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3 ECOLOGICAL FEASIBILITY OF FOREST CONVERSION: Can 
conversion of secondary coniferous into deciduous forest 
enhance biodiversity? 

 
Geudens Guy, Verheyen Kris, Degrave Frédéric & Carnol Monique 

3.1 Effect of forest conversion on species diversity 

3.1.1 Introduction 

A literature review was performed on the effects of forest conversion (change in the dominant tree species 
from coniferous to deciduous) on biodiversity, highlighting pine and spruce forests in Belgium. Although 
we acknowledge that forest management influences the diversity at genetic, interspecific, ecosystem and 
landscape level (Decocq 2002), the definition of biodiversity was restrained to the species level for this 
review. Particularly important to the biodiversity value of Belgian forests are true forest species, in 
particular ancient forest species (for plants: Hermy et al 1999). Secondly, we distinguish between plant and 
animal diversity. Plant diversity is relatively easy to assess in forest inventories (Rondeux 1994, Dirkse & 
Martakis 1998) and can then be linked to tree species composition (De Roo 2005). But this still doesn’t 
assure an easy comparison between forests or stands of different tree species composition based on forest 
inventories, because of confounding factors. For animal diversity we distinguish between species directly 
associated with a forest tree species and indirectly related species. Diversity of fungi is discussed under 
both plant and animal diversity. Data on microbial diversity are still too scarce to be included in this 
literature review. 

3.1.2 Effects on diversity of vascular plants and bryophytes 

The abundance and the diversity of the herbal vegetation in a forest is dependent on several factors (i) site 
characteristics like solar radiation reaching the forest floor, soil temperature, topography and soil fertility 
(Pitkänen 2000), (ii) management regime (Decocq et al 2005), isolation from and distance to colonization 
sources (Dzwonko & Gawronski 1994) and (iii) land use history (Verheyen et al 2003). The dominant tree 
species influence some of the site characteristics directly and therefore determine plant species diversity 
(causal factors). But the relationship between dominant tree species and site characteristics and between 
site and herbal vegetation is complicated. What’s more, several confounding factors blur these 
relationships. Land use history, internal forest succession, management regime and exotic broadleaves are 
all mentioned in literature for their effect on diversity of the herbal layer. Each of them is relevant to the 
secondary pine and spruce plantations under consideration. In other words, it is not possible to simply 
compare the plant diversity of a coniferous and a deciduous forest stand and attribute all the observed 
differences to effects of the tree species composition. Even if direct effects are found through meticulous 
research, these will not allow predicting the diversity change in a stand after conversion, without 
knowledge about the confounding factors. 
 
An important note is that the potential or natural plant species diversity is relatively low on a major part of 
the sites under pine and spruce plantations in Belgium. The soils in these areas have been acidified and lost 
most of their buffering capacity through centuries of exhaustive agricultural use (see Section 1.5). The 
prevailing natural forest types of pine plantation sites in Flanders are birch oak forest and acid oak-beech 
forest. Both are characterized by relatively few higher plant species, be it with a somewhat higher number 
of bryophyte species (De Keersmaeker et al 2001, Dirkse & Martakis 1998). By this fact alone, a strong 
increase in the species composition after conversion to the level of diversity that would be found in a virgin 
deciduous forest on these sites, is not to be expected, not even in the long term (A in Figure 3-1). The same 
note applies to large surfaces in the Walloon Ardennes were naturally an acid beech forest would prevail. 
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Figure 3-1: Evolution of plant species diversity in secondary conifer plantations on former heathland 
(dashed line: heathland plants, full line: true forest plants) and in an imaginary virgin forest on an 
undisturbed site (bold line: true forest plants) 
 
Causal factor: light 
The light penetration under the canopy is one of the main limiting factors to the development of the herbal 
layer (du Bus de Warnaffe et al 2004). The quantity and quality of the sub-canopy light depends strongly on 
the canopy tree species but also on the developmental stage of the forest and on the thinning regime. 
Phenology of leaf sprouting in spring and leaf shedding in autumn can influence the microclimate in the 
understorey (Gosselin 2004). Canopy cover of Scots pine is less dense than that of oak and beech at 
comparable sites in Western Europe, which promotes a greater cover of all understorey layers (Augusto et 
al 2004). Under selectively cut high forest the amount of light is less than 5% of full sunlight (Simmons & 
Buckley 1992). Under pole stages of most tree species and especially of beech and conifers this can 
decrease to 1% (Schmidt et al 2004). Simmons and Buckley (1992) have shown that the diversity and 
abundance of bryophytes (mosses) in a mixed spruce-oak stand was positively correlated with the 
percentage cover of Norway spruce. The moss stratum is very tolerant to shading and seems to find optimal 
growing conditions under spruce. However, the diversity of bryophytes within a pure spruce forest is 
rapidly reduced after the canopy closure in a young plantation (Wallace & Good 1995).  
 
