood decrease the speed of decomposition with other fungi drastically and also influence the 

growth of mosses. 

 

Different species of common wood decay fungi from the same genus can have different 

distribution along the decay gradient showing different strategies of obtaining nutrients – so 

Ascocoryne sarcoides prefer lower decay phases the other species from the same genus – 

Ascocoryne cylichnium (Tul.) Korf commonly occur on higher decay phases. 

 

The species with high occurrence (more than 40 occurrences) show a uniform distribution 

close to the negative side if the first axes while the species from the positive side are in 

average more remote from the first axis (figure not shown). The data show a higher 

dependence of the species correlated with low decay phase while the species correlated to 

positive side of the gradient (higher decay phase and soil contact) exhibit increasing influence 

of other environmental factors as well. The pattern is not so obvious when fungi with lower 

occurrence are included (Figure 5 – only for rare and subordinate species). 
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Figure 5: Ordination diagram for rare and subordinate (5 or less occurrences) fungal species 

after CCA for selected significant environmental variables along the 1st (X) and the 2nd (Y) 

ordination axes. Agreed abbreviations were used to name the species in ordination diagram. 

 

 

The number of rare and subordinate species (species with less than 5 occurrences) is relative 

high. Most of them were mapped in Rajhenav. Many of species with low occurrence show 

preference for high decay phases and high percentage of soil contact (Figure 5). They are not 

strictly connected with decomposition of coarse woody debris but seem to find that kind of 

substratum suitable for fructification. Several rare and subordinate species are known to form 

ectomycorrhiza with tree species from the research plot (Laccaria spp., Lactarius spp., 

Russula spp., Cortinarius atrovirens Kalchbr., Cantharellus tubaeformis (Bull.: Fr.) Fr.), 

others are primarily terrestrial species. One hypothesis for some species fructificating on this 

substratum could simply be lower pH of this substratum compared to soils. From listed 

species at least Lactarius subdulcis (Bull.) Gray, L. glutinopallens F.H. Møller and J.E. Lange, 

L. blennius (Fr.) Fr., Russula badia Quél., R. mairei Sing., R. ochroleuca (Pers.) Fr. and R. 



undulata Velen. show this phenomenon. They grow on substratum with fairly acid reaction. 

Several true wood decomposers from higher decay phases with low occurrence are true rare 

species or they showed accidentally low occurrence in mapping years. 
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Figure 6: Ordination diagram for fungal species after CCA for selected signific

e

th

increasing moss cower of the log) are shown. The position of other species is indicated with 

cross (+) only. Agreed abbreviations were used to name the mosses in ordination diagram. 

 

 

On Figure 6 only species with positive correlation with 3rd ordination axes and thus with 

increasing percentage of moss cover of the logs are presented. The distribution of fungi 



connected to moss cower along 3rd ordination axes is not so significant as the distribution 

along the decay gradient but still some trends can be observed. Some of the species from 

ordination diagram are not generally known to occur with moss but are highly correlated with 

3rd axes. The reason for co-occurrence could be an accidental co-occurrence as was a case for 

Hypsizygus tessulatus (Bull.: Fr.) Sing. which can be found also on logs with no moss cover. 

Some species are known to occur with moss but cannot be found directly on moss bogs and 

were only found on the parts of the logs which were not under moss cover due low light 

intensity etc.: Ceriporia mucida, Dentipellis fragilis (Pers.: Fr.) Donk, Camarops tubulina 

(Alb. and Schw.) Shear, Hyphodontia paradoxa (Schrad.: Fr.) E.Langer and Vesterh. and 

Ceriporia purpurea (Fr.) Donk. The species typically co-occur with mosses were Rickenella 

swartzii (Fr.: Fr.) Kuype, Pluteus insidiosus Vellinga and Schreurs, Galerina pallida (Pil t) E. 

Horak and M.M. Moser, Galerina stylifera (G.F. Atk.) A.H. Sm. and Singer, Pluteus nanus 

(Pers.: Fr.) P.Kumm., Rickenella fibula (Bull.: Fr.) Raith., Phlebia tremellosa (Schrad.: Fr.) 

Burds. and Nakas. With mosses were most frequently found Pluteus hispidulus (Fr.: Fr.) 

Gillet, Xylaria hypoxylon (L.: Fr.) Grev., Ganoderma lipsiensis (Batsch) Atk. and other 

species. Several species were correlated with the 3rd ordination with effect of the moss as 

most important environmental factor but are not known to have any correlation with mosses. 

hese species were under stronger influence of other environmental factors or as discussed 

g of the results. As for decay 

 in the ordination since no data for occurrence of the 

ascular plants were available. As with fungi the first step was indirect gradient analysis using 

 higher influence of non-measured environmental differences between 

T

with decay phase were correlated with mosses due the averagin

phase the presence of the moss cover should be recorded on the microlocation where the 

sporocarps were found. 

 

Vascular plants (prepared by T. GREBENC and L. KUTNAR) 

In the ordination study of the distribution of vascular plants 211 samples (CWD) and 110 

different species of vascular plants with altogether 2221 occurrences on selected logs were 

included. Three logs were not included

v

unimodal-detrended model (DCA). The length of the gradient along ordination axes were 

around 4 indicating unimodal distribution and thus CCA thought the unimodal distribution of 

the data was not so strong as for fungi. 

 

The CCA with sites included in the model showed highest influence of the variable location 

on the distribution of the vascular plants. Many frequently occurring species showed this 

trend indicating



selected sites than observed with fungi. This strongly supported the use of sites as covariables. 

Figure 7 shows distribution of vascular plants with more than 10 occurrences (bold in Table 

8) along 1st and 2nd ordination axes. The effect of the sites is highly correlated with the first 

ordination axis. 

The most common species such as Cardamine trifolia L., Oxalis acetosella L., Galium 

odoratum (L.) Scop., Fagus sylvatica L., Omphaodes verna Moench, Cardamine enneaphyllos 

(L.) Crantz ordinate close to the centre of the ordination space. The plant species that are 

more frequent in Rajhenavski Rog than in Krokar (e.g. Abies alba Mill., Brachypodium 

sylvaticum (Huds.) P.Beauv., Sanicula europaea L., Fragaria vesca L., Polystichum aculeatum 

.) Roth, Salvia glutinosa L., Aremonia agrimonoides (L.) DC.) obtain high CCA1 scores. In 

Krokar geophytes as Leucojum vernum L., Allium ursinum L., Anemone nemorosa L., 

(L

Isopyrum thalictroides L. and Polygonatum verticillatum (L.) All are much more frequent 

than in Rajhenavski Rog. They obtain low CCA1 scores. 
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st (X) and 2nd (Y) ordination axes after Figure 7: Ordination of vascular plants along the 1

CCA with sites included in the analysis as all other environmental variables with significant 

contribution to the ordination equation. Agreed abbreviations were used to name the species 

in ordination diagram. 

 



 

In CCA (Figure 8) for vascular plants locations were included in the model only as 

covariables and for all three estimates for decay phase of the each CWD (minimum, average 

nd maximum decay phase) the interaction was used (product of all three estimates) to obtain 

 (SNAG) and volume of the CWD (VOLUME) 

ad a significant contribution to the model of already included variables (5% significance 

level after Monte Carlo permutation test). Other environmental variables included in the 

description of CWD did not have a significant contribution to the model and were omitted in 

further analysis. 

 

The results of the partial ordination (an ordination with covariables) the covariables explained 

3.7% of the inertia what was more than in case of the ordination of the fungi. The current 

environmental variables explained additional 4.7% of the total inertia (variance). The 

remaining of the total inertia was unexplained. The highest explanatory power had 1st 

ordination axis which explained 1.78% of the variation of the species. The percentage of the 

explained variation of the vascular species distribution was low indicating weak correlation of 

occurrence of vascular plants on the logs with the estimated characteristics of the log. This 

suggests that logs were more just a suitable space for germination of seeds of vascular plants 

ant role on the occurrence 

a

significant contribution of the decay phase on the distribution of vascular plants in ordination 

diagram. The main reason for including the decay phase into the model for vascular plants 

was its high importance on the distribution of fungi. The set of decay phases does not always 

show the true situation of the log and many times some microlocation on the log can show 

different extreme values for decay phase thought not always included in the final 

measurements.  

Without establishment of the interaction only minimum decay phase estimate would have 

significant contribution to the model (Figure 7). 

 

After automatic forward selection of the environmental variables for CCA (Figure 8) with 

locations as covariables and different estimates of decay phase as complex environmental 

variable: moss cover (MOSS), complex variable describing decay phase (DECAY_PH), soil 

contact of the CWD (SOIL), presence of snag

h

and space for growth with low competitivity of other plants. The estimated characteristics of 

logs (e.g. moss cower, presence of snag, volume of log, decay phase and others) according to 

the explained variance of the vascular plants did not play an import



and distribution of different plant species. Still some species could be correlated with some of 

e environmental characteristics (Figure 8).  th
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Figure 8: Distribution of vascular plant along the 1st (X) and 3rd (Y) ordination axes after 

CCA. Only species with 10 or more occurrences in complete data set are presented. Agreed 

e the species in ordination diagram. abbreviations were used to nam

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 8: The weigh relat n matrix of separate enviromnental variable with each of 

 an ronm  axis ach  environmental variables. High positive correlation 

peci  are n in

 AX1 1.000        

t cor io

species d envi ental  and e of

with s es axes  writte  bold. 
 

SPEC

SPEC AX2 .0375 1.000       

SPEC AX3 -.1959 -.1472 1.000      

SPEC AX4 .1778 .1523 -.1691 1.000     

ENVI AX1 .6279 .0000 .0000 .0000 1.000    

ENVI AX2 .0000 .6707 .0000 .0000 .0000 1.000   

ENVI AX3 .0000 .0000 .5328 .0000 .0000 .0000 1.000  

ENVI AX4 .0000 .0000 .0000 .5941 .0000 .0000 .0000 1.000 

SNAG -.1705 -.2939 .1847 .0718 -.2716 -.4382 .3466 .1208 

VOLUME .1737 .1432 -.0630 -.2276 .2766 .2136 -.1182 -.3831 

MOSS .4119 -.2973 .1821 -.2967 .6560 -.4432 .3417 -.4995 

SOIL -.1423 -.2214 -.3774 -.1718 -.2267 -.3301 -.7083 -.2891 

AVE*MA

X_ 

.1400 -.2896 -.3295 .2317 .2230 -.4318 -.6184 .3900 

 SPEC AX1 SPEC AX2 SPEC AX3 SPEC AX4 ENVI AX1 ENVI AX2 ENVI AX3 ENVI AX4

 

 

SNAG 1.000     

VOLUME .3998 1.000    

MOSS .0097 .1672 1.000   

SOIL -.4648 -.3659 -.0580 1.000  

AVE*MA -.4094 -.5123 -.0286 .6587 1.000 

X_ 

 SNAG VOLUME MOSS SOIL AVE*MA

X_ 

 

 

 

The highest positive correlation with the first ordination axis showed moss cover (.4119) 

(Table 8). Low positive correlation with the 1st axis was calculated for decay phase. Low 

e correlation with the second axis showed volume of the log and along the third positiv

ordination axis the presence of snag. From the results we conclude that moss cover of the log 

is high correlated and expressed on the first axis. The influence of other environmental factors 

on the distribution of the vascular plants ordered along other environmental axes is not strong 



enough for significant conclusions. Several species were distributed on the negative side of 

the ordination axis of moss cover: e.g. Paris quadrifolia L., Sanicula europaea L., 

Polygonatum verticillatum (L.) All., Aremonia agrimonoides (L.) DC., Galium odoratum (L.) 

Scop., Abies alba Mill., Euphorbia amygdaloides L., Cardamine enneaphyllos (L.) Crantz. 

These species seem to avoid logs covered by moss layer. At least two possible reasons could 

be involved here – moss layer reduces the possibility for seed germination or somehow 

fluences the growth of these plants.  

On the other hand several species were more frequently found on the other side. They occur 

with increasing of moss cover. But among them very few species really occurred on the logs 

overgrown with mosses. The majority of them were recorded at the bottom of snags (leg of 

the snag) and on well-decayed logs. They grow well especially in case of close contact with 

the mineral soils. Distribution along other environmental gradients was not so significant. 

Several species occurring on the positive side of gradient of presence of snag could be due the 

accidental occurrence of plants on the soil close to the remaining of snag. 

 

The most obvious difference between ordination of vascular plants and fungi along 

environmental gradients is much weaker correlation of all environmental variables included in 

the ordination with the ordination axes gradients. Second important difference was lower 

importance of the decay phase of the CWD on the distribution of vascular plants than on 

distribution of fungi. We explained this with the fact that for fungi CWD is a source of all 

nutrients including carbon and the forms in which carbon is available favours many different 

populations of fungal species. This is true for true wood decomposers and partially true for 

primarily terrestrial and mycorrhizal species. On the other hand vascular plants obtain carbon 

through photosynthesis and CWD is only the source for other nutrients.  

 

 

in

 



Bryophytes (prepared by P. ÓDOR) 

Altogether 2445 occurrences of 103 bryophyte species were recorded on the 213 selected logs 

(110 in Rajhenav and 103 in Krokar). During DCA the length of gradient in SD units is 3.872 

along the first ordination axis, 2.985 along the second and 2.242 along the third, respectively.  

 

 

variable marginal effect conditional effect 

 % F-value p % F-value p 

SITE 3.38 7.25 <0.01 3.61 8.03 <0.01 

AVER.DP 3.56 7.64 <0.01 3.56 7.64 <0.01 

SNAG 1.42 2.97 <0.01 1.1 2.45 <0.01 

VOLUME 1.78 3.76 <0.01 0.8 1.78 <0.05 

SOIL 2.88 6.13 <0.01 0.73 1.65 <0.01 

GAP 0.98 2.06 <0.05 0.69 1.56 n.s. 

BARK 2.83 6.03 <0.01 0.57 1.31 n.s. 

CROWN 1.85 3.88 <0.01 0.37 0.81 n.s. 

SUM 18.68   11.42   

 

Table 9. Ranking environmental variables in importance by their marginal (left) and 

conditional (right) effects as obtained by manual forward selection in a CCA of bryophytes. 

 

During CCA all detected environmental variables has a significant effect separately (marginal 

effect, Table 9), but using manual forward selection only SITE, AVER.DP, SNAG, 

VOLUME and SOIL remained significant (exluding GAP, BARK and CROWN). These 

significant factors explain 9.8% of the total inertia. Although SOIL and BARK have a 

considerable marginal effect their conditional effect is relatively low, because they are highly 

correlated with AVER.DP. The effect of SITE and AVER.DP is similar and significantly 

higher than that of other factors.  

Investigating the difference of the two reserves in species composition only SITE were 

included as environmental variable during the next CCA (Fig. 9.). The number of species (96 

versus 66), number of occurrences (2445 versus 952) and mean species richness of trees (22.2 

versus 9.2) were much higher in Rajhenav than that of Krokar. The differences of species 

composition and diversity between the two sites were discussed in detail in Ódor and van Dort 



(2002, App. 3.). Rajhenav had much more specific species than Krokar, the species pool of 

Krokar was generally a subset that of Rajhenav. Rajhenav was much richer in late epixylic 

species preferring high air humidity as Riccardia palmata, Blepharostoma trichophyllum, 

Lepidozia reptans than Krokar. Dicranum viride a vulnarable species in Europe (ECCB 1995) 

is a frequent epiphyte species in Rajhenav. 

