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INTRODUCTION

Most evidence for functional biodiversity effects has been 
derived from experiments or theoretical studies, and there is 
an urgent need for functional biodiversity research (FBR) in 
real-world landscapes, where the effects of biodiversity are 
interacting with other environmental drivers (De Laender 
et al. 2016). In this context, a recently established network 

of tree species diversity plots in existing forests across Eu-
rope has provided valuable new insights into the signifi-
cance of biodiversity across multiple ecosystem functions 
(FunDivEUROPE; e.g. van der Plas et al. 2016). The Fun-
DivEUROPE platform was intentionally designed to repre-
sent major forest types across Europe, while keeping with-
in-region variation in environmental drivers other than tree 
species diversity and composition at a minimum (Baeten et 
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Background & aim – In general, biodiversity has positive effects on ecosystem functioning. In forests, 
understorey vegetation is influenced by both the composition and species richness of the overstorey 
through species-specific effects on environmental conditions at the forest floor. Forest fragmentation is 
also known to influence understorey vegetation composition and richness. However, the combined effects 
of tree species diversity and forest fragmentation have not been studied yet. With the TREEWEB research 
platform, consisting of 53 forest plots along a tree species diversity and forest fragmentation gradient, we 
aim to unravel the combined effects of tree species diversity, tree species identity and forest fragmentation 
on the understorey composition and diversity. 
Methods – The TREEWEB platform includes forest plots of three tree species richness levels, containing 
all possible species combinations of Quercus robur, Quercus rubra and Fagus sylvatica. Complete dilution 
is avoided in the design, allowing separation between tree species identity and diversity effects. Vegetation 
surveys were conducted in all plots to investigate the species richness, species diversity, compositional 
turnover and cover of the herb layer as well as the shrub layer cover. 
Key results – Within the TREEWEB platform, overstorey-understorey diversity relationships were 
mainly characterised by tree species identity effects. No clear effects of tree species diversity and forest 
fragmentation on understorey composition and diversity were found.
Conclusion – Tree species identity effects were most important in explaining the observed patterns in the 
understorey vegetation. Further in-depth research will allow us to disentangle which mechanisms underlie 
these patterns and whether effects of fragmentation are more pronounced at higher trophic levels.

Key words – TREEWEB, tree species diversity, identity effects, forest fragmentation, understorey 
vegetation.

https://doi.org/10.5091/plecevo.2017.1331
mailto:Stefanie.DeGroote@UGent.be
https://doi.org/10.5091/plecevo.2017.1331
mailto:Stefanie.DeGroote@UGent.be


230

Pl. Ecol. Evol. 150 (3), 2017

al. 2013). Such research allows quantifying how biodiversity 
effects differ between forest types along extensive environ-
mental gradients. Yet, a next important step in forest FBR is 
studying the degree to which biodiversity effects depend on 
the local context of forest patches (e.g. fragmentation), that 
is, accounting for the within-region variation in environmen-
tal drivers. Habitat fragmentation has long been recognized 
as a prime driver of ecosystem composition and function; it 
is known to affect the diversity and abundance of species and 
ecosystem processes (e.g. Billings & Gaydess 2008). Ac-
cording to the island biogeography theory, the species rich-
ness in a fragment can be seen as a dynamic balance between 
immigration and extinction (MacArthur & Wilson 1963). 
More isolated fragments typically have lower immigration 
rates than fragments closer to the source of colonisation, and 
smaller fragments have higher species extinction rates than 
bigger ones. Tree species diversity can affect habitat hetero-
geneity by providing more niches and diverse ways of ex-
ploiting environmental resources (Bazzaz 1975), and could 
affect extinction rates by changing the biotic and abiotic con-
ditions. Thus, increased habitat heterogeneity in mixtures of 
different tree species could counteract higher extinction rates 
in smaller fragments. Despite this potential interaction, frag-
mentation has rarely been integrated in functional biodiversi-
ty studies (Kaartinen & Roslin 2011, Macfadyen et al. 2011).

The diversity and composition of the understorey vegeta-
tion in forests show clear tree species identity effects (e.g. 
Barbier et al. 2008), caused by, for instance, differences in 
litter quality (e.g. Augusto et al. 2003) or shade-casting abil-
ity (e.g. Reich et al. 2012) between tree species. Reported 
effects of tree species diversity on the understorey commu-
nity are less consistent, as both increases and decreases in 
understorey diversity with increasing tree species diversity 
have been observed, as well as absence of any relationship 
(e.g. Vockenhuber et al. 2011, Ampoorter et al. 2015, 2016). 
Based on ecological theory, tree species diversity may affect 
the understorey in two different ways. On the one hand, the 
presence of multiple tree species may induce environmental 
heterogeneity at the forest floor, e.g. in light availability or 
litter quality. Such environmental heterogeneity is expected 
to promote the coexistence of more understorey species com-
pared with the more homogenous forest floor environment 
in monocultures. On the other hand, different tree species 
growing together may interact and create new environmental 
conditions at the forest floor, such as positive effects of lit-
ter mixing on the decomposition and nutrient availabilities 
that are beyond the (additive) contributions of individual tree 
species (Gartner & Cardon 2004). In addition to tree species 
identity and diversity, forest fragmentation has also been 
shown to affect the understorey vegetation. Generally, a low-
er plant species diversity is found in smaller or more isolated 
patches (e.g. Damschen et al. 2006, Rogers et al. 2009). The 
effect of forest fragmentation is typically strongest for forest 
specialist species, whereas less clear patterns are found for 
generalist species that are not strictly bound to forest (e.g. 
Guirado et al. 2006, Jamoneau et al. 2011). 