Causal factor: litter 
The litter quality is tree-species dependent (see Section 2.4) and has a strong impact on the characteristics 
of the top soil layer, which is the main rooting zone of the herbal layer. Apart from the chemical 
composition (see 2.1.2.), also the structure of the leaf litter is important. Red oak (Quercus rubra L.) for 
instance has large leaves that decompose slowly. In fall, these leaves cover the forest floor and impede 
plant colonization. On the contrary for invertebrates, like ground beetles and Isopoda, such a litter structure 
can provide a suitable habitat (Barkman 1992).  
 
Under poor forest types (Quercetea robori-petraea on sandy soils in the Netherlands), the influence of the 
independent site factors (soil parent material) decreased with time of afforestation, while the variable factors 
(tree species and humus type) became more important. Moder and more humus types show a self-
reinforcing process of acidification. The tree species seems to matter especially in gradient zones between 
richer and poorer forests that are basic cation leached, but still have some buffer capacity left (Hommel et 
al 2002). Of the ancient forest plants in the research of Hommel et al (2002), three species preferred the 
poor sites, four were indifferent between poor and rich sites, eight were mainly found on the richer side of 
the gradient and nine were restricted to the rich forest plots. Poorer forest types were also more prone to 
invasion of brambles and bracken fern. In Flanders a negative effect of a low pH on forest plant diversity 
was found in ancient forest patches on dry sandy soils (Dumortier et al 2000). 
 
Admixture of accompanying broadleaved species in beech forest may ameliorate humus quality and with 
that biodiversity of the soil microorganisms (Weissen 1986). This in turn can influence the diversity of 
predator species feeding on the soil organisms, like ground beetles (du Bus de Warnaffe et al 2004). 
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Augusto et al (2004) studied the differences in species diversity at a wide range of forests on dry acidic 
soils. As compared to oak and beech, Scots pine forests had a deeper litter layer, a higher C/N ratio (0-10 
cm), a lower pH (0-10 cm), and higher Al and Al-oxide concentrations (0-10 cm). Nevertheless these 
authors found no significant difference in biodiversity of the herbal layer between forests under oak and 
pine at comparable sites. 
 
Causal factor: root system 
Gosselin (2004) found many references that proved root competition was a main factor of influence by the 
dominant tree species on ground vegetation. This effect was most pronounced in stands that had since long 
been dominated by certain species, in stands that had received few management or in very dense stands 
(pole stages).  A clear example is the intense rooting of the soil surface layers by beech that impedes the 
development of a herbal layer. 
 
Causal factor: bark 
Epiphytic mosses and lichens can be specific to certain bark characteristics of a tree species, like texture, 
colour, amount of stem flow and pH (Humphrey et al 2004, Kiessling et al 2004). Oak, beech, alder, ash 
and maple have a richer epiphytic community than other species (see under in Figure 3-2). 
 
Causal factor: atmospheric deposition 
Changes in both herbal vegetation and mycoflora of Dutch forests during the last decades are mainly due to 
the eutrophicating effect of atmospheric nitrogen deposition, which is now considered as the greatest threat 
to forest biodiversity on sandy soils (van Tol et al 1998). Nitrogen-intolerant species (especially lichens of 
the genus Cladonia) have strongly declined, while N-demanding plant species increased: Deschampsia 
flexuosa, Molinia caerulea, Corydalis claviculata, Rubus sp. and Dryopteris dilatata. In Flanders, of the 
nitrogen-demanding vascular plant species, 13% are on the Red list of endangered species. Of the 
nitrophobe species 40% are endangered (MIRA 2003). However, except in the case of lichens (Aptroot et al 
1998), eutrophication through atmospheric N-deposition has not yet resulted in a loss of species. What’s 
more, the total plant species densities in Dutch forests have increased over the last decades. This applies 
particularly to Scots pine forests (Samsen 1995 in Dirkse & Martakis 1998, van Dobben et al 1994). Over 
the period 1960-1980, Arnolds (1988) showed a general decline of ectomycorrhizal fungi in the 
Netherlands, e.g. of the well-known Yellow Chanterelle. Meanwhile parasitic and saprophytic fungi tended 
to increase (Arnolds & Jansen 1992). Taylor et al (2004) found that morphotype diversity of 
ectomycorrhizal fungi in spruce and beech stands decreases from north to central Europe, along with 
increasing atmospheric nitrogen deposition. This was attributable to the loss of stress-tolerant species at the 
expense of ruderal morphotypes. 
 