Investigating the effect of other environmental variables for species composition and 

eliminating the differences caused by the different species pool of the two forest stand SITE 

were used as covariable during the next CCA. During this analysis the significant canonical 

variables explained 6.42% of the total inertia, based on manual forward selection AVER.DP, 

SNAG, VOLUME and SOIL had significant conditional effect (Table 10). From these 

variables AVER.DP had higher inertia than the sum of the others. GAP, BARK and CROWN 

did not have significant conditional effect for species composition; they were excluded from 

the model. Although BARK and CROWN had significant marginal effect, their conditional 

effect was insignificant because of their high correlation with AVER.DP. GAP was an 

insignificant factor also by itself. Along the first canonical axis an increasing decay gradient 

was expressed, it is highly correlated with AVER.DP and SOIL (Table 11., Fig. 10.). This 

axis explains 62% of the species-environment relation. The importance of other canonical 

axes were much lower, the second was correlated mainly with SNAG, the third with 

VOLUME. 

 



 

 
Fig. 9. Position of frequent (frequency>20) bryophyte species along the first (canonical axis 

of SITE) and second (not canonical axis) ordination axis of CCA. The CCA was based on the 

full data set including only SITE as environmental variable. On the first axis negative (left) 

side shows the increasing effect of site Rajhenav, positive (right) that of Krokar. The codes of 

species are based on the first three letters of genus and species names. 



 

 

variable marginal effect conditional effect 

 % F-value p % F-value p 

AVER.DP 3.79 8.42 <0.01 3.79 8.42 <0.01 

SNAG 1.42 3.06 <0.01 1.10 2.45 <0.01 

VOLUME 1.76 3.83 <0.01 0.80 1.78 <0.05 

SOIL 2.90 6.39 <0.01 0.73 1.65 <0.01 

GAP 0.73 1.57 n.s. 0.69 1.56 n.s. 

BARK 2.95 6.49 <0.01 0.57 1.31 n.s. 

CROWN 1.87 4.07 <0.01 0.37 0.81 n.s. 

SUM 15.42   8.04   

 

Table 10. Ranking environmental variables in importance by their marginal (left) and 

conditional (right) effects as obtained by manual forward selection in a CCA of bryophytes. 

 

 axis1 axis2 axis3 axis4 

inertia 

(%) 

4.1 1.1 0.9 0.5 

AVER.DP  0.97 -0.07  0.15  0.17 

SNAG -0.35 -0.92  0.13  0.08 

VOL -0.55 -0.18  0.69 -0.43 

SOIL  0.83 -0.07 -0.01 -0.55 

 

Table 11. Inertia of the first three canonical CCA axes (first row) and their correlations with 

the included environmental variables. SITE was included as covariable into the analysis.  

 

Frequent species had much higher heterogeneity along the first axis than that of second or 

third (Fig. 10. a, c). Species positioned on the right side (positive values) of the first axis are 

true epixylic species, occurring on soft wood of well decayed trees (Jungermannia leiantha, 

Lepidozia reptans, Blepharostoma trichophyllum, Herzogiella seligeri, Nowellia curvifolia). 

On the other (negative) side of the axis epiphyte species can be found, which live on the bark 

of trees of earlier decay stages (Ulota crispa, Dicranum viride, Leucodon sciuroides, 



Orthotrichum stramineum, Frullania dilatata). Species with scores close to zero were 

common, opportunistic bryophytes, which had much wider tolerance for decay stages than 

that of epixylic species or epiphytes (e.g. Brachythecium velutinum, Hypnum cupressiforme, 

Sanionia uncinata, Bryum flaccidum). In the case of axis2 (correlated with SNAG) and axis3 

(correlated with VOLUME) there is no clear trend in species composition, their effect less 

pronounced than that of AVER.DP. Rare species occurred along a much longer gradient than 

frequent ones for all of three investigated axis (Fig 10. b, d). 

 

 
Fig. 7. Position of bryophyte species along the first three ordination axes of CCA. The CCA 

was based on the full data set including AVER.DP, SNAG, VOLUME, SOIL as 

environmental variables and SITE as covariable. The codes of species are based on the first 

three letters of genus and species names. a: Positions of frequent (frequency>20) species 

along the first and second axes of CCA. The scales of axes were magnified by two times to 

show only the bordered part of Fig. 7/b. b: Positions of subordinate and rare (frequency<20) 

species along the first and second axes of CCA. c: Positions of frequent species along the first 

and third axes of CCA. The scales of axes were magnified by two times to show only the 



bordered part of Fig. 7/d. D: Positions of subordinate and rare species on the first and third 

axes of CCA. 



Conclusions  

Overall 210 different species of fungi with 1838 occurrences were observed in the study. 

Many of them have only one or a few occurrences and being more important for the 

biodiversity than for the ordination model itself. 

 

The most profound and significant effect to the distribution of the fungi had the decay phase 

of the log followed by the moss cover and soil contact. The sites were quite different in some 

non-measured environmental characteristics and were used as covariables in the model. The 

analysis show different correlation of results with field observations, being more easily 

explained in starting and ending decay phases and much more difficult in mid decay phases. 

From factors affecting these results most probably the biggest role lies in the fact, that pieces 

of CWD are very different decayed depending on the spatial distribution of different fungal 

mycelia provoking from different decay rates (white and red rot, melanising effects of 

Pyrenomycetes).  

 

From presented results the species correlated with highly decayed logs were Mycena 

galericulata, Mycena arcangeliana, Laccaria amethystina, Lactarius subdulcis. On slightly less 

decayed wood occurred Lycoperdon perlatum, Crepidotus applanatus, Marasmius alliaceus, 

Pluteus cervinus. Species preferring highly decayed wood are either connected with later 

decay phases as decomposers of wood (C. applanatus, Pl. cervinus, Ph. squarrosoides etc.) or 

their ecological role is primarily different (ectomycorrhizal species and terrestrial species) but 

playing an important role in recycling of the released nutrients from decomposing 

components of wood. Many rare and subordinate species important for biodiversity were 

connected with higher decay phases on the logs.  

 

The distribution of fungi connected to moss cower is not so high (0.3368) as the distribution 

along the decay gradient (.8676) but still some trends can be observed. The species with high 

positive correlation and known to occur with mosses were Rickenella swartzii, Pluteus 

insidiosus, Galerina pallida, Galerina stylifera, Pluteus nanus, Rickenella fibula and Phlebia 

tremellosa. Another large group of fungi highly correlated with moss cover were fungi which 

were found on logs with high percentage of moss cover but never in the moss itself: Ceriporia 

mucida, Dentipellis fragilis, Camarops tubulina, Hyphodontia paradoxa and Ceriporia 

purpurea. For most accurate results, as for decay phase, the presence of the moss cover should 

be recorded on the microlocation where the sporocarps were found. 



 

In the ordination study of the distribution of vascular plants 211 samples (CWD) and 110 

different species of vascular plants with altogether 2221 occurrences on selected logs were 

included. There were more species of vascular plant than fungi occurring frequently. Many 

frequently occurring species showed high correlation with sites indicating high influence of 

non-measured environmental differences between selected sites. When considering the 

ordination of fungi this effect was observed only for rare and subordinate species. A 

significant effect on the distribution (model) of the species of vascular plants showed: moss 

cover (MOSS), complex variable describing decay phase (DECAY_PH), soil contact of the 

CWD (SOIL), presence of snag (SNAG) and volume of the CWD (VOLUME). The effect of 

average decay phase of CWD did not contribute significantly to the ordination of the vascular 

plants in the model. The highest positive correlation with the first ordination axis showed 

moss cover.  

 

The majority of the recorded plants have negative correlation with moss cover. On a very 

negative side of the ordination axis of moss cover are Paris quadrifolia, Sanicula europaea, 

Polygonatum verticillatum, Aremonia agrimonoides, Galium odoratum, Abies alba, 

Euphorbia amygdaloides, Cardamine enneaphyllos. The majority of plants on the positive side 

of moss cover axis were recorded at the bottom of snags (leg of the snag) and on well-decayed 

logs. They usually have close contact with the mineral soils. Distribution along other 

environmental gradients was not so significant since the explanatory power of other 

ordination axes was much weaker. 

 

An important difference was lower importance of the decay phase of the CWD when 

considered the distribution of vascular plants than on distribution of fungi. We explained this 

with the fact that for fungi CWD is a source of all nutrients including carbon and the forms in 

which carbon is available favours many different populations of fungal species. 

 

In the case of bryophytes 103 species were recorded and the number of occurrences was 3397. 

The species pool and number of frequent species is similar than that of vascular plants. It is an 

important difference among the three groups of organisms that for the composition of fungi 

decay was the most important factor, in the case of vascular plants the compositional 

difference of the two sites overwhelms the effect of decay, and for bryophytes these two 

environmental factors had similar importance. Eliminating the effect of sites there is a clear 



compositional gradient of bryophytes along decay factor, which is much more important than 

the other two significant factor (SNAG and VOLUME). 

 



Denmark (Christensen, M., Heilmann-Clausen, J. and Aude, E.) 

 

Site descriptions 

 

Strødam Forest Reserve 

 

Area 25 ha Annual average temperature 7.7°C 

Longitude E 12°16’ Coldest month (February):  -0.5°C 

Latitude N 55°58’ Warmest month (July):  16.2°C 

Altitude (m.a.s.l.): 20-25 meter. Average annual precipitation 697 mm 

 

The forest reserve is part of one of the biggest forested areas in Denmark (Gribskov) which 

cover more than 7000 ha. Out of this the total forest reserve cover about 100 ha of which 25 

ha have a long history of non-management. 

The soil is typical mixed moraine varying from loamy sand to more clayish or rich soil types. 

Part of the reserve is unmanaged for about 100 year, but some cuttings are done until 1960's. 

The forest are dominated by Fagus sylvatica, with some Fraxinus excelsior, Ulmus glabra, 

Betula pendula 

Other tree species of minor importance are Acer pseudoplatanus, Alnus glutinosa, Carpinus 

betulus, Corylus avellana, Crataegus laevigata, Prunus avium, Quercus robur, Salix cinerea, 

Sambucus nigra, Sorbus aucuparia. 

Dominating herbs are Anemone nemorosa, Calamagrostis epigejos, Melica uniflora, Milium 

effusum, Oxalis acetosella, Rubus idaeu and other herbs include Agrostis tenuis, Athyrium 

filix-femina ,Corydalis intermedia, Deschampsia cespitosa, Deschampsia flexuosa ,Dryopteris 

carthusiana, Gagea lutea, Gagea spathacea, Galium aparine,Galium odoratum, Impatiens 

parviflora, Juncus effusus, Maianthemum bifolium, Mercurialis perennis , Poa nemoralis, 

Stellaria holostea, Stellaria nemorum, Urtica dioica. 

Total volume of dead wood: 181.5 m3/ha out of which 99 percent are beech. 

 



 

Suserup Forest Reserve 

 

Area 19.2 ha  Annual average temperature 8.1°C 

Longitude E 11°33’ Coldest month (January): 0.8°C 

Latitude N 55°22’ Warmest month (July):  16.7°C 

Altitude (m.a.s.l.): 10-30 meter Average annual precipitation 644 mm 

 

The forest is mixed deciduous forest situated along the lake Tystrup Sø. 

The soil type is loamy to sandy - till and lacustrine sediments (Vejre and Emborg 1996). 

The forest has been only weakly managed for at least 200 year. Last cutting was in 1940's. 

The major tree species are Fagus sylvatica, Fraxinus excelsior, Ulmus glabra and Quercus 

robur. 

Tree species of minor importance are Acer pseudoplatanus, Alnus glutinosa, Corylus 

avellana, Prunus avium, Tilia platyphyllos, Sambucus nigra, Sorbus aucuparia. 

Dominating species of herbs include Anemone nemorosa, Anemone ranunculoides, Corydalis 

cava, Carex sylvatica, Circaea lutetiana, Galium odoratum, Geranium robertianum, 

Hordelymus europaeus, Lamiastrum galeobdolon, Melica uniflora, Mercurialis perennis, 

Ranunculus ficaria. Other herbs and bushes include: Alliaria petiolata,Gagea lutea, Geum 

urbanum ,Milium effusum, Mycelis muralis, Oxalis acetosella, Polygonatum multiflorum, 

Rubus idaeus, Sanicula europaea,  Stachys sylvatica, Urtica dioica. 

Total volume of dead wood 176.3 m3/ha of which 67 percent are beech. 

 

Møns Klinteskov (Timmesøbjerg, Siesøbjerg, Kalstedbjerg) 

 

Area 25 ha Annual average temperature 7.9°C 

Longitude E 12°32’16’’ Coldest month (February): 0.2°C 

Latitude N 54°57’52’’ Warmest month (August):  16.2°C 

Altitude (m.a.s.l.): 80-110 meter Average annual precipitation 586 mm 

 

The area of unmanaged forest included in the study is 25 ha. However the beech forest around 

cover more than 2000 ha and part of this is also more and less unmanaged. 

Soil type and bedrock is Cretaceous chalk. 



Date of last cutting is 1940's. 

Only major species is Fagus sylvatica. Tree species of minor importance include Fraxinus 

excelsior, Prunus spinosa, Sambucus nigra. 

Dominating herbs and bushes include Anemone nemorosa, Carex sylvatica, Galium 

odoratum, Hedera helix, Hepatica nobilis, Hordelymus europaeus, Mercurialis perennis. Other 

herbs and bushes include Actaea spicata, Arabis hirsuta hirsuta, Athyrium filix-femina, 

Avenella flexuosa, Brachypodium sylvaticum, Bromus ramosus, Carex digitata, Carlina 

vulgaris, Cephalanthera damasonium, Cirsium arvense, Convallaria majalis, Corallorhiza 

trifida, Dactylis glomerata, Dactylis polygama, Dentaria bulbifera, Festuca ovina, Festuca 

rubra, Fragaria vesca, Galium boreale, Galium mollugo mollugo, Geum urbanum, Holcus 

lanatus, Hypericum montanum, Lathyrus pratensis, Leucanthemum vulgare, Lonicera 

xylosteum, Melampyrum pratense, Melica nutans, Melica uniflora, Mycelis muralis, Neottia 

nidus-avis, Oxalis acetosella, Pimpinella saxifraga, Poa nemoralis, Poa pratensis angustifolia, 

Polygala vulgaris, Polygonatum multiflorum, Primula elatior, Pteridium aquilinum, Rubus 

idaeus, Sanguisorba minor, Sanicula europaea, Solidago virgaurea, Viburnum opulus, Vicia 

sepium, Vicia sylvatica. 

Total volume of dead wood 99.72 m3/ha of which 98 percent are beech. 

 

Velling Skov 

 

Area 24 ha Annual average temperature 7.5°C 

Longitude E 9°29’48’’ Coldest month (February): 0.0°C 

Latitude N 56°02’29’’ Warmest month (July):  15.5°C 

Altitude (m.a.s.l.): 50-100 meter Average annual precipitation 839 mm 

 

The unmanaged area covers about 24 ha, but is part of a bigger area of forest. 

Soil type is sand and sandy moraine. 

The forest are designated to be unmanaged quite recently and the date of last cutting is about 

1990's. 

The major species are Fagus sylvatica with some Sorbus aucuparia in the understory. 

The herblayer is dominated by Avenella flexuosa, Melica uniflora, Oxalis acetosella. Other 

herbs and bushes include Agrostis tenuis, Athyrium filix-femina, Calamagrostis arundinacea, 

Calamagrostis epigeios, Circaea lutetiana, Dryopteris dilatata, Dryopteris filix mas, 

Equisetum sylvaticum, Festuca altissima, Geranium robertianum, Ilex aquifolium, Juncus 



effusus, Luzula sylvatica, Maianthemum bifolium, Milium effusum, Poa nemoralis, 

Polypodium vulgare, Rubus idaeus, Solidago virgaurea ssp. virgaurea, Phegopteris 

connectilis, Urtica dioica. 

Total volume of dead wood 114.5 m3/ha of which 98 percent are beech. 

  

 

Silkeborg Vesterskov (Knagerne) 

 

Area 5.6 ha Annual average temperature 7.5°C 

Longitude E 9°31’58’’ Coldest month (February): 0.0°C 

Latitude N 56°08’05’’ Warmest month (July):  15.5°C 

Altitude (m.a.s.l.): 70-90 meter Average annual precipitation 719 mm 

 

The site studied for NatMan is an unmanaged beech stand in the middle of the forest 

Silkeborg Vesterskov. The unmanaged area is 5.6 ha and the total area of the forest is about 

700 ha. 

Soil type is sandy moraine. 

The area is unmanaged since 1980. 

Only major tree species is Fagus sylvatica, but a few Sorbus aucuparia occur in the 

understory. Herbs and bushes include Galium harcynicum, Gymnocarpium dryopteris, Ilex 

aquifolium, Luzula pilosa, Melica uniflora, Dactylis glomerata, Holcus lanatus, Rubus idaeus, 

Stellaria holostea, Deschampsia cespitosa, Avenella flexuosa, Oxalis acetosella.  

Total volume of dead wood 152,16 m3/ha and consist of pure beech. 

 

Data analysis 

Data analyses were carried out independently on the full dataset and on three subsets 

extracted from the full set, i.e. higher plants, bryophytes and fungi, respectively. Detrended 

correspondance analysis (DCA) was run using PC-Ord software. Default settings were used 

throughout and down weighting of rare species was avoided. However, species occurring on 

less than three trees were omitted from the dataset. The same was trees with presence of less 

than five species, except for in the higher plants subset, were a cut-off level of three species 

per tree was used.  

Relationships between DCA-axes and environmental variables were evaluated using Kendall 

rank correlation, subsequented by multiple linear regression analysis, both run using SAS 



software. In the regression analyses variables were selected using a backward stepwise 

selection procedure, using the stepwise option in the Proc reg call in SAS. In the case of 

suspected curvilinear relations, polynomial regression was applied. Crossing of variables was 

only used when this was considered ecologically meaningfull. 

 

Results and discussion 

 

Vascular plants 

In total 69 species of higher plants were recorded on the studied trees, with a range of 0-14 

species per tree and an average of 2.5. Due to the low average species richness, we decided to 

include all trees with at least three plant species in the DCA.  

From figure 1 it is highly evident that both axis 1 and 2 in the DCA divides trees according to 

the site variable. Three distinct clusters are visible: One encompassing all trees in Knagerne 

and Velling, one including all trees in Møns Klinteskov, and a third group including trees in 

Suserup. The latter group also includes trees in Strødam, which, however, tend to have a more 

central position in the diagram. A few trees from Strødam even groups in the 

Knagerne/Velling cluster. 

Looking at species (Fig 2) it is distinct that the Møns Klinteskov cluster includes plant species 

characterstic of strongly calcareous soils (Hepatica nobilis, Lonixera xylota) but also some 

rather ruderal species characteristic of fertile soils (Dactylis glomerata ssp. glomerata, Geum 

urbanum, Mycelis muralis). The Knagerne/Velling cluster on the other hand is dominated by 

species characteristic of mor soils (Descampsia caerulea and flexuosa, Oxalis acerosa, Sorbus 

aucuparia), whereas the Suserup/Strødam cluster is charactersized by the presence of several 

scrub and tree species (Acer pseudoplananus, Betula sp., Fraxinus excelsior, Prunus avium, 

Sambucus nigra, Ulmus glabra) as well as herbs and grasses typical of fertile forest soils 

(Galium odoratum, Impatiens parviflora, Milium effusum, Melica uniflora, Mercurialis 

perrenis).  

Putting everything together it seems evident that the plant flora of the trees is mostly 

reflecting differences in soil and stand characteristics between the sites. Using multiple 

regression it is, however, evident that there is a significant interaction between the site 

variable and logvolume, indicating that within localities this variable is connected with 

variation in the distribution of sample trees along axis 1 (Table 1). The interaction is most 



evident with respect to Møns Klinteskov, where the largest trees tend to have the lowest 

DCA1 scores.  

For DCA2 no other variables than site were found to be significantly associated with the 

position of trees along the axis, and for DCA3 only snagvolume shows a very weak 

correlation. DCA3 most likely represent a noise-axis, and is accordingly not evaluated any 

further.  

 

DCA1 
Adj. 

R2

P. (in full 

model) 

DCA

2 
Adj. 

R2

P. (in full

model) 

Site 0,78 <0,0001 Site 0,68 <0,0001 

Logvol(Site

) 0,82 0,0057    

Table 1. Overview of multiple linear regression models for DCA1 and 2 in 

the Higher plants subset. Variables are added in a stepwise manner according 

to p-values. Adj. R2 values refer to each stage of the model.   



 
Figure 1. DCA ordination diagram showing the distribution of study trees in the ordination 

space defined by axis 1 and 2, based on records of higher plants.  

 

 

 
Figure 2. DCA ordination diagram showing the distribution of higher plants in the ordination 

space defined by axis 1 and 2. Data as in figure 1. 

 



Bryophytes 

A total of 73 bryophyte taxa were recorded on the studied tree, with values ranging from 0 to 

19 species per tree, and an average of 4.7. 

As in the higher plant material the site variable seem to be important for the distribution of 

trees along the ordination axes, but no very distinct groupings are evident, Fig 3. According to 

multiple linear regression DCA1 responds to decay stage and site (Table 2). The interaction 

term combining the two variables is not significant. Trees with high DCA1 scores tend to be 

little decayed, whereas strongly decayed logs mostly have low scores. With respect to site it is 

noticeable that trees in Strødam tend to have low DCA1 scores, while trees in Knagerne and 

Møns Klinteskov often have high scores.  

All species with high DCA1 scores are epiphytes (e.g. Isothecium spp., Neckera complanata, 

Ulota sp., Zygodon spp.)(Fig. 4) and a possible explanation for the effect of site along DCA1 

might be that the axis primarily reflects a gradient from epiphyte dominated communities to 

communities dominated by epixylic and terrestrial species. Thus the effect of site along the 

axis may reflect the relative importance of epiphytic communities at each site. In support of 

this interpretation, Knagerne and Møns Klinteskov, which generally have the highest scores, 

are the most open of the included sites, and Knagerne are known as a rich locality for 

epiphytic bryophytes. The other sites represent more closed forests with rather poor epiphytic 

communities.   

According to multiple linear regression, DCA2 responds to soil-contact, loglength, totbark 

and site, with the first variable being far the most significant (Table 2). Supporting the effect 

of soil-contact, several species with high DCA2 scores are connected to exposed soil (e.g. 

Atrichum undulatum, Dicranella heteromalla, Pohlia nutans), while species with low scores 

(e.g. Lophocolea spp., Plagiothecium succulentum, Plagiomnium cuspidatum) have dead 

wood as their main habitat. The presence of the other variables in the model is more difficult 

to interpret. The parameter estimates for site, show that, when the other variables are 

accounted for, trees at Møns Klinteskov tend to have high DCA2 cores, while the opposite is 

the case for trees in Knagerne and Velling. The effect of site might thus reflect an effect of 

soil richness or a geographical differentiation along the axis, as the mentioned localities 

represent extremes with respect to both parameters. 

DCA3 responds significantly only to the site variable (Table 2). The axis seems to separate 

trees in Velling which all have high DCA3 scores, from those at other localities. Trees in 

Suserup generally obtain the lowest scores along the axis. The axis may represent a forest 

microclimate gradient as Velling seems to be the most humid of the study sites, supporting a 



large population of the endangered lichen Lobaria pulmonaria, while Suserup, on the other 

hand, is poor in epiphytic lichens dependent of a humid forest climate. 

 

DCA1 
Adj. 

R2

P. (in full 

model) 
 DCA2 

Adj. 

R2

P. (in full 

model) 
 DCA3

Adj. 

R2

P. (in full 

model) 

Site 0,49 <0,0001  Soilcontact0,16 <0,0001  Site 0,26 <0,0001 

Decayave 0,65 <0,0001  Site 0,26 0,0063     

    Loglength 0,30 0,0083     

    Totbark 0,34 0,017     

Table 2. Overview of multiple linear regression models for DCA1, 2 and 3 in the Bryophyte 

subset. Variables are added in a stepwise manner according to p-values. Adj. R2 values refer 

to each stage of the model.   

 



 
Figure 3. DCA ordination diagram showing the distribution of study trees in the ordination 

space defined by axis 1 and 2, based on records of bryophytes.  

 

 
Figure 4. DCA ordination diagram showing the distribution of bryophytes in the ordination 

space defined by axis 1 and 2. Data as in figure 3. 



Fungi 

Totally, 269 fungal species were recorded on the studied trees. Between 1 and 45 species were 

recorded per tree, with an average of 14.9. DCA1 clearly represent a decay-gradient (Fig. 5). 

Using multiple linear regression both decaymin and decaymax were found to add to the 

explanation of the axis (Table 3). For decaymax addition of the quadratic term were found to 

be most significant with the parameter estimates indicating little differentiation of trees in 

decaymax stage 4 to 6 along the axis. Inclusion of the quadratic term of decaymin was found 

to be non-significant showing that this variable relates linearly to DCA1 when decaymax is 

modelled as a curve. Thus, even there seem to be little differentiation in the distribution of 

trees in decaymax classes 4 to 6 along DCA1 the decaymin stage is still important among the 

strongly decomposed trees.  

Also the site variable adds to the explanation of DCA1. Most striking are the extreme 

positions of several trees in Møns Klinteskov, which somehow seem to expand the gradient 

expressed by the axis. At species level (Fig. 6) this expansion of the gradient seem to relate to 

the presence of several late stage decay fungi, most notably Chlorociboria aeruginascens and 

Mycena minutula, on several of the strongly decayed trees in Møns Klinteskov. The presence 

of these species may relate to conditions that are rarely present at the other studied site or it 

may reflect a mycogeographical differentiation.  

The importance of site is very evident with respect to DCA2 (Table 3), which represents a 

distinct geographical NW-SE gradient through Denmark. High axis scores are obtained by 

trees in the northwestern sites Knagerne and Velling and low scores obtained by trees in the 

most southeastern site Møns Klinteskov (Fig. 5). However, this geographical gradient is also 

related to a shift in soil conditions from more or less pure limestone in Møns Klinteskov over 

rich mull soils in Suserup and Strødam to typical mor soils in Knagerne and Velling. The 

arrangement of species along the axis indicates the soil aspect to be important in structuring 

the axis. Thus, several of the species with low DCA2 scores (e.g. Marasmius wynnei, 

Micromphale brassicolens, Pluteus romellii, Steccherinum fimbriatum) are typical for rich, 

+/- calcareous soils. At the other end of the axis, the optima of many ectomycorrhizal fungi 

(Cortinarius diasemospermus, Inocybe petiginosa, Laccaria spp., Lactarius spp., Russulla 

spp.) and several Galerina species associated with bryophytes, are striking, but also the 

presence of some typical mor-soil saprophytes (e.g. Hygrophoropsis aurantiaca, Lycoperdon 

foetidum, Mycena cinerella) is noticeable.  

A more distinct mycogeographical aspect may be expressed in the low DCA2 optima of e.g. 

Hypoxylon macrocarpum, Ischnoderma resinosum, Mycena minutula, Nemania serpens and 



Phellinus ferruginosus and the high of e.g. Laxitextum bicolor, Mycena hiemalis, Nemania 

atropurpurea and Psathyrella piluliformis. At present to little is known on the distribution of 

these species on a larger geographical scale and we consider it premature to draw more firm 

conclusions on this subject. 

DCA3 is most distinctly expressed at Møns Klinteskov and seem to represent a highly 

complex axis. It was attempted to model separately for Møns Klinteskov, but this was not 

very successful. Therefore the model for the full data set is presented (Table 3). This model 

combines the site factor with three other variables, decaymin, totbark and logherb, nested 

within site. From the parameter estimates it is evident that the effect of logherb is only evident 

in Møns Klinteskov, the effect of totbark is evident at both Suserup and Møns Klinteskov, 

whereas decaymin has a significant effect in Strødam and Velling. Putting this together does 

not make much sense and little help is gained by including information from the distribution 

of species along the axis. For this reason no further attempt to interpret the axis is presented 

here. 

 

 

DCA1 
Adj. 

R2

P. (in 

full 

model) 

 

DCA2 
Adj. 

R2

P. (in 

full 

model) 

 

DCA3 
Adj. 

R2

P. (in 

full 

model) 

Decaymax*2 0,68 <0,0001  Site 0,63 <0,0001 Logherb (Site) 0,15 0,0052 

Decaymin 0,71 <0,0001  Decayave0,68 <0,0001 Decaymin (Site) 0,25 0,013 

Site 0,79 <0,0001      Site 0,25 0,014 

        Totbark (Site) 0,28 0,0236 

Table 3. Overview of multiple linear regression models for DCA1, 2 and 3 in the Fungi 

subset. Variables are added in a stepwise manner according to p-values. Adj. R2 values refer 

to each stage of the model.   

 



 
Figure 5. DCA ordination diagram showing the distribution of study trees in the ordination 

space defined by axis 1 and 2, based on records of fungi. Symbols are scaled corresponding to 

the average decay stage of the trees.   

 

 



 

 

 
Figure 6. DCA ordination diagram showing the distribution of fungi in the ordination space 

defined by axis 1 and 2. Data as in figure 5. 

 

 

Full dataset 

Since fungi make up a considerable part of the total species pool recorded in the study, it is 

expectable that they have the major effect in the DCA based on the complete data set, with 

bryophytes and higher plants working as moderators. In the analysis of DCA1 this is very 

evident. The axis is highly correlated with DCA1 in the fungal subset, but is also a good 

reflection of DCA1 in the bryophyte subset (Fig. 7). The axis clearly represents a decay-

gradient, Fig. 8, and the optimal multiple regression model, corresponds in all details to the 

model found in the fungi dataset (Table 4).  



Looking at species, Fig. 9, it can be seen that weakly decayed, newly dead trees are 

characterised by communities of typical early, non-agaric decay fungi including endophytes 

as Ascocoryne sarcoides, Bulgaria inquinans, Hypoxylon cohaerens, H. fragiforme and 

Neobulgaria inquinans, early stage polypores and crust fungi like Chondrostereum 

purpureum, Cylindrobasidium evolvens, Datronia moliis, Schizophyllum commune, Stereum 

hirsutum, Trametes gibbosa and T. hirsuta which occur together with epiphytic bryophytes as 

soil 

spect seem to be most important, separating species typical of rich, +/- calcareous soils from 

these occurring mostly on mor soils. There are independent effects of decaymin and totmoss 

nd an effect of decaymin nested within site (Table 4). Of these only the effect of decaymin is 

ixera xylota. Bryophytes; Anomodon viticulosus, Eurhyncium schleieri. 

Fungi; Micromphale brassicolens, Kavinia himantia, Steccherinum fimbriatum) and low 

scores are obtained for species typical of more or less acidic soils (Plants; Sorbus aucuparia. 

Bryophytes, Dicranella heteromalla, Cephalozia bicuspidata, Polytrichum formosum) as well 

as ectomycorrhizal (Inocybe petiginosa, Laccaria spp., Lactarius spp. etc) and bryophyte 

associated fungi (Galerina spp., Mycena spp.)        

DCA3 for the full data set is highly correlated with DCA1 in the higher plants subset, but 

does also account for some of the variation along DCA2 and DCA3 in the fungal subset and 

DCA1 in the bryophyte subset (Fig. 7).  