Conifer canopies increase nitrogen deposition rates to the forest floor (see Section 2.1) so the changes in 
plant species composition from eutrophication may be directly attributed to the dominant tree species. But, 
especially on sandy soils in Flanders atmospheric N-deposition rates are so high, that even in deciduous 
forest stands they result in changes in the vegetation composition (MIRA 2003). This may mask beneficial 
effects of conversion on plant diversity, especially if N-emission does not decrease faster than it does today. 
 
Confounding factor: land use history of the conifer plantations 
The land use of the present day forest stands in Belgium has evolved strongly during the last two centuries 
(see Section 1.5). It is one of the main keys to the present-day plant diversity. Plant communities with the 
associated fauna typical of heathlands and of drift sands have declined under the vast pine plantations in 
Flanders, apart from short revivals after clear cut and before stand closure (Rogister 1955, B in Figure 3-1). 
They have generally become rare, and contain many red-listed species (Hens et al 2005). The true forest 
plant species (and mosses, fungi and animals) still seem restricted to the few ancient forests and to small 
landscape elements associated with historical agricultural use. They do not seem to spread spontaneously 
into the younger forests (Bijlsma 2002) (B in Figure 3-1). Ancient forest plant species are very slow 
colonizers (less than 0.1 m a year), and they are very vulnerable to environmental changes (Brunet & Von 
Oheimb 1998, Bossuyt et al 1999). Similarly, in plantations of Scots and Corsican pine and Sitka and 
Norway spruce in Britain diversity of vascular plants, bryophytes and mycorrhiza depends on the distance 
to ancient semi-natural woodland (Humphrey et al 2004).  
 
Comparably to the situation on the sandy soils in Flanders, on the one hand the typical vegetation of the 
historical mires, heath- and grasslands became very rare in Wallonia (Branquart et al 2003), and the true 
forest plants do not seem to colonize the young forests planted at these sites (Herault et al 2005). 
Furthermore, in conifer plantations in former ancient mixed oak forests or beech forests the diversity of the 
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herbal layer has decreased. The typical ancient forest plants do not produce a persistent seed bank. Once 
the canopy closes in a conifer plantation, the ancient forest vegetation disappears, probably because the 
lack of light, the build up of thick humus layers and accelerated acidification of the top soil. In the 
Ardennes, du Bus de Warnaffe (2001) found a maximum diversity of forest plants in ancient oak forests and 
a minimum diversity in Norway spruce and Douglas fir stands. Beech forests had intermediate plant 
diversity. In Basque Country, the diversity of the vegetation is lower in coniferous plantations (Larix 
kaempferi and Pinus radiata) than in the native woodland. On the contrary, the diversity in the seed bank is 
higher under secondary conifers, but consists mostly of non-forest species, since true forest species rarely 
produce seed banks (Amezaga & Onaindia 1997). 
 
Confounding factor: internal forest succession 
The present-day management of pine forests on sandy soils favours natural succession processes (see 
Section 1.6). Effects of atmospheric deposition may be confounded with effects of succession because both 
usually entail soil acidification and increased nitrogen availability (Fanta 1986). Nevertheless, for sandy 
soils under forest in Flanders it was found that atmospheric deposition causes faster deposition acidification 
than expected under natural conditions (De Schrijver et al in press).  
 