The axis, like DCA2, combines site and decaystage (Table 4), but with the sites ordered 

differently along the axis (Fig 10). Almost all taxa of bryophytes, grasses, herbs and 

ectomycorrhizal trees (Betula spp., Fagus sylvatica and Picea abies) have optima in the higher 

end of DCA3, while non-ectomycorrhizal tree species (Acer pseudoplatanus, Fraxinus 

excelsior, Prunus avium and Ulmus glabra) have low optima. Only very few fungi have high 

optima, and most of these are ectomycorrhizal (Cortinarius diasemospermus, Lactarius 

Isothecium spp., Ulota sp. and Zygodon spp. No higher plants have their optima on these 

newly dead trees and among the agarics only Oudemansiella mucida and the heart rot agent 

Pholiota aurivellus are present.  

DCA2 of the full data set is highly correlated with DCA2 in both the fungal and the higher 

plant subsets and express a very clear site-related gradient. Like in the fungi subset the 

a

a

highly significant. Parameter estimates for decaymin nested within site shows that decaymin 

has no effect in explaining the distribution of trees from Møns Klinteskov along the axis and 

little effect with respect to trees from Suserup.  

The distribution of species along the axis supports the soil type aspect of the gradient. High 

scores are obtained by species typical of more or less calcareous soils (Plants; Carex sylvatica, 

Hepatica nobilis, Lon



blennius, Russula mairei), bryophyte associates (Mycena hiemalis, Mycena minutula) or cord-
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Figure 7. Scatterplots showing the correlations between axis-scores of study trees along DCA 

axes 1-3 in the ordination of the complete data set (higher plants, bryophytes and 

fungi)(columns) versus axis-scores of the same trees in the separate ordination of each species 



group (rows). For higher plants only axes 1 and 2 are given. Coefficients of the Pearson 

product moment correlation are indicated within the plots in case of a statistically significant 

orrelation. c



 

DCA1 
Adj. 

R2

P. (in full 

model) 

 

DCA2 
Adj. 

R2

P. (in full 

model) 

 

DCA3 
Adj. 

R2

P. (in 

full 

model) 

Decaymax

*2 0,66 <0,0001 

 

Site 0,73 <0,0001 

 Decaymin(Sit

e) 0,4 <0,0001

Decaymin 0,69 <0,0001  Decaymin 0,81 <0,0001  Totmoss 0,44 0,0048 

Site 0,78 <0,0001 

 Decaymin(Sit

e) 0,82 0,0019 

 

Site 0,47 0,007 

    Totmoss 0,83 0,0334     

Table 4. Overview of multiple linear regression models for DCA1, 2 and 3 in the full data set. 

Variables are added in a stepwise manner according to p-values. Adj. R2 values refer to each 

stage of the model.  

 

 
 



Figure 8. DCA ordination diagram showing the distribution of study trees in the ordination 

space defined by axis 1 and 2, based on the complete dataset. Symbols are scaled 

orresponding to the average decay stage of the trees. c

 

 



 

 
 

Figure 9. DCA ordination diagram showing the distribution of higher plants (code xxxXXX; 

eg. picABI), bryophytes (code XXXXXX; eg. MNIHOR) and fungi (code xxxxxx; eg. 

mycren) in the ordination space defined by axis 1 and 2. Data as in figure 8. 

 



 

 
Figure 10. DCA ordination diagram showing the distribution of study trees in the ordination 

mplete dataset. Data as in figure 8. 

 

space defined by axis 1 and 3, based on the co



 

 
 

fungi in the ordination space defined

 

Figure 11. DCA ordination diagram showing the distribution of higher plants, bryophytes and 

 by axis 1 and 3. Data and coding as in figures 8 and 9. 



IV. General conclusions 

ed on the individual country reports there are some genera

 

Bas l conclusions that can be drawn 

are

Spe 250) exceeds that of bryophytes (50-100) and vascular plants 

Wi

diff m the number of sites (if two or more sites were 

Spe fected by geographic location and 

con

 Vascular species use dead wood as a secondary substrate and they occur mainly in the later 

The

ger  earlier decay stages. Logs located in large 

onl

Alt ng effect on the composition of bryophyte 

inh erential epixylic and indifferent 

dea

on soft wood) species colonize logs of later decay stages. Some of them are quite rare or 

ma lous and indifferent species, as well as 

late

wood. The only exception is The Netherlands (where the importance of sites was higher), 

dec  decayed logs. In early decay phases 

mainly ectotrophic pathogens (wound colonizers) and species with latent propagules in living 

regarding observed trends in the composition of fungi, bryophytes and vascular plants, which 

 common in all of the four investigated countries. 

cies number of fungi (150-

by 2-4 times (except for The Netherlands where vascular species richness was very low). 

thin each country the species composition of the investigated sites was significantly 

erent from each other, independently fro

involved). 

cies composition of all organism groups was mostly af

decay stage (and decay related factors) of dead trees, but their importance differed 

siderably among species groups. 

decay stages (their length along decay gradient is narrower than that of bryophytes and fungi). 

re are only a few species (Geranium robertianum, Impatiens parviflora), that often 

minate in the fissures of bark and wood in

canopy gaps versus in deep shade are colonized by different vascular species. Dead wood 

y has a weak, indirect effect for the composition of vascular plants in beech forests. 

hough decay stage of dead wood has a stro

assemblages, geographic location proved to be to most important factor. In earlier stages bark 

abiting bryophytes (epiphytes) dominate on dead trees. Pref

species are the most common on these logs.They can occur on a wide range of substrates: 

d trees of different decay stages, and other substrates.. True epixylic (growing obligatorily 

missing from the Atlantic countries, because of the lack of well decayed logs and other 

nagement induced factors. In this regions terrico

bryophytes occurring on the mineral soil of the uprooting part of the logs are important in 

r stages. 

For fungi the most important factor affecting species composition is decay stage of dead 

because soil conditions of the investigated sites differ considerably, and the range of studied 

ay stages was narrower because of the lack of well



tissues can occur. These species can survive later as saproxylic species. Species of the earlier 

ses are generally slow growing and have a stress-tolerant character. The first colonizers of pha

the trees have a considerable effect on the species composition of the later stages. The most 

for long. In the intermediate stages of decay species with high competitive ability can 

bec

mo es among logs of earlier decay 

of d eral 

lic species. In later stages the 

stoc

Tre ast height) has significant effect for all 

effe es are important for 

diff

bry ependent 

ass uring decay. 

common fungi have a relatively wide tolerance for decay and can live in the decaying wood 

dominate. Species composition of fungal assemblages growing on trees of later decay stages 

omes more heterogeneous, i.e., the species composition of individual logs differs much 

re from that of an other log of similar decay stage than it do

stages. In addition to the most common species group (lignicolous fungi), logs in later stages 

ecay can be colonized by fungi belonging to functionally different species groups: rud

species, mycorrhizal fungi, litter decomposers and true saproxy

proportion species with lower frequency is higher, and species composition gets more 

hastic than in earlier stages. 

e size (expressed as volume or diameter at bre

species groups, especially for bryophytes and fungi. While for frequent species it has little 

ct, many rare species occur almost exclusively on large logs. Large tre

dispersal limited species, because they decay slower, and make special microhabitats for 

erent species. 

The main conclusion of this study is, that dead wood provides important habitats for fungi and 

ophytes. Another important finding is, that in spite of regional and site-d

differences, a clear successional development of dead wood dwelling fungal and bryophyte 

emblages can be observed d
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VI. Appendices 
 

ces of vas lar plan in diffe
LL). Countries are Slovenia (S), Hungary (H), The Netherlands (N), Denmark (D). 

 
ALL 

A

Ae ia 

A  
A  

Are es 
A  

A a 

Brach m 

Ca a 

C  Calam iflora 
CAMRAP Campanula rapunculoides 0 6 0 0 6 
CARARE Carex arenaria 0 0 3 0 3 
CARBET Carpinus betulus 0 0 0 1 1 
CARBUL Cardamine bulbufera 0 28 0 0 28 
CARDIG Carex digitata 2 0 0 0 2 
CARHIR Cardamine hirsuta 2 0 0 0 2 
CARIMP Cardamine impatiens 0 8 0 0 8 

CARMUR Carex muricata 0 1 0 0 1 
CARPIL Carex pilosa 2 0 4 0 6 

CARREM Carex remota 0 0 0 0 0 
CARSYL Carex sylvatica 8 0 0 5 13 
CARTRI Cardamine trifolia 144 0 0 0 144 

CHAANG Chamaenerion angustifolium 0 0 0 0 0 
CHEMAJ Chelidonium majus 0 2 0 0 2 
CHRALT Chrysosplenium alternifolium 5 1 0 0 6 
CHROPP Chrysosplenium oppositifolium 0 0 0 0 0 
CIRLUT Circaea luteciana 1 18 0 1 20 
CIRPAL Cirsum palustre 0 0 0 0 0 
CIRSP. Circaea sp. 0 0 0 1 1 
CIRSSP Cirsium sp. 0 0 0 2 2 

CONMAJ Convallaria majalis 1 0 0 0 1 
CORAVE Corylus avellana 0 0 0 1 1 
CRAMON Crataegus monogyna 0 1 0 0 1 

Appendix 1. Number of occurren cu ts rent countries and in the whole 
data set (A

CODE SPECIES S H N D 
ABIALB Abies alba 51 0 0 0 51 
ACEPLA Acer platanoides 0 39 0 0 39 
ACEPSE c s 

Actaea spicata 
er pseudoplatanu 21 33 0 11 65 

ACTSPI 0 3 0 1 4 
AEGPOD gopodium podagrar 0 14 0 0 14 
AGRSP. Agrostis sp. 0 0 0 1 1 
AJUREP Ajuga reptans 1 0 0 0 1 
ALLPET Alliaria 

Allium sp. 
petiolata 0 21 1 0 22 

ALLSP. 0 2 0 0 2 
LNGLU A

nemone nemorosa 
lnus glutinosa 0 0 0 1 1 

NENEM A
Apoceris foetida 

1 0 0 1 2 
APOFOE 1 0 0 0 1 
AREAGR m d

sarum europaeum
onia agrimonoi 1 0 0 0 1 

ASAEUR 1 0 0 0 1 
ATHFIL thyrium filix-femin 13 23 0 6 42 
BETSP. Betula sp. 0 0 0 3 3 

BRASYL ypodium sylvaticu
Bromus ramosus 

29 0 0 0 29 
BRORAM 0 2 0 0 2 
CALARU l e

Calamagrostis epigeios 
amagrostis arundinac 3 0 0 0 3 

CALEPI 0 0 0 7 7 
ALGRA intha grand 14 0 0 0 14 



 
CODE SPECIES S H N D ALL 

CYCPUR Cyclamen purporascens 3 0 0 0 3 
ris fragilis 0 2 0 CYSFRA Cystopte 0 2 

DACGLO lomerata 8 
D 3 
DA 0  0
D 0  0  
DE 0  9 
D 0  30  
DIG 0  0 
DRY 1 0 0  

0  1 
2  0  

 20
1  0 17 

 19  
E  0 

0  1 
4 1 0
5  3  

FAL
 0

FESDRY  0 
FESGIG  1
F 4  34  
FR  0  
GAL  3 
G  20  

1 5 
GA  0 
G  1 

9  2 
GEU  3  
GL 6  0 66 
GY  1 
HAE  0 
HED  1 
HEL 0  1 
H 0  0 
H  0 
H  3 

 0 

HOLLAN Holcus lanatus 0 0 0 4 4 
HOLMOL Holcus mollis 0 0 0 0 0 
HOREUR Hordelymus europaeus 6 20 2 2 30 
ILEAQU Ilex aquifolium 0 0 0 1 1 
IMPNOL Impatiens noli-tangere 0 38 0 0 38 
IMPPAR Impatiens parviflora 0 45 0 9 54 
ISOTHA Isopyrum thalictroides 1 0 1 0 2 
JUNEFF Juncus effusus 0 0 0 0 0 

Dactylis g 0 1 
0

0 
0 

9 
 ACLOB Dactylis glomerata ssp. lobata 0  3

PLAU Daphne laureola 5  0  
 

5 
APMEZ Daphne mezereum 5  8 13

SCAE Deschampsia caespitosa 0  0 9 
ESFLE Deschampsia flexuosa 0  0  30

PUR Digitalis purpurea 0  0 0 
CAR Dryopteris carthusiana 18  2 39

DRYDIL Dryopteris dilitata 0  0 1 
DRYFIL Dryopteris filix-mas 
DR

13 8 0 41
YSP. Dryopteris sp. 0 0 0  20 

EPIMON Epilobium montanum 
EPISP.

7 0 0
 Epilobium sp. 0 0 0  19

PITET Epilobium tetragonum 0 0 0 0 
EUOEUR Euonymus europaeus 0  0 1 
EUPAMY Euphorbia amygdaloides 13  2  38 
FAGSYL Fagus sylvatica 

Fallopia dum
76 0 0 8 164

DUM etorum 
FESALT  

0 3 0 0 3 
Festuca altissima 2 0 0  2 

 Festuca drymeja 
  

0 1 0 1 
Festuca gigantea 0 1 2  4 

RAEXC Fraxinus excelsior 0 8 0  82
AVES Fragaria vesca 18 4 0 22

APA Galium aparine 0 0 0 3 
ALLUT Galeobdolon luteum 24 0 0  26

GALODO Galium odoratum 111 02 0 218 
LPUB Galeopsis pubescens 0 4 0 4 

A
GERR

LSAX Galium saxatile 0 0 0 1 
OB Geranium robertianum 4 5 0 101 

URB Geum urbanum 0 9 1 13
EHED Glechoma hederacea 
M

0 6 0
DRY Gymnocarpium dryopteris 1 1 0 3 
EPI Haequia epipactis 1 0 1 2 
HEL Hedera helix 0 0 0 1 
ANU Helianthus annuus 0  0 1 

EL
ELODO Helleborus odorus 

NIG Helleborus niger 1  0 1 
1 0 0 1 

EPNOB Hepatica nobilis 0 0 0 3 
HIEMUR Hieracium murorum s.l. 
HIEPIL Hieracium pilosella 

0 
0 1 0 0 1 

2 0 2 



 
CODE IES D  

LACSE 0 0
LAMMA  0 0
LA 0 0 
LA 0 1 
LAR 0 0 
LA 0 0 
LATVER us 0 0 
LONAL 0 0 
L 0 0 
L 0 6 

0 0 
0 0 
0 1 

LU 0 0 
LYCAN  0 0 
MAIBIF um 0 1 
MELUN 0 26  
MENSP 0 0 
MERPE  6 1 15
MILEFF 0 8 
MOE 2 0 0 23 

MON 0 1
MYCM 50 0 4 83 
NE 0 0 

0 1 0 
OXAACE  acetosella 8 0 54  

0 0
P 0 3 
PI
PL 0 0
P 0 0
P 0 13
PO 1 0 0 15 
POASP 0 1 
POA 0 0 
POLAC m 0 0  
PO 0 0 
PO 0 0 
POL 0 2
P 0 0
PR 0 4
PTEA 0 0 0 
RANLAN Ranunculus lanuginosus 0 5 0 0 5 
RIBUVA Ribes uva-crispa 0 1 0 1 2 
ROSSP. Rosa sp. 0 0 0 1 1 

RUBFRU Rubus fruticosus s.l. 7 4 0 0 11 
RUBIDA Rubus idaeus 6 4 0 24 34 
RUPCEA Ruppiaceae sp 0 0 0 3 3 
SALCAP Salix caprea 1 1 0 0 2 
SALGLU Salvia glutinosa 9 0 0 0 9 

SPEC S H N  ALL
R Lactuca serriola 0 1  1 
C Lamium maculatum 16 3  19 

PCOM Lapsana communis 
R

0 4 4 
DEC Larix decidua 0 0 1 
SPE Larix species 0 0 0 

TVEN Lathyrus venetus 4 0 4 
Lathyrus vern 0 4 4 

P Lonicera alpigena 1 0 1 
ONPER Lonicera periclymenum 0 0 0 
ONXYL Lonicera xylosteum 0 0 6 

LU
L

NRED Lunaria rediviva 0 1 1 
UZLUZ Luzula luzuloides 

LU
0 1 1 

ZPIL Luzula pilosa 
ZSY

0 0 1 
 L Luzula sylvestris 

N um
1 0 1

 Lycopodium annotin 1 0 1 
 Maianthemum bifoli 0 0 1 
I Melica uniflora 0 1  27
E Mentha species 1 0 1 
R Mercurialis perennis 30 2  108 
 Milium effusum 0 0 8 

TRI Moehringia trinervia 
H

0 3 
0YP Monotropa hypopitys 

UR lis 
0   1 

Mycelis mura 29 
ONID Neottia nidus-avis 1 0 1 

OMPVER Omphalodes verna 
Oxalis

57 
162 

58 
3048  

PHYSCO Phyllitis scolopendrium 4 0  4 
ICABI Picea abies 1 0 4 
N
AMAJ Plantago major 

SYL Pinus sylvestris 0 0 19 0 19 
0 1  

 
1 

OAANN Poa annua 
O

0 2 2 
 ACEA Poaceae sp. 