An important expression of succession in pine plantations is the maturation of the forest floor (organic 
layer, root layer and vegetation), especially as rotations are lengthened, large clear cuts avoided and deep 
soil preparation at the time of regeneration, litter raking and sod cutting stopped. This should promote true 
forest species within the stands, while typical pioneer plants survive in areas managed for open habitat (e.g. 
heather) and along forest edges (e.g. shoulders of forest roads). Such maturation should lead to higher 
biodiversity at a landscape level as species number, but most of all naturalness and specificity, increase. 
Bijlsma (2002) opposes to this general hypothesis. Most ancient forest plants considered typical to mature 
forests on the sandy region survived in hedgerows, roadsides, in very open, coppiced and overgrazed 
forests and edge situations. In the absence of traditional management regimes, they suffer from thick humus 
layers, a lack of light, erosion of human-induced gradients and a lack of human seed vectors.  
 
Confounding factor: management regime 
Dense plantations of conifers in former broadleaved forests lead to the disappearance of true forest species 
(Augusto et al 2001). However Decocq et al (2005) observed that these true forest plant species are in fact 
"coppice-woodland species ". Even the mere establishment of a selectively cutting system in a broadleaved 
forest in northern France that used to be a coppice with standards for centuries, lead to a fast (within 20 
years) and major shift in herbal species composition, and specifically a decrease of true forest species 
(Decocq et al 2005). In Danish beech forests, management related factors like stand age, canopy structure 
and the cutting cycle explained more vegetation variation than did microclimate and soil factors. 30 years 
of non-management changed vegetation dramatically, at least on a local scale (Aude & Lawesson 1998). 
Van Dort et al (1999) observed a decline of ancient forest plants in Dutch strict forest reserves, established 
in the 1980’s. They point at the spontaneous darkening of the formerly thinned stands. This may however 
be a scale effect, resulting from both the lack of time and the lack of large areas to incorporate natural 
disturbances and forest development stages in these forest reserves. To overcome this, managers of some 
forest reserves in Flanders, actively diversify the initial stand structure, e.g. by mimicking a natural 
disturbance event, before allowing a strictly spontaneous development. To avoid such temporary negative 
effects, it may thus be necessary during a conversion process to not only allow for spontaneous processes, 
but to combine this with an active diversification management.  
 
Van Gossum (2000) and Dumortier et al (2000) found that tree species and habitat diversity of forest 
fragments can predict the forest plant species diversity on sandy soil in Flanders. The tree species diversity 
for its part is dependent on the forest stand development (Iida & Nakashizuka 1995, Lust et al 1998). This 
means that in the managed forest landscapes in Western Europe, the correlation of forest plant species 
diversity with tree species diversity can be considered as an indirect relation between diversity and 
(historical) management (Gosselin 2004). Many authors (e.g. Becker 1979, Barkham 1992) confirm the 
importance of management for diversity.  
 
Confounding factor: exotic broadleaves 
Two exotic broadleaves, Black cherry (Prunus serotina Ehrh.) and Red oak, are very common in the 
understorey of forests on sandy soils in Flanders (Afdeling Bos & Groen 2001). Red oak can also dominate 
as a canopy species. Both species are considered to be a major problem to forest management and more 
specifically to biodiversity (Peterken 2001, Lust et al 1998, du Bus de Warnaffe et al 2004). Recent research 
puts some nuances to this pessimistic view. Presence of Black cherry in the understorey of pine or oak 
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stands on sandy soils in Flanders conditions light and moisture regime for the herbal layer. Light 
demanding plant species (like Heather or Blueberry) have a lower presence as compared to stands without 
Black cherry, but there is no evidence that typical forest plants are threatened by Black cherry (Stock 2005). 
Nevertheless, the presence of these exotic broadleaves may frustrate conversion management, impeding 
the establishment of indigenous woody species and creating other site characteristics (light, litter, bark, etc.) 
than the natural tree species composition.. 

3.1.3 Effect on diversity of animals 

The diversity of animal species in a forest depends to a great extend on the diversity of (woody) plant 
species. This effect is clear for nesting birds, invertebrates and fungi (Bibby et al 1989, Young et al 1992). 
However management regimes may also be the actual factor affecting animal species diversity rather than 
forest tree species (du Bus de Warnaffe & Lebrun 2004, Humphrey et al 1999).  
 