ANE
0 0  13

M Poa nemoralis 0 5 
. Poa sp. 0 0 1 

TRI Poa trivialis 0 0 0 
U Polystichum aculeatu 15 0 15

LMUL Polygonatum multiflorum 0 1 1 
LVER Polygonatum verticillatum 0 1 1 

V
REPUR rea 

UL Polypodium vulgare 7 0  
 

9 
Prenanthes purpu 4 0 4 

UAVI Prunus avium 
QU  

0 0  4 
 Pteridium aquilinum 0 0 



 
CODE SPECIES S H N D ALL 

SAMNIG Sambucus nigra 1 4 0 9 14 
SAMRAC Sambucus racemosa 1 2 0 1 4 
SANEUR Sanicula europaea 18 38 0 0 56 
SCOCAR Scopolia carniolica 0 2 0 0 2 
SCRNOD Scrophularia nodosa 1 5 0 0 6 
SENJAC Senecio jacobaea 0 1 0 0 1 
SENOVA Senecio ovatus 36 7 0 0 43 
SOLDUL Solanum dulcamara 1 10 0 0 11 
SORAUC Sorbus aucuparia 0 1 0 4 5 
STASYL Stachys sylvatica 0 15 0 4 19 
STEHOL Stellaria holostea 0 1 0 4 5 
STEMED Stellaria media 0 0 0 0 0 
STENEM Stellaria nemorum 0 2 0 0 2 
STESP. Stellaria sp. 0 0 0 5 5 
STEULI Stellaria uliginosa 0 0 0 0 0 
TAROFF Taraxacum officinale 2 2 0 0 4 
TARSPE Taraxacum sp. 0 0 0 5 5 
TILPLA Tilia platyphyllos 0 11 0 1 12 
TUSFAR Tussilago farfara 0 1 0 0 1 
ULMGLA Ulmus glabra 0 17 0 22 39 
URTDIO Urtica dioica 0 55 0 17 72 

VACMYR Vaccinium myrtillus 1 0 0 0 1 
VERMON Veronica montana 16 3 0 0 19 
VIOREI Viola reichenbachiana 39 77 0 0 116 
VIOSP. Viola sp. 0 0 0 6 6 

 
 



Appendix 2. Number of occurrences of bryophytes in different countries and in the whole data set (Total). Tax.: 
Taxonomical groups (A-acrocarp, P-pleurocarp, H-hepatics), Ecol.: Ecological groups (X-epixylic, E-epyphytic, 

O-opportunistic, T-terricol, U-uproot species (mineral soil), L-epilythic). Countries are Slovenia (S), Hungary 
(H), The Netherlands (N), Belgium (B), Denmark (D). 

 
SPECIES CODE TAX. ECOL. S H N D TOTAL

Amblystegium riparium (Hedw.) Br. Eur. AMBRIP P O 1 1 0 0 2 
Amblystegium serpens (Hedw.) Br. Eur. AMBSER P O 37 120 1 14 172 

Amblystegium subtile (Hedw.) B., S. & G. AMBSUB P O 0 1 0 0 1 
Amblystegium varium (Hedw.) Lindb. AMBVAR P O 0 1 0 2 3 

Anacamptodon splachnoides (Brid.) Brid. ANASPL P X 1 0 0 0 1 
Anomodon attenuatus (Hedw.) Hüb. ANOATT P E 0 11 0 0 11 
Anomodon longifolius (Brid.) Hartm. ANOLON P E 0 1 0 0 1 

Anomodon viticulosus (Hedw.) Hook. & Tayl. ANOVIT P E 1 8 0 3 12 
Antitrichia curtipendula (Hedw.) Brid. ANTCUR P E 6 0 0 1 7 

Apometzgeria pubescens (Schrank) Kuwah. APOPUB H L 1 0 0 0 1 
Atrichum undulatum (Hedw.) Br. Eur. ATRUND A U 20 4 15 14 53 

Aulacomnium androgynum (Hedw.) Schwaegr. AULAND A X 0 0 29 2 31 
Barbula unguiculata Hedw. BARUNG A U 0 1 1 0 2 

Blepharostoma trichophyllum (L.) Dum. BLETRI H X 33 0 0 0 33 
Brachythecium populeum (Hedw.) B., S. & G. BRAPOP P O 8 0 1 0 9 
Brachythecium rutabulum (Hedw.) B., S. & G. BRARUT P O 119 104 132 134 489 
Brachythecium salebrosum (Web. & Mohr.) B., 

S. & G. BRASAL P O 78 102 14 45 239 
Brachythecium velutinum (Hedw.) B., S & G. BRAVEL P O 126 161 1 10 298 

Bryum argenteum Hedw. BRYARG A U 0 0 1 0 1 
Bryum erythrocarpum aggr. BRYERI A O 0 0 0 2 2 
Bryum subelegans Kindb. BRYSUB A O 94 146 8 22 270 

Buxbaumia viridis Brid. ex Moug. & Nestl. BUXVIR A X 2 0 0 0 2 
Calliergonella cuspidata (Hedw.) Loeske CALCUS H O 0 0 1 2 3 

Calypogeia azurea Stotler et Crotz CALAZU H T 4 0 0 0 4 
Calypogeia muellerana (Schiffn.) K. Müll. CALMUE H O 1 0 0 0 1 

Calypogeia suecica H. Am et J. Press.) K. Müll. CALSUE H X 17 0 0 0 17 
Campylopus flexuosus (Hedw.) Brid. CAMFLE A O 0 0 17 1 18 
Campylopus introflexus (Hedw.) Brid. CAMINT A O 0 0 28 3 31 

Campylopus pyriformis (K. F. Schultz) Brid. CAMPYR A O 0 0 9 0 9 
Cephalozia bicuspidata (L.) Dum. CEPBIC H O 4 0 0 11 15 

Cephalozia catenulata (Hüb.) Lindb. CEPCAT H X 18 0 0 0 18 
Cephaloziella hampeana (Nees) Schiffn. CEPHAM H X 1 0 0 0 1 

Cephaloziella rubella (Nees) Warnst. CEPRUB A X 15 0 0 0 15 
Ceratodon purpureus (Hedw.) Brid. CERPUR A O 5 19 13 9 46 
Chiloscyphus polyanthos (L.) Corda CHYPOL H X 3 0 0 0 3 

Climacium dendroides Web. et Mohr. CLIDEN P T 0 1 0 0 1 
Ctenidium molluscum (Hedw.) Mitt. CTEMOL P L 69 0 0 1 70 

Cynodontium polycarpon (Hedw.) Schimp. CYNPOL A L 0 1 0 0 1 
Dicranella heteromalla (Hedw.) Schimp. DICHET A E 0 2 26 4 32 
Dicranodontium denudatum (Brid.) Britt. DICDEN A X 2 0 0 0 2 

Dicranoweisia cirriata (Hedw.) Lindb. Ex Milde DICCIR A U 0 0 74 12 86 



 
SPECIES CODE TAX. ECOL. S H N D TOTAL

Dicranum montanum Hedw. DICMON A E 12 17 106 0 135 
Dicranum scoparium Hedw. DICSCO A O 40 22 74 71 207 

Dicranum tauricum Sap. DICTAU A E 0 1 16 0 17 
Dicranum viride (Sull. and Lesq.) Lindb. DICVIR A E 61 3 0 0 64 

Didymodon vinealis (Brid.) Zander DIDVIN A U 0 0 1 0 1 
Ditrichum pallidum (Hedw.) Hampe DITPAL A U 0 1 0 0 1 

Drepanocladus aduncus (Hedw.) Warnst. DREADU P T 0 0 0 1 1 
Drepanocladus sp. DRESPE P T 0 0 0 2 2 

Encalypta streptocarpa Hedw. ENCSTR A L 2 1 0 0 3 
Eucladium verticillatum (Brid.) B., S. & G. EUCVER A L 0 0 0 1 1 
Eurhynchium angustirete (Broth.) T. Kop. EURANG P T 27 2 0 0 29 
Eurhynchium hians (Hedw.) Sande Lac. EURHIA P U 2 0 1 0 3 

Eurhynhium praelongum (Hedw.) B., S. & G. EURPRA P L 2 0 58 11 71 
Eurhynhium striatulum Spruce (B., S. & G. EURLUM P O 0 0 0 1 1 

Eurhynhium striatum (Hedw.) Schimp. EURSTR P T 6 0 13 0 19 
Fissidens adianthoides Hedw. FISADI A O 0 0 0 1 1 

Fissidens bryoides Hedw. FISBRY A U 0 0 1 0 1 
Fissidens dubius P. Beauv FISDUB A L 54 0 0 0 54 
Fissidens taxifolius Hedw. FISTAX A U 12 0 0 0 12 
Frullania dilatata (L.) Dum. FRUDIL H E 65 3 0 0 68 

Frullania tamarisci (L.) Dum. FRUTAM H E 5 0 0 0 5 
Grimmia hartmanii Schimp. GRIHAR A L 1 2 0 0 3 

Grimmia species GRISPE A L 1 0 0 0 1 
Hedwigia ciliata (Hedw.) P. Beauv. HEDCIL A L 1 1 0 0 2 
Herzogiella seligeri (Brid.) Iwats. HERSEL P X 87 118 20 34 259 

Homalia besseri Lob. HOMBES P E 0 7 0 0 7 
Homalia trichomanoides (Hedw.) Brid. HOMTRI P L 2 0 0 0 2 

Homalothecium philippeanum (Spruce.) B., S. 
& G. HOMPHI P L 7 4 0 0 11 

Homalothecium sericeum (Hedw.) B., S. & G. HOMSER P E 62 13 0 18 93 
Homomallium incurvatum (Brid.) Loeske HOMINC P E 0 0 0 1 1 

Hygrohypnum luridum (Hedw.) Jenn. HYGLUR P L 1 0 0 0 1 
Hylocomium splendens (Hedw.) Br. Eu. HYLSPL P T 0 0 0 2 2 

Hypnum cupressiforme Hedw. HYPCUP P O 199 184 144 162 689 
Hypnum jutlandicum Holmen & Warncke HYPJUT P U 0 0 18 0 18 
Isothecium alopecuroides (Dubois) Isov. ISOALO P E 157 38 0 7 202 

Isothecium myosuroides Brid. ISOMYO P E 1 0 22 66 89 
Jungermannia leiantha Grolle JUNLEI H X 22 0 0 0 22 

Lejeunea cavifolia (Ehrh.) Lindb. LEJCAV H E 30 0 0 0 30 
Lepidozia reptans (L.) Dum. LEPREP H X 30 0 0 0 30 

Leucobryum glaucum (Hedw.) Angstr. LEUGLA A X 0 0 42 1 43 
Leucodon sciuroides (Hedw.) Schwaegr. LEUSCI P E 32 7 0 0 39 

Lophocolea bidentata (L.) Dum. LOPBID H X 0 0 0 8 8 
Lophocolea heterophylla (Schrad.) Dum. LOPHET H T 143 146 61 40 390 

Lophocolea minor Nees LOPMIN H X 1 10 0 0 11 
Lophozia ascendens (Warnst.) Schust. LOPASC H X 0 2 0 0 2 

Metzgeria conjugata Lindb. METCON H E 42 0 0 0 42 
Metzgeria furcata (L.) Dum. METFUR H E 134 54 12 53 253 

Mnium hornum Hedw. MNIHOR A U 0 0 23 34 57 
Mnium marginatum (Dicks) P. Beauv. MNIMAR A X 13 0 0 0 13 

Mnium stellare Hedw. MNISTE A X 3 1 0 1 5 
Mnium thomsonii Schimp. MNITOM A X 1 0 0 0 1 



 
SPECIES CODE TAX. ECOL. S H N D TOTAL

Neckera complanata (Hedw.) Hüb. NECCOM P E 41 2 0 29 72 
Neckera crispa Hedw. NECCRI P E 52 0 0 1 53 
Neckera pumila Hedw. NECPUM P E 11 0 0 0 11 

Nowellia curvifolia (Dicks.) Mitt. in Godman NOWCUR H X 55 3 0 1 59 
Odontoschisma denudatum (Mart.) Dum. ODODEN H X 1 0 0 0 1 

Orthodontium lineare Schwaegr. ORTLIN A E 0 0 0 1 1 
Orthotrichum affine Brid. ORTAFF A E 2 0 8 5 15 

Orthotrichum diaphanum Brid. ORTDIA A E 0 1 7 0 8 
Orthotrichum lyellii Hook. & Tayl. ORTLYE A E 10 1 3 0 14 

Orthotrichum speciosum Nees ORTSPE A E 0 0 0 3 3 
Orthotrichum stramineum Hornsch. ex Brid. ORTSTR A E 67 35 3 11 116 
Paraleucobryum longifolium (Hedw.) Loeske PARLON A E 115 36 0 0 151 

Plagiochila porelloides (Torrey ex Nees) 
Lindenb. PLAPOR A T 113 6 0 0 119 

Plagiomnium affine (Bland.) T. Kop. PLAAFF P U 4 0 0 0 4 
Plagiomnium cuspidatum (Hedw.) Kop. PLACUS A O 46 70 0 3 119 

Plagiomnium ellipticum (Brid.) Kop. PLAELL P X 44 0 0 0 44 
Plagiomnium rostratum (Schrad.) T. Kop. PLAROS A O 1 1 0 0 2 

Plagiomnium undulatum (Hedw.) Kop. PLAUND P E 40 0 0 2 42 
Plagiothecium cavifolium (Brid.) Iwats. PLACAV P E 14 5 0 12 31 

Plagiothecium denticulatum (Hedw.) Br. Eur. PLADEN P X 4 45 2 4 55 
Plagiothecium laetum Br. Eur. PLALAE H O 1 1 10 3 15 

Plagiothecium latebricola Br. Eur. PLALAT P E 0 0 0 1 1 
Plagiothecium nemorale (Mitt.) Jaeg. PLANEM A O 84 9 0 5 98 

Plagiothecium undulatum (Hedw.) Br. Eur. PLTUND A T 0 0 1 0 1 
Platygyrium repens (Brid.) B., S. & G. PLAREP P T 16 51 1 3 71 