Directly associated animal species 
The number of species of animals and fungi that depend on the presence of a specific tree species 
determines its biological value. The biological potential of certain indigenous broadleaved species is 
markedly high (Kennedy & Southwood 1984, Brändle & Brandl 2001). Every tree species has a specific 
biological potential according to different functional groups of animals and fungi (see Figure 3-2). 
According to Branquart & Dufrène (2005), Salix, Quercus, Fagus, Prunus, Betula, Alnus, Sorbus and 
Populus all rank high. Among the conifers Pinus ranks much higher than Picea. Exotic broadleaved tree 
species have a much lower biological potential (Gosselin 2004). 
 

 
Figure 3-2: Ordering of the principal woody genera of Western Europe according to a weighted index of 
their biological potential for different functional groups (Branquart et al 2005). 
 
Indirectly associated animal species 
The changes in forest type and associated herbal vegetation cause secondary changes in animal 
populations. For instance, ant populations in Dutch forests declined as a result of the increase in grass 
cover (Deschampsia flexuosa and Molinia caerulea) under conifer forests. This in turn led to the decline of 
the Green woodpecker (van Swaay & van Halder 1993). De Jong et al (2002) evaluated forest and stand 
features that determine habitat quality for fauna. Based on the effect of different stand features on the 
habitat suitability, forest conversion on sandy soils in the Netherlands was evaluated (see Table 3-1, De 
Jong et al 2002). The bird species that are affected very negatively (last column of Table 3-1) are associated 
with larger open spaces, common in the traditional clear cutting system of pine stands. It is not the change 
of tree species, but of forest structure that causes these effects. This does not so much question stand 
conversion, but stresses a diversified management at the forest and landscape level. 
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Table 3-1: Expected effects on indicator animal species of conversion of conifer forests on sandy soils in 
the Netherlands (De Jong et al 2002) 
  
 Very positive Rather positive No effect Rather negative Very negative 
Birds Wood Warbler Tawny owl  Tree pipit Nightjar 
 Hawfinch Blackcap  Sparrowhawk Yellowhammer 
 Nuthatch Whitethroat  Woodlark Goldcrest 
 March tit Great tit   Crested tit 
 Blue tit Willow tit   Coal tit 
 Garden Warbler Tree creeper    
 Chaffinch Great Spotted 

Woodpecker 
   

Mammals Natterer’s bat Hedgehog Field vole Red squirrel  
 Nathusius's 

pipistrelle 
    

 Noctule bat     
 Whiskered bat     
 Brown long-eared 

bat 
    

 Pine marten     
 Badger     
 Common shrew     
 Bank vole     
Ants   Red wood ant  Black-backed  
   Southern wood 

ant 
 meadow ant 

Reptiles    Slow worm  
 
The most specialized ground beetle communities in the Walloon Ardennes are found in ancient beech 
forests. Nearly all of the ground beetles of Norway spruce and Douglas fir forests were generalist species 
(du Bus de Warnaffe 2001). Beech and spruce stands differ in the community of epigeic and trunk-living 
arthropod fauna in Bavaria, Germany (Engel & Ammer 2004). The average number of mite species in a 
forest soil sample was higher in the case of pine forest converted 30 to 50 years earlier into oak stands as 
compared to the surrounding pine stands. The dominant species of mites from adjacent pine stands still 
remain dominant species in the oak stands after conversion. But in the oak stands, the species composition 
of mites was more balanced with several dominant species (Skorupski 2004). Earthworm communities had 
a higher species richness and density in mixed oak-beech-pine forest as compared to pine forest. 
Remarkable were the high shares of Lumbricus terrestris and Aporrectodea caliginosa in the biomass, 
indicators of a rich soil life (Kautz & Topp 1998). Advance plantings of oak and beech under pure pine 
stands made the parasitic wasp community change to one with a significantly larger proportion of effective 
pest control agents: Scelionidae among the egg parasites, Pteromalidae among the larval and pupal 
parasites. This effect is larger with older understoreys (40 years as compared to 5-8 years old). Oak is better 
than beech in this respect, because of a more complex crown architecture, probably more admixed species 
and a greater variety of phytophagous host insects which promotes a stable and more efficient parasitic 
wasp community (Jäkel & Roth 2004). Advance plantings of oak and beech under pine resulted on the long 
run in a strong promotion of the dominant predatory arthropod group living on the soil surface (ground 
beetles or spiders). Also for these groups, oak was better (Bräsicke et al 2005). In pure spruce and in mixed 
spruce-beech forests the invertebrate decomposer communities were dominated by Nematoda 
(roundworms), Enchytraeidae (potworms), Lumbricidae (earthworms) and Diptera (flies). Conversion of 
pure spruce to mixed beech forest made the biomass of saprophagous flies decrease. Fly species 
composition shifted from Sciaridae and Tipulidae dominating spruce monocultures, to Lonchopteridae, 
Lauxaniidae and Fanniidae in mixed beech stands. With a rising share of beech in spruce forest, Lumbricus 
sp. increased. This earthworm genus is indicative of a good trophic structure of the soil community (Elmer 
et al 2004, Kautz & Topp 1998). 
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3.1.4 Conclusion 