Pleurozium schreberi (Brid.) Mitt. PLESCH P T 1 2 0 1 4 
Pogonatum aloides (Hedw.) P. Beauv. POGALO A U 0 0 1 0 1 

Pohlia melanodon (Brid.) Shaw POHMEL A U 0 1 0 0 1 
Pohlia nutans (Hedw.) Lindb. POHNUT A U 0 1 2 3 6 
Polytrichum formosum Hedw. POLFOR A U 9 0 57 20 86 
Polytrichum longisetum Brid. POLLON A O 0 0 15 0 15 
Polytrichum piliferum Hedw. POLPIL A U 0 0 1 1 2 
Porella platyphylla (L.) Pfeiff. PORPLA H E 13 0 0 12 25 

Pottia species POTSPE A U 0 0 0 1 1 
Pseudoleskeella nervosa (Brid.) Nyh. PSENER P U 3 100 0 0 103 

Pseudoscleropodium purum (Hedw.) Fleisch. PSEPUR P E 0 0 1 0 1 
Pseudotaxiphyllum elegans (Brid.) Iwats. PSEELE P T 0 0 2 0 2 

Pterigynandrum filiforme Hedw. PTEFIL P E 148 129 0 0 277 
Ptilidium pulcherrimum (G. Web.) Vainio PTIPUL H O 0 0 2 0 2 

Pylaisia polyantha (Hedw.) Schimp. PYLPOL P E 4 5 0 2 11 
Radula complanata (L.) Dum. RADCOM H E 119 14 0 0 133 

Rhizomnium punctatum (Hedw.) Kop. RHIPUN A X 105 51 0 2 158 
Rhynchostegium confertum (Dicks.) B., S. & G. RHYCON P E 0 0 25 0 25 

Rhynchostegium murale (Hedw.) B., S. & G. RHYMUR P T 17 0 0 0 17 
Rhytidiadelphus loreus (Hedw.) Warnst. RHYLOR P L 8 0 1 4 13 

Rhytidiadelphus squarrosus (Hedw.) Warnst. RHYSQU P T 0 0 0 4 4 
Rhytidiadelphus triquetrus (Hedw.) Warnst. RHYTRI P T 4 0 0 0 4 

Riccardia latifrons (Lindb.) Lindb. RICLAT H X 11 0 2 0 13 



 
SPECIES CODE TAX. ECOL. S H N D TOTAL

Riccardia multifida (L.) S. Gray RICMUL H X 14 0 0 0 14 
Riccardia palmata (Hedw.) Carruth. RICPAL H X 62 0 0 0 62 
Sanionia uncinata (Hedw.) Loeske SANUNC P O 51 27 0 0 78 
Scapania umbrosa (Schrad.) Dum. SCAUMB H X 1 0 0 0 1 

Tetraphis pellucida Hedw. TETPEL A X 11 1 17 1 30 
Thamnobryum alopecurum (Hedw.) Gang. THAALO P E 6 0 0 0 6 

Thuidium tamariscinum (Hedw.) B., S. & G. THUTAM P T 41 0 1 0 42 
Tortella tortuosa (Hedw.) Limpr. TORTOR A L 35 0 0 1 36 
Tortula ruralis (Hedw.) Gaertn. TORRUR A U 1 5 0 0 6 

Tortula subulata Hedw. TORSUB A O 0 5 0 0 5 
Ulota bruchii Hornsch. Ex Brid. ULOBRU A E 0 0 13 1 14 

Ulota crispa (Hedw.) Brid. ULOCRI A E 49 0 0 9 58 
Weissia condensa (Voit.) Lindb. WEICON A U 2 0 0 0 2 

Zygodon conoideus (Dicks.) Hook. & Tayl. ZYGCON A E 0 0 12 6 18 
Zygodon rupestris Schimp. Ex Lor. ZYGRUP A E 37 0 0 6 43 

 
 



Appendix 3. Number of occurrences of fungi in different countries and in the whole data set (Total). Ecol.: 
Ecological groups (B-bryophile, L-lignicolous, T-terricol (litter or soil), M-mycorrhiza species). SSI: Categories 

of “Species of Special Interest” (A- very rare and severely threatened everywhere in Europe, B- rare all over 
Europe and threatened in several countries, C- locally rare and threatened species). Countries are Slovenia (S), 

Hungary (H), The Netherlands (N), Belgium (B), Denmark (D). 
 
 

SPECIES CODE ECOL. SSI S H N D TOTAL
Abortiporus biennis (Bull.: Fr.) Singer abobie L C 0 0 1 0 1 

Agaricus langei (F.H.Moeller) F.H.Moeller agalan T - 0 2 0 0 2 
Agaricus sylvicola (Vitt.) Peck agasyl T - 0 0 0 1 1 
Agrocybe erebia (Fr.) Singer agrerb T C 0 1 0 0 1 

Agrocybe praecox (Pers.: Fr.) Fayod agrpra T - 1 3 0 0 4 
Amanita pantherina (DC.: Fr.) Krombh. amapan M - 1 0 0 0 1 

Amanita rubescens Pers.: Fr. amarub M - 0 0 1 0 1 
Antrodia xantha (Fr.: Fr.) Ryvarden antxan L - 0 0 0 1 1 

Antrodiella aff. hoehnelii (Bres.) Niemelä antsp L - 0 0 0 1 1 
Antrodiella hoehnelii (Bres.) Niemelä anthoe L - 1 12 5 0 18 

Antrodiella semisupina (Berk. & Curt.) 
Ryvarden & Johans. antsem L - 0 4 13 12 29 

Armillaria lutea Gillet armlut L - 26 10 24 52 112 
Armillaria mellea (Vahl: Fr.) P.Kumm. armmel L - 0 18 0 1 19 
Armillaria ostoyae (Romagn.) Herink armost L - 0 0 11 0 11 
Arrhenia retiruga (Bull.: Fr.) Redhead arrret B - 0 0 0 1 1 
Ascocoryne cylichnium (Tul.) Korf asccyl L - 45 6 46 59 156 

Ascocoryne sarcoides (Jacq.: Fr.) Groves & 
Wilson ascsar L - 18 5 29 20 72 

Ascotremella faginea (Peck) Seaver ascfag L - 0 0 4 0 4 
Auricularia auricula-judae (Bull.: Fr.) Wettst. auraur L - 0 5 0 6 11 

Auricularia mesenterica (Dicks.) Pers. aurmes L - 0 15 0 0 15 
Biscogniauxia nummularia (Bull.: Fr.) O.K. bisnum L C 7 3 7 0 17 

Bjerkandera adusta (Willd.: Fr.) P.Karst. bjeadu L - 66 43 50 41 200 
Bjerkandera fumosa (Pers.: Fr.) P.Karst. bjefum L - 0 0 2 0 2 

Bolbitius reticulatus (Pers.: Fr.) Rick. bolret L - 0 6 1 4 11 
Boletus pascuus (Pers.) Krombh. bolpas M - 0 1 2 0 3 

Boletus pruinatus Fr. bolpru M - 0 0 0 1 1 
Boletus pulverulentus Opat. bolpul M - 0 0 0 1 1 

Boudiera tracheia (Gamundi) Dissing & T. 
Schum. boutra T - 0 0 0 1 1 

Bulgaria inquinans (Pers.: Fr.) Fr. bulinq L - 2 2 5 9 18 
Calocera cornea (Batsch: Fr.) Fr. calcor L - 32 38 15 26 111 

Calocybe falax (Sacc.) Sing. ex Redhead & 
Sing. calfal T - 0 3 0 0 3 

Camarops lutea (Alb. & Schw.) Nannf. camlut L - 0 0 1 2 3 
Camarops polysperma (Mont.) Miller campol L - 0 0 0 4 4 

Camarops tubulina (Alb. & Schw.) Shear camtub L B 3 0 0 8 11 
Cantharellus tubaeformis (Bull.: Fr.) Fr. cantub M - 2 0 0 2 4 

Catinella olivacea (Batsch) Boud. catoli L C 0 0 0 1 1 
Ceriporia excelsa (Lund.) Parm. cerexc L C 11 3 6 7 27 
Ceriporia purpurea (Fr.) Donk cerpur L C 1 5 0 0 6 

Ceriporia reticulata (Hoffm.: Fr.) Dom. cerret L C 9 7 0 6 22 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Ceriporiopsis gilvescens (Bres.) Dom. cergil L B 12 12 3 0 27 
Ceriporiopsis mucida (Pers.:Fr.) Gilb. & 

Ryvarden cermuc L B 1 0 0 0 1 
Ceriporiopsis pannocincta (Rom.) Gilb. & 

Ryvarden cerpan L A 0 3 1 0 4 
Cerrena unicolor (Bull.: Fr.) Murr. ceruni L B 1 3 0 0 4 

Chlorociboria aeruginascens (Nyl.) Kanouse chlaer L - 3 0 0 11 14 
Chondrostereum purpureum (Pers.: Fr.) Pouz. chopur L - 0 0 5 8 13 

Clavariadelphus fistulosus (Holmskj.: Fr.) 
Corner clafis T - 0 1 0 0 1 

Clavicorona pyxidata (Pers.: Fr.) clapyx L A 0 2 0 0 2 
Clavulina cinerea (Bull. : Fr.) J. Schroet. clacin M - 1 0 0 0 1 
Clavulina coralloides (L. : Fr.) J. Schroet. clacor M - 2 3 0 2 7 
Clitocybe candicans (Pers.: Fr.) P.Kumm. clican T - 0 4 0 0 4 

Clitocybe cfr. obsoleta cliobs T - 0 8 0 0 8 
Clitocybe diatreta (Fr.: Fr.) P.Kumm. clidia T - 0 0 0 8 8 

Clitocybe fragrans (With.: Fr.) P.Kumm. clifra T - 0 16 0 0 16 
Clitocybe gibba (Pers.: Fr.) P.Kumm. cligib T - 0 4 0 1 5 

Clitocybe metachroa (Fr.: Fr.) P.Kumm. climet T - 0 1 0 8 9 
Clitocybe nebularis (Batsch: Fr.) P.Kumm. clineb T - 1 5 1 1 8 

Clitocybe odora (Bull.: Fr.) P.Kumm. cliodo T - 0 3 0 0 3 
Clitocybe phaeophtalma (Pers.) Kuyper clipha T - 0 14 0 0 14 

Clitocybe phyllophila (Pers.: Fr.) P.Kumm. cliphy T - 0 6 0 4 10 
Clitocybe trulliformis (Fr.) P.Karst. clitru T - 0 3 0 2 5 
Clitocybe truncicola (Peck) Sacc. clitra L C 0 0 0 1 1 

Clitopilus hobsonii (Berk.) P.D.Orton clihob L C 0 0 5 27 32 
Clitopilus prunulus (Scop.: Fr.) P.Kumm. clipru T - 1 0 0 0 1 

Clitopilus scyphoides (Fr.: Fr.) Singer cliscy L - 0 0 0 0 0 
Collybia butyracea (Bull.: Fr.) P.Kumm. colbut T - 1 11 1 0 13 
Collybia confluens (Pers.: Fr.) P.Kumm. colcon T - 0 4 1 0 5 

Collybia cookei (Bres.) J.D.Arnold colcoo T - 1 5 0 15 21 
Collybia dryophila (Bull.: Fr.) P.Kumm. coldry T - 1 7 0 2 10 
Collybia erythropus (Pers.: Fr.) P.Kumm. colery T - 0 2 0 0 2 

Collybia hariolorum (DC.: Fr.) Quél. colhar T - 0 7 0 0 7 
Collybia peronata (Bolt.: Fr.) P.Kumm. colper T - 1 22 0 0 23 

Conocybe aporus Kits Wav. conapo T - 9 0 0 0 9 
Conocybe arrhenii (Fr.) Kits conarr T - 0 1 0 0 1 

Conocybe blattaria (Fr.: Fr.) Kühn. conbla T - 0 1 0 1 2 
Conocybe brunnea (J.E.Lange & Kühner) ex 

Watling conbru L - 0 0 0 3 3 
Conocybe filaris (Fr.) Kühner confil T - 0 0 1 0 1 

Conocybe semiglobata (Kühner ex) Kühner & 
Watling consem T - 0 0 0 3 3 

Conocybe subpubescens P.D.Orton consub L - 12 4 0 22 38 
Conocybe tenera (Schaeff.: Fr.) Fayod conten T - 0 0 0 1 1 

Conocybe tetraspora Singer contet T - 0 0 0 2 2 
Coprinus alopecia Lasch copalo L C 0 0 0 1 1 

Coprinus disseminatus (Pers.: Fr.) Gray copdis L - 2 0 2 1 5 
Coprinus domesticus (Bolt.: Fr.) Gray copdom L - 0 0 0 1 1 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Coprinus lagopides P.Karst. coplag L - 0 2 0 0 2 
Coprinus lagopus (Fr.: Fr.) Fr. coplau L - 0 15 0 0 15 

Coprinus micaceus (Bull.: Fr.) Fr. copmic L - 30 9 23 53 115 
Coprinus radians (Desm.: Fr.) Fr. coprad L - 1 5 1 0 7 

Coprinus silvaticus Peck copsil L B 0 27 0 0 27 
Cortinarius aff. decipiens (Pers.: Fr.) Fr. cordec M - 0 0 0 1 1 

Cortinarius atrovirens Kalchbr. coratr M - 1 0 0 0 1 
Cortinarius battailei (Moser) HZiland corbat M - 2 0 0 0 2 

Cortinarius bulbiger (Alb. & Schw.: Fr.) 
J.E.Lange corbul M - 0 1 0 0 1 

Cortinarius delibutus Fr. cordel M - 0 0 2 0 2 
Cortinarius diasemospermus D. Lam. cordia M - 0 0 0 5 5 

Cortinarius flexipes (Pers.: Fr.) Fr. corfle M - 0 0 0 1 1 
Cortinarius olivaceofuscus Kuhner coroli M - 0 0 0 1 1 

Crepidotus applanatus (Pers.) P.Kumm. creapp L B 18 10 0 0 28 
Crepidotus cesatii Rabenh. creces L C 0 2 0 0 2 

Crepidotus epibryus (Fr.: Fr.) Quél. creepi T - 1 3 0 1 5 
Crepidotus lundellii Pilat crelun L - 0 7 0 0 7 

Crepidotus mollis (Schaeff.: Fr.) Staude cremol L - 2 3 1 0 6 
Crepidotus variabilis (Pers.: Fr.) Kumm. crevar L - 1 0 1 0 2 

Crepidotus versutus (Peck) Sacc. crever L - 1 0 0 0 1 
Cyathus striatus (Huds.) Willd.: Pers. cyastr L - 0 1 0 0 1 

Cystoderma carcharias (Pers.) Konr. & Maubl. cyscar T - 2 0 0 3 5 
Cystoderma jasonis (Cooke & Mass.) Harm. cysjas T - 0 0 1 1 2 

Cystolepiota seminuda (Lasch) Bon cyssem T - 1 4 0 2 7 
Daedaleopsis confragosa (Bolt.: Fr.) Schroet. daecon L - 0 2 0 0 2 

Datronia mollis (Sommerf.: Fr.) Donk datmol L - 12 26 10 16 64 
Dentipellis fragilis (Pers.: Fr.) Donk denfra L B 9 4 0 0 13 

Discina parma J.Breitenb. & Maas Geest. dispar L A 3 2 0 0 5 
Entoloma albotomentosum Noordel. & Hauskn. entalb T - 0 0 0 1 1 
Entoloma cephalotrichum (P.D.Orton) Noordel. entcep T - 0 0 0 1 1 

Entoloma cetratum (Fr.: Fr.) Moser entcet T - 0 0 0 2 2 
Entoloma conferendum (Britz.) Noordel. entcon T - 0 0 1 0 1 
Entoloma dichroum (Pers.: Fr.) P.Kumm. entdic L C 0 2 0 0 2 

Entoloma papillatum (Bres.) Dennis entpap T - 0 2 0 0 2 
Entoloma rhodopolium (Fr.: Fr.) P.Kumm. entrho T - 4 2 0 2 8 
Entoloma subradiatum (Kuhn. & Romagn.) 

Moser entsub T - 0 0 0 1 1 
Entoloma tjallingiorum Noordel. enttja L C 0 0 0 2 2 

Eutypa spinosa (Pers.: Fr.) Tul. & C.Tul. eutspi L - 88 150 117 123 478 
Exidia glandulosa (Bull: Fr.) Fr. exigla L - 17 18 0 8 43 
Exidia nucleata (Schwein.) Burt. exinuc L - 0 0 2 9 11 

Femsjonia peziziformis (Lév.) P.Karst. fempez L B 0 0 2 0 2 
Flammulaster carpophilus (Fr.) Earle flacar T - 0 0 0 2 2 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Flammulaster limulatus (Fr.) Watling flalim L C 6 8 0 1 15 
Flammulaster muricatus (Fr.: Fr.) Watling flamur L A 0 0 0 1 1 
Flammulina velutipes (Curt.: Fr.) P.Karst. flavel L - 3 1 0 1 5 

Fomes fomentarius (L.: Fr.) Fr. fomfom L - 108 118 77 96 399 
Fomitopsis pinicola (Swartz: Fr.) P.Karst. fompin L - 26 5 1 36 68 

Galerina atkinsoniana A.H.Smith galatk B - 0 0 0 6 6 
Galerina calyptrata P.D.Orton galcal B C 0 0 0 1 1 
Galerina camerina (Fr.) Kühn. galcam L - 4 0 0 0 4 
Galerina cerina Smith & Sing. galcer B - 4 0 0 0 4 

Galerina hypnorum (Schrank: Fr.) Kuhner galhyp B - 0 0 5 14 19 
Galerina marginata (Batsch) Kuhner galmar L - 37 33 3 81 154 
Galerina mniophila (Lasch) Kühn. galmni B - 3 0 0 0 3 

Galerina nana  (Petri) Kuhner galnan L - 0 0 1 0 1 
Galerina pallida (Pilát) Horak & Moser galpal L - 1 0 0 0 1 
Galerina stylifera (Atk.) Smith & Sing. galsty L - 1 0 0 0 1 

Galerina triscopa (Fr.) Kuhner galtri L B 3 0 0 11 14 
Galerina vittaeformis (Fr.) Singer galvit B - 0 0 2 14 16 

Ganoderma lipsiensis (Batsch) Atk. ganlip L - 23 50 88 38 199 
Ganoderma lucidum (Curt.: Fr.) P.Karst. ganluc L C 0 0 1 0 1 

Ganoderma pfeifferi Bres. ganpfe L C 0 0 0 3 3 
Geastrum fimbriatum Fr. geafim T - 0 2 0 1 3 
Geastrum triplex Jungh. geatri T - 0 2 0 1 3 

Gloeophyllum sepiarium (Wulfen: Fr.) P.Karst. glosep L C 0 0 0 2 2 
Gymnopilus sapineus (Fr.: Fr.) Maire gymsap L - 0 0 4 1 5 
Hebeloma cfr. edurum Métr. ex Bon hebedu M - 0 0 1 0 1 

Hebeloma radicosum (Bull.: Fr.) Ricken hebrad M - 1 0 0 0 1 
Helvella elastica Bull. helela T - 1 0 0 0 1 

Helvella lacunosa Afz.: Fr. hellac T - 0 0 0 1 1 
Helvella nigricans Pers. helnig T - 1 0 0 0 1 

Helvella pezizoides Afz.: Fr. helpez T - 0 1 0 0 1 
Henningsomyces candidus (Pers.: Fr.) O.K. hencan L - 1 2 0 10 13 

Hericium  coralloides (Scop.: Fr.) Pers. hercor L B 0 4 0 1 5 
Heterobasidion annosum (Fr.) Bref. hetann L - 0 0 1 0 1 

Hohenbuehelia auriscalpium (Maire) Singer hohaur L C 0 0 4 1 5 
Hohenbuehelia fluxilis (Fr.: Fr.) P.D. Orton hohflu L C 4 0 0 0 4 
Hohenbuehelia mastrucata (Fr.: Fr.) Singer hohmas L B 1 0 1 0 2 
Humaria hemisphaerica (Wigg.: Fr.) Fuckel humhem T - 1 1 0 1 3 

Hydnum rufescens Fr. hydruf M - 0 1 0 0 1 
Hydropus subalpinus (Hšhn.) Singer hydsub L C 0 2 0 0 2 

Hygrophoropsis aurantiaca (With.: Fr.) Maire hygaur T - 0 0 0 5 5 
Hyphodontia flavipora (syn. Schizpora f.) hypfla L - 1 0 42 0 43 

Hyphodontia paradoxa (Schrad.: Fr.) E.Langer 
& Vesterh. hyppar L - 1 18 33 14 66 

Hyphodontia radula (Pers.: Fr.) E.Langer & 
Vesterh. hyprad L - 0 0 0 6 6 

Hypholoma capnoides (Fr.: Fr.) P.Kumm. hypcap L - 4 0 0 0 4 
Hypholoma fasciculare (Huds.: Fr.) P.Kumm. hypfas L - 19 14 94 55 182 
Hypholoma lateritium (Schaeff.: Fr.) P.Kumm. hyplat L - 0 4 6 2 12 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Hypocrea albofulva Berk. & Broome hypalb L - 1 0 0 0 1 
Hypocrea citrina (Pers.: Fr.) Fr. hypcit L - 0 0 14 1 15 

Hypocrea gelatinosa (Tode: Fr.) Fr. hypgel L - 3 2 0 2 7 
Hypocrea lutea (Tode) Petch hyplut L - 2 0 0 0 2 

Hypocrea rufa (Pers.) Fr. hypruf L - 10 6 6 6 28 
Hypoxylon cohaerens (Pers.: Fr.) Fr. hypcoh L - 17 0 58 22 97 

Hypoxylon fragiforme (Pers.: Fr.) Kickx hypfra L - 36 16 46 27 125 
Hypoxylon macrocarpum Pouz. hypmac L - 1 0 0 11 12 

Hypoxylon multiforme (Fr.: Fr.) Fr. hypmul L - 2 18 0 9 29 
Hypoxylon rubiginosum (Pers.: Fr.) Fr. hyprub L - 2 3 31 8 44 
Hypsizygus tessulatus (Bull.: Fr.) Sing. hyptes L C 1 0 0 0 1 

Inocybe cincinnata (Fr.: Fr.) Quél. inocin M - 0 0 0 2 2 
Inocybe erubescens Blytt inoeru M - 0 1 0 0 1 

Inocybe lanuginosa (Bull.: Fr.) P.Kumm. inolan M - 0 0 0 1 1 
Inocybe petiginosa (Fr.: Fr.) Gillet inopet M - 1 0 0 4 5 

Inocybe pusio P.Karst. inopus M - 0 0 0 1 1 
Inonotus cuticularis (Bull.: Fr.) P.Karst. inocut L B 0 3 1 0 4 

Inonotus nodulosus (Fr.) P.Karst. inonod L C 20 24 13 14 71 
Inonotus obliquus (Pers.: Fr.) Pilat inoobl L - 0 5 0 0 5 

Ischnoderma resinosum (Schrad.: Fr.) P.Karst. iscres L B 9 26 0 6 41 
Kavinia himantia (Schw.) J.Erikss. kavhim L B 0 0 0 3 3 

Laccaria amethystina Cooke lacame M - 10 2 5 32 49 
Laccaria laccata (Scop.: Fr.) Berk. & Br. laclac M - 1 2 2 8 13 

Laccaria proxima (Boud.) Pat. lacpro M - 0 0 2 0 2 
Laccaria tortilis (Bolt.) Cooke lactor M - 1 0 0 0 1 
Lactarius blennius (Fr.: Fr.) Fr. lacble M - 2 1 0 5 8 

Lactarius camphoratus (Bull.: Fr.) Fr. laccam M - 0 0 0 1 1 
Lactarius glutinopallens Britzelm. lacglu M - 1 0 0 0 1 

Lactarius salmonicolor R.Heim & Lecl. lacsal M - 2 0 0 0 2 
Lactarius serifluus (DC.:Fr.) Fr. lacser M - 0 3 0 0 3 

Lactarius subdulcis (Bull.: Fr.) Gray lacsub M - 19 55 1 29 104 
Lactarius tabidus Fr. lactab M - 0 0 9 0 9 

Laxitextum bicolor (Pers.: Fr.) Lentz laxbic L - 1 1 2 3 7 
Lentaria epichnoa (Fr.) Corner lenepi L C 2 0 0 3 5 

Lentaria mucida (Pers.: Fr.) Corner lenmuc L C 18 0 0 0 18 
Lentinellus cochleatus (Pers.: Fr.) P.Karst. lencoc L B 0 2 1 0 3 

Lentinellus vulpinus (Sowerby: Fr.) Kuhner & 
Maire lenvul L A 0 0 0 1 1 

Lentinus strigosus (Schw.) Fr. lenstr L C 0 1 0 0 1 
Lenzites betulinus (L.: Fr.) Fr. lenbet L C 1 2 0 0 3 

Leotia lubrica Scop.: Fr. leolub T - 1 0 0 0 1 
Lepiota aspera (Pers.: Fr.) Quél. lepasp T - 0 4 0 1 5 

Lepiota boudieri Bres. lepbou T - 0 6 0 2 8 
Lepiota castanea Quél. lepcas T - 0 1 0 1 2 

Lepiota clypeolaria (Bull.: Fr.) P.Kumm. lepcly T - 0 14 0 0 14 
Lepiota cristata (Bolt.: Fr.) P.Kumm. lepcri T - 0 16 0 1 17 

Lepiota ventriosospora Reid lepven T - 0 0 0 1 1 
Lepista flaccida (Sow.: Fr.) Pat. lepfla T - 0 2 0 2 4 
Lepista nuda (Bull.: Fr.) Cooke lepnud T - 0 1 0 2 3 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Leucopaxillus giganteus leugig T - 0 3 0 0 3 
Lopharia spadicea (Pers.: Fr.) Boid. lopspa L B 0 1 0 0 1 
Lycoperdon echinatum Pers.: Pers. lycech T - 2 2 0 0 4 

Lycoperdon foetidum Bonord. lycfoe T - 0 0 0 5 5 
Lycoperdon perlatum Pers.: Pers. lycper L - 3 1 3 27 34 

Lycoperdon pyriforme Schaeff.: Pers. lycpyr L - 26 62 7 52 147 
Lycoperdon umbrinum Pers.: Pers. lycumb T - 0 0 0 1 1 
Lyophyllum rancidum (Fr.) Singer lyoran T - 0 2 0 0 2 

Macrolepiota rhacodes (Vitt.) Singer macrha T - 0 17 3 2 22 
Marasmiellus ramealis (Bull.: Fr.) Singer marram L - 0 0 1 0 1 

Marasmius alliaceus (Jacq.: Fr.) Fr. marall L - 41 98 0 93 232 
Marasmius bulliardii Quel. marbul T - 2 0 0 0 2 

Marasmius cohaerens (Alb. & Schw.: Fr.) 
Cooke & Quél. marcoh T - 0 0 0 2 2 

Marasmius rotula (Scop.: Fr.) Fr. marrot L - 0 56 4 11 71 
Marasmius torquescens Quél. martor T - 0 12 0 1 13 

Marasmius wynnei Berk. & Br. marwyn T - 1 5 0 3 9 
Megacollybia platyphylla (Pers.: Fr.) Kotl. & 

Pouz. megpla L - 1 4 24 7 36 
Melanoleuca polioleuca (Fr.) Kuehn. et Mre. melpol T - 0 2 0 0 2 
Melanophyllum aimatospermum (Bull.: Fr.) 

Kreisel melaim T - 0 4 0 3 7 
Meripilus giganteus (Pers.: Fr.) P.Karst. mergig L C 0 6 31 11 48 
Merismodes anomalus (Pers.: Fr.) Singer merano L - 0 0 0 1 1 

Meruliopsis corium (Fr.) Ginns mercor L - 0 3 0 1 4 
Micromphale brassicolens (Romagn.) P.D.Orton micbra T - 0 6 0 9 15 

Micromphale foetidum (Sowerby: Fr.) Singer micfoe L - 0 0 0 1 1 
Mutinus caninus (Huds.: Pers.) Fr. mutcan L C 1 1 5 4 11 

Mycena abramsii (Murr.) Murr. mycabr L - 0 0 4 2 6 
Mycena acicula (Schaeff.: Fr.) P.Kumm. mycaci L - 2 2 0 0 4 

Mycena alba (bres.) Kühn. mycalb L B 1 0 0 0 1 
Mycena arcangeliana Bres. mycarc L - 30 105 26 0 161 

Mycena cinerella (P.Karst.) P.Karst. myccin T - 0 0 3 3 6 
Mycena crocata (Schrad.: Fr.) P.Kumm. myccro L - 21 67 0 55 143 

Mycena diosma Krieglsteiner & Schwöbel mycdio T - 0 0 0 1 1 
Mycena erubescens Höhn. myceru L C 6 0 2 39 47 

Mycena filopes (Bull.: Fr.) P.Kumm. mycfil T - 0 0 1 3 4 
Mycena flavescens Velen. mycfla T - 0 0 0 1 1 

Mycena galericulata (Scop.: Fr.) Quél. mycgal L - 26 35 28 65 154 
Mycena galopus (Pers.: Fr.) P.Kumm. mycgau T - 0 17 7 3 27 

Mycena haematopus (Pers.: Fr.) P.Kumm. mychae L - 38 34 85 105 262 
Mycena hiemalis (Osb.: Fr.) Qu� l. mychie L - 4 0 1 4 9 

Mycena minutula (Peck) Sacc. mycmin L B 0 6 1 16 23 
Mycena pelianthina (Fr.) Quél. mycpel T - 0 21 0 1 22 
Mycena picta (Fr.: Fr.) Harm. mycpic L B 0 0 0 6 6 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Mycena polygramma (Bull.: Fr.) Gray mycpol L - 1 0 0 2 3 
Mycena pseudocorticola Kuhn. mycpse L C 7 0 0 1 8 

Mycena pura (Pers.: Fr.) P.Kumm. mycpur T - 4 22 1 2 29 
Mycena purpureofusca (Peck) Sacc. mycpuf L C 0 0 0 0 0 

Mycena renati Quél. mycren L B 16 49 0 4 69 
Mycena rosea Gramberg mycros T - 0 13 0 2 15 

Mycena sanguinolenta (Alb. & Schw.: Fr.) 
P.Kumm. mycsan T - 1 1 0 10 12 

Mycena speirea (Fr.: Fr.) Gillet mycspe L - 5 0 4 13 22 
Mycena tintinabulum (Fr.) Quél. myctin L B 3 1 0 2 6 

Mycena vitilis (Fr.) Quél. mycvit L - 0 0 1 1 2 
Mycenella lasiosperma (Bres.) Singer myclas L C 0 0 0 1 1 

Mycoacia aurea (Fr.) J.Erikss. & Ryvarden mycaur L - 0 1 1 2 4 
Mycoacia fuscoatra (Fr.: Fr.) Donk mycfus L - 1 0 0 0 1 

Mycoacia uda (Fr.) Donk mycuda L - 0 0 4 0 4 
Nemania atropurpurea  (Fr.: Fr.) Pouzar nematr L - 4 0 0 5 9 