Question: A homogeneous pine or spruce plantation will be converted over the next decennia. Will species 
diversity after conversion be higher than the actual or at least remain at the current level? 
In general, yes, because (i) in our regions the direct effects of deciduous tree species on the site 
characteristics favour more diverse plant and animal communities and (ii) the biological potential of the 
main indigenous deciduous tree species is superior as compared to conifers (see also conclusions of 
literature reviews by du Bus de Warnaffe et al 2004 and Gosselin 2004). But the actual outcome in the field 
depends strongly on several factors, other than the dominance of indigenous deciduous trees in the stand.  
 
To draw this conclusion, we considered the species level. Holding firmly to this restriction when taking 
management decisions, could lead to the mystification of an intensively mixed stand of indigenous 
deciduous trees and shrubs. Creating this stand type in all current secondary conifer plantations would have 
a homogenizing effect that could be detrimental to specific plant and animal species. Therefore, 
management strategies should consider the forest and landscape level and forest conversion should be put 
into a wider forest management perspective. This may result in the delineation of priority zones for 
conversion, e.g. on more buffered soil types and close to ancient woodland sites. It may also mean that for 
biodiversity reasons, conifers have to be preserved as individual trees, groups or even large stands in an 
otherwise converted forest. 

3.2 Is the herb and moss layer of coniferous forests less diverse? A case-study from 
Flanders 

 
Verheyen Kris & Geudens Guy 

3.2.1 Introduction 

From the conclusions of the previous Section 3.1 it is clear that there is no straightforward answer whether 
(plant) species diversity is (potentially) higher under native deciduous compared to coniferous tree species, 
as a lot of confounding factors are in play. From the current distribution of pine plantations and from their 
history (Section 1.3 and Section 1.5) it can be seen that they dominate the forests of the poor sandy regions 
in the Kempen and Vlaamse Zandstreek. Forests on richer, loamy soils in other regions of Flanders are 
mainly deciduous. In general, richer forest soils bear more diverse herbal layers (van der Werf 1991). From 
this, a general first impression could arise that deciduous forests in Flanders have a more diverse herbal 
layer. Nevertheless, it would be erroneous to compare diversity of the herbal layer of any forest on a rich 
soil with that of any forest on a poor, sandy soil and attribute this to the forest type. Such comparison 
would be irrelevant to judge the ecological impact of forest conversion. The only correct approach is to 
compare forest stands dominated by different tree species on comparable sites, as was also stated for the 
comparison of biogeochemical cycling between forest types (Section 2.1).  
 
The aim of this study was to test the hypothesis that the species richness of the herb and moss layer in 
forests on sandy soils in Flanders is higher under deciduous than under coniferous stands. 

3.2.2 Material and Methods 

Available data 
For this study, data from the Flemish Regional Forest Inventory (Afdeling Bos & Groen 2001a) were used. 
Between 1997 and 1999, 3047 plots were laid out on a 1km x 0.5km grid in which a dendrometric 
assessment of the forest stand was performed. In half of the plots (1564 in total) the herb and moss layers 
were recorded in 16m x 16m plots using a Braun-Blanquet scale. 
Apart from stand related variables such as dominant tree species, total canopy cover, stand age and 
development stage, the following additional variables were available for each plot: 

- soil texture, drainage class and type according to the Belgian Soil Map (IWT 2001); 
- forest age following De Keersmaeker et al (2001); 
- the area of forest within a 500m buffer around the plot derived from the Flemish Forest Map 

(Afdeling Bos & Groen 2001b); 
- the ecoregion in which the plot was located. The Kempen covers the northeast of Flanders, 

whereas the Vlaamse Zandstreek lies in the north-western part of Flanders. 
More details about these variables can be found in Table 3-2. 