Nemania carbonacea Pouzar nemcar L - 1 0 0 0 1 
Nemania chestersii (Rogers & Whalley) nemche L - 1 0 19 19 39 

Nemania colliculosa (Schwein.: Fr.) Granmo nemcol L - 1 0 0 0 1 
Nemania confluens (Tode: Fr.) Laessoe & 

Spooner nemcon L - 0 0 0 1 1 
Nemania diffusa (Sowerby) Gray nemdif L - 1 0 0 0 1 
Nemania serpens (Pers.: Fr.) Gray nemser L - 6 0 31 21 58 

Neobulgaria pura (Fr.) Petrak neopur L - 17 2 32 20 71 
Omphalina epichysium (Pers.: Fr.) Quél. ompepi L B 2 5 0 2 9 

Ossicaulis lignatilis (Pers.: Fr.) Redhead & 
Ginns osslig L B 1 10 0 0 11 

Otidea onotica (Pers.: Fr.) Fuckel otiono T - 0 0 0 1 1 
Oudemansiella mucida (Schrad.: Fr.) Höhn. oudmuc L - 50 23 27 27 127 

Oxyporus latemarginatus (E.J.Durand & Mont.) 
Donk oxylat L C 0 0 2 0 2 

Pachykytospora tuberculosa (DC.: Fr.) Kotl. & 
Pouz. pactub L B 0 2 0 0 2 

Panellus serotinus (Pers.: Fr.) Kuhn. panser L - 41 6 25 27 99 
Panellus stipticus (Bull.: Fr.) P.Karst. pansti L - 15 14 1 1 31 

Paxillus involutus (Fr.) Fr. paxinv M - 0 0 4 2 6 
Peniophora cinerea (Pers.: Fr.) Cooke pencin L - 0 0 2 0 2 

Peniophora incarnata (Pers.: Fr.) P.Karst. peninc L - 1 3 0 0 4 
Perenniporia fraxinea (Bull.: Fr.) Ryvarden perfra L A 0 1 0 0 1 

Perenniporia medulla-panis (Jacq.: Fr.) Donk permed L B 1 0 0 0 1 
Peziza arvernensis Boud. pezarv T - 9 0 0 2 11 
Peziza cfr. retrocurvata pezret L - 0 0 0 1 1 

Peziza michelii (Boud.) Dennis pezmih T - 1 0 0 1 2 
Peziza micropus Pers.: Fr. pezmic L - 0 25 1 20 46 
Peziza saniosa Schrad.: Fr. pezsan T - 0 0 0 2 2 
Phallus impudicus L.: Pers. phaimp L - 0 5 14 4 23 

Phellinus ferreus (Pers.) Bourd. & Galz. phefer L - 0 0 0 3 3 
Phellinus ferruginosus (Schrad.: Fr.) Pat. phefeu L - 1 8 0 5 14 

Phlebia livida (Pers.: Fr.) Bres. phlliv L - 5 7 0 10 22 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Phlebia radiata Fr.: Fr. phlrad L - 18 12 37 24 91 
Phlebia rufa (Pers.: Fr.) M.P.Christ. phlruf L - 0 0 19 3 22 

Phlebia tremellosa (Schrad.: Fr.) Burds. & 
Nakas. phltre L - 4 4 31 12 51 

Phleogena faginea (Fr.: Fr.) Link phlfag L C 9 0 1 20 30 
Pholiota aurivellus (Fr.) P.Kumm. phoaur L - 0 3 8 5 16 

Pholiota flammans (Batsch: Fr.) P.Kumm. phofla L B 0 1 0 0 1 
Pholiota lenta (Pers.: Fr.) Singer pholen L - 0 0 0 2 2 

Pholiota mutabilis (Scop.: Fr.) Kumm. phomut L - 5 1 9 8 23 
Pholiota squarrosa (Weigel: Fr.) P.Kumm. phosqu L - 0 4 1 0 5 

Pholiota squarrosoides (Peck) Sacc. phosqo L B 7 0 0 0 7 
Pholiota tuberculosa (Schaeff.: Fr.) P.Kumm. photub L B 0 1 0 0 1 

Phyllotopsis nidulans (Pers.: Fr.) Singer phynid L B 8 1 0 0 9 
Physisporinus vitreus (incl. P. sanguinolentus) phyvit L - 5 0 23 39 67 

Pleurotus cornucopiae Paul.: Fr. plecor L C 0 0 0 1 1 
Pleurotus dryinus (Pers.: Fr.) P.Kumm. pledry L C 0 0 2 1 3 

Pleurotus ostreatus (Jacq.: Fr.) P.Kumm. pleost L - 2 5 28 7 42 
Pleurotus pulmonarius (Fr.) Quél. plepul L - 29 30 1 0 60 

Plicaturopsis crispa (Pers.: Fr.) Reid plicri L - 7 0 0 0 7 
Pluteus cervinus (Batsch) Singer plucer L - 12 46 72 73 203 

Pluteus chrysophaeus (Schaeff.) Quél. pluchr L - 16 7 9 0 32 
Pluteus cyanopus Quél. plucya L B 0 8 0 0 8 

Pluteus exiguus (Pat.) Sacc. pluexi L C 1 0 0 0 1 
Pluteus hispidulus (Fr.: Fr.) Gillet pluhis L - 4 0 4 2 10 

Pluteus insidiosus Vellinga & Schreurs pluins L - 1 0 0 0 1 
Pluteus luctuosus Boud. pluluc L - 0 2 0 8 10 

Pluteus nanus (Pers.: Fr.) P.Kumm. plunan L - 1 28 0 1 30 
Pluteus petasatus (Fr.) Gillet plupet L B 0 2 0 0 2 

Pluteus phlebophorus (Dittm.: Fr.) P.Kumm. pluphl L - 10 11 5 21 47 
Pluteus plautus (Weinm.) Gillet plupla L B 2 2 3 9 16 

Pluteus podospileus Sacc. & Cub. plupod L - 6 4 1 5 16 
Pluteus romellii (Britz.) Sacc. plurom L - 6 0 0 4 10 

Pluteus salicinus (Pers.: Fr.) P.Kumm. plusal L - 0 7 4 12 23 
Pluteus thomsonii (Berk. & Br.) Dennis plutho L - 2 4 1 12 19 

Pluteus umbrosus (Fr.) P.Kumm. pluumb L B 1 1 1 7 10 
Polyporus arcularius Batsch.: Fr. polarc L - 1 0 0 0 1 
Polyporus badius (Pers.) Schw. polbad L C 0 1 3 0 4 

Polyporus brumalis (Pers.) Fr.: Fr. polbru L - 11 1 4 4 20 
Polyporus ciliatus Fr.: Fr. polcil L - 3 0 0 0 3 

Polyporus squamosus (Huds.: Fr.) Fr. polsqu L - 7 8 0 1 16 
Polyporus tuberaster (Pers.: Fr.) Fr. poltub L C 0 1 1 1 3 

Polyporus varius (Pers.) Fr.: Fr. polvar L - 20 38 33 22 113 
Postia caesia (Schrad.: Fr.) P. Karst. poscae L - 2 0 0 0 2 
Postia leucomallella (Murrill) Jülich posleu L - 0 0 1 0 1 

Postia subcaesia (David) Jülich possub L - 1 10 20 7 38 
Postia tephroleuca (Fr.: Fr.) Jülich postep L - 1 6 32 0 39 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Psathyrella artemisiae (Pass.) Konr. & Maubl. psaart T - 0 0 4 1 5 
Psathyrella candolleana (Fr.: Fr.) Maire psacan L - 0 9 0 1 10 
Psathyrella cernua (Vahl.: Fr.) Hirsch psacer L - 0 0 0 1 1 

Psathyrella cfr. murcida (Fr.) Kits psamur T - 0 1 0 0 1 
Psathyrella cotonea (Quél.) Konr. & Maubl. psacot L - 0 0 1 0 1 

Psathyrella fusca (Schum.) A.Pears. psafus T - 0 3 2 0 5 
Psathyrella lutensis (Romagn.) Bon psalut T - 0 0 0 2 2 

Psathyrella obtusata (Pers.: Fr.) A.H.Smith psaobt L - 0 0 0 2 2 
Psathyrella pannuciodes (Lange) Moser psapan L - 0 0 0 1 1 

Psathyrella piluliformis (Bull.: Fr.) P.D.Orton psapil L - 4 1 25 44 74 
Psathyrella populina (Britz.) Kits. psapop L A 0 2 0 0 2 

Psathyrella pyrotricha (Holmskj. : Fr.) Moser Psapyr T - 1 2 0 0 3 
Psathyrella rostellata Örstadius psaros L - 0 0 0 7 7 

Pseudoclitocybe cyathiformis (Bull.: Fr.) Singer psecya L B 14 7 0 24 45 
Psilocybe horizontalis (Bul) Vellinga & 

Noordel. psihor L C 0 0 3 0 3 
Psilocybe inquilina (Fr.: Fr.) Bres.  var. crobula psiinq T - 0 5 0 0 5 

Pycnoporellus fulgens (Fr.) Donk pycful L A 1 0 0 0 1 
Pycnoporus cinnabarinus (Jacq.: Fr.) P.Karst. pyccin L C 2 1 6 2 11 

Ramaria stricta (Pers.: Fr.) Quél. ramstr L - 0 1 2 28 31 
Resupinatus applicatus (Batsch: Fr.) Gray resapp L - 2 1 0 2 5 

Rhodocybe nitellina (Fr.) Sing. rhonit T - 1 0 0 0 1 
Rhodotus palmatus (Bull.: Fr.) Maire rhopal L B 0 1 0 0 1 
Rickenella fibula (Bull.: Fr.) Raith. ricfib B - 10 1 18 34 63 

Rickenella swartzii (Fr.: Fr.) Kuyper ricswa B - 1 0 0 3 4 
Ripartites tricholoma (Alb. & Schw.: Fr.) 

P.Karst. riptri T - 1 7 0 2 10 
Russula anthracina Romagn. rusant M - 1 0 0 0 1 

Russula cavipes Britz. ruscav M - 4 0 0 0 4 
Russula cyanoxantha (Schaeff.) Fr. ruscya M - 0 1 0 0 1 

Russula foetens Pers.: Fr. rusfoe M - 0 1 0 0 1 
Russula mairei Singer rusmai M - 0 0 0 8 8 

Russula ochroleuca Pers. rusoch M - 3 0 0 5 8 
Russula queletii Fr. rusque M - 1 0 0 0 1 

Russula raoultii Quél. rusrao M - 0 1 0 0 1 
Schizophyllum commune Fr.: Fr. schcom L C 4 15 8 5 32 
Scleroderma areolatum Ehrenb. sclare M - 0 2 0 1 3 

Scleroderma citrinum Pers. sclcit M - 0 0 23 1 24 
Simocybe centunculus (Fr.: Fr.) P.Karst. simcen L - 20 28 0 7 55 
Simocybe sumptuosa (P.D.Orton) Singer simsum L - 0 0 7 0 7 

Skeletocutis nivea (Jungh.) Keller skeniv L - 1 1 21 3 26 



 
SPECIES CODE ECOL. SSI S H N D TOTAL

Spongipellis delectans (Peck) Murrill spodel L A 0 5 0 0 5 
Spongipellis pachyodon (Pers.) Kotlaba & 

Pouzar spopac L A 0 7 0 0 7 
Steccherinum bourdotii Saliba & David stebou L - 0 0 1 0 1 

Steccherinum fimbriatum (Pers.: Fr.) J.Erikss. stefim L - 0 0 0 5 5 
Steccherinum nitidum (Pers.: Fr.) Vesterh. stenit L - 1 1 0 1 3 
Steccherinum ochraceum (Pers.: Fr..) Gray steoch L - 8 17 0 12 37 
Stereum hirsutum (incl. S. ochraceoflavum) stehir L - 40 74 59 48 221 

Stereum rugosum (Pers.: Fr.) Fr. sterug L - 0 0 41 36 77 
Stereum sanguinolentum (Alb. & Schwein.: Fr.) 

Fr. stesan L - 1 0 0 0 1 
Stereum subtomentosum Pouz. stesub L - 1 4 53 9 67 

Stigmatolemma urceolata (Wallr.: Fr.) Donk stiurc L - 1 0 0 0 1 
Stropharia aeruginosa (Curt.: Fr.) Quél. straer T - 0 0 0 1 1 

Stropharia aurantiaca (Cooke) P. D. Orton straur L - 0 1 0 0 1 
Stropharia cyanea (Bull.) Tuomikoski strcya T - 1 6 0 0 7 

Tarzetta spurcata (Pers.) Harmaja tarspu T - 1 0 0 0 1 
Trametes cervina (Schwein.) Bres. tracer L C 0 5 0 0 5 
Trametes gibbosa (Pers.: Fr.) Fr. tragib L - 21 25 66 6 118 

Trametes hirsuta (Wulfen: Fr.) Pilat trahir L - 21 19 4 13 57 
Trametes pubescens (Schumach.: Fr.) Pilát trapub L - 1 0 0 0 1 

Trametes versicolor (L.: Fr.) Quel. traver L - 45 19 67 20 151 
Tremella foliacea Pers. trefol L - 0 0 0 5 5 

Tremella mesenterica Retz: Fr. tremes L - 3 1 0 10 14 
Trichaptum abietinum (Pers.: Fr.) Ryvarden triabi L - 0 0 3 0 3 

Trichaptum pergamenum (Fr.) G. Cunn. triper L C 6 0 0 0 6 
Tricholoma atrosquamosum (Chev.) Sacc. triatr M - 1 0 0 0 1 

Tricholoma lascivum (Fr.) Gillet trilas M - 0 0 0 3 3 
Tricholoma stiparophyllum (Lund.) Karst. tristi M - 0 2 0 0 2 

Tricholoma ustale (Fr.: Fr.) P.Kumm. triust M - 0 0 0 1 1 
Tubaria furfuracea (Pers.: Fr.) Gillet tubfur T - 0 2 0 1 3 

Tyromyces chioneus (Fr.: Fr.) P.Karst. tyrchi L - 1 0 6 17 24 
Ustulina deusta (Hoffm.: Fr.) Lind ustdeu L - 33 118 61 96 308 

Volvariella bombycina (Schaeff.: Fr.) Singer volbom L C 0 0 0 1 1 
Xerula melanotricha Dörfelt xermel L C 1 0 0 0 1 

Xerula radicata (Relhan: Fr.) Dörfelt xerrad L - 11 35 0 9 55 
Xylaria hypoxylon (L.: Fr.) Grev. xylhyp L - 40 40 92 140 312 

Xylaria longipes Nitschke xyllon L - 1 2 1 2 6 
Xylaria polymorpha (Pers.: Fr.) Grev. xylpol L - 20 18 8 15 61 

Xylobolus frustulatus (Pers.: Fr.) Boidin xylfru L A 1 0 0 0 1 
 
 


	I. Introduction
	II. Material and Methods
	Study sites

	Quercus robur, Q. petraea
	Dead tree selection and description
	Inventory of bryophytes, vascular plants and fungi


	Site description
	Tree selection
	Bryophyte and vascular vegetation

	UResults and discussion
	UConclusions
	Fungi assemblages
	UResults and discussion

	UConclusions
	Sites
	Selected trees, data collection and analysis

	Results
	UBryophytes, lichens and vascular plants


	Ceriporia excelsa
	P-value
	Material and methods
	USite description
	UData analysis

	UResults and discussion
	Vascular plants

	DCA1
	DCA2
	Bryophytes

	DCA1
	DCA2
	DCA3
	Fungi

	DCA1
	DCA2
	DCA3
	Full dataset

	DCA1
	DCA2
	DCA3