To date, the joint effects of forest fragmentation and the 
composition and diversity of the overstorey on the understo-
rey vegetation have not been tested. Triggered by this gap 
in the current knowledge on the possible mutual effects of 

fragmentation and local tree biodiversity on forest ecosystem 
functioning, we set up the TREEWEB research platform. The 
platform consists of an exploratory network of 53 research 
plots in mature forests, situated in a 450 km² window in north-
ern Belgium. The design largely follows the European-scale 
FunDivEUROPE research platform (Baeten et al. 2013), but 
we explicitly added between-plot variation in forest fragmen-
tation as a design element. Hence, the TREEWEB design 
allows unravelling the effects of tree species diversity, tree 
species composition and fragmentation on ecosystem com-
position and functioning. We expected:
1) a strong impact of tree species identity on understorey 
diversity and composition, given that tree species can differ 
considerably in their effect on the environmental conditions;
2) positive tree species diversity effects on understorey di-
versity and heterogeneity because of increased environmen-
tal heterogeneity or the creation of new environmental condi-
tions;
3) lower understorey diversity in smaller, more isolated for-
est patches because of increased extinction risk of local pop-
ulations and reduced colonisation of isolated fragments.

MATERIALS AND METHODS

The TREEWEB research platform

The TREEWEB research platform is situated in north-
ern Belgium (fig. 1). The temperate climate is character-
ized by a mean annual temperature of 9.5 °C and an annual 
precipitation of 726 mm distributed evenly over the year 
(1980–2010, Royal Meteorological Institute of Belgium). 
The 15 km × 30 km study window has a total forest cover 
of c. 3 000 ha (forest index 6.8 %), covering both larger for-
est patches (> 80 ha) as well as many small forest patches 
(< 1 ha). The 53 selected study plots have a similar land-use 
history (continuously forested since at least 1850) and de-
velopmental stage (mature stands) (see electronic appendix 1 
for a detailed description). 

All plots are located on a similar relatively dry, sandy 
loam soil located outside river valleys with the soil parent 
material varying from light sandloam to sandloam (electron-
ic appendix 2). This way, potential confounding between tree 
species diversity effects and soil or land-use legacy effects 
are minimized. A pool of three tree species was a priori se-
lected to construct a diversity gradient: all forest stands are 
monocultures or mixtures of the three target species pedun-
culate oak (Quercus robur L.), common beech (Fagus sylva­
tica L.) and red oak (Q. rubra L.). These species are region-
ally economically important and Q. robur and F. sylvatica 
harbour an important associated biodiversity (e.g. Brändle 
& Brandl 2001). By contrast, the non-native Q. rubra is lo-
cally invasive and therefore of concern to both forest manag-
ers and policy makers, although it can be locally important 
for some taxonomic groups (e.g. bats, Dekeukeleire & Jans-
sen 2014). As red oak is often present in managed forests, 
i.e. it is the second most present non-native tree species in 
Flanders (northern Belgium) according to the forest inven-
tory, red oak is part of real-world forests in Flanders. Each 
of the seven possible tree species combinations is included 
in the platform: three monocultures, three mixtures of two-
species, and one three-species mixture. A complete dilution 
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design, i.e. a design in which one species is present at all di-
versity levels, was avoided since all tree species are included 
as monocultures, all species are represented at all tree diver-
sity levels, and a single tree species is not present in each 
species mixture. Therefore, the design allows to distinguish 
tree diversity from tree identity effects (Baeten et al. 2013). 
By implementing all tree species combinations along a forest 
fragmentation gradient (fig. 1, electronic appendix 1), inter-

actions between local variables such as tree species identity 
and diversity and landscape features such as connectivity can 
also be studied. 

The 30 m × 30 m plots were established in early 2014 and 
marked with wooden poles. Plots were small enough to avoid 
a complete dilution design yet reached the minimum size for 
several measurements (e.g. herbivory, litter input) to be eco-
logically meaningful (Baeten et al. 2013). The location of a 

Figure 1 – Map of the study area in northern Belgium. Grey patches represent forest fragments, and the 53 TREEWEB plots are indicated 
by coloured symbols, showing plot-level tree species diversity and composition (Quercus robur = Qrob, Fagus sylvatica = Fsyl and Quercus 
rubra = Qrub).
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plot within a forest stand was chosen in a way that minimized 
the admixture of non-target tree species (< 5 % of the basal 
area) and maximized the evenness of the target tree species 
in mixtures (> 60 % of maximum evenness based on basal 
area) (Baeten et al. 2013). The latter is important because tree 
species that are present in low numbers or as small individu-
als are unlikely to contribute much to ecosystem processes, 
either directly or through interspecific interactions (Mulder 
et al. 2004). Besides, every target species needed to be repre-
sented by at least two trees per plot to make sure that meas-
urements using individuals as the level of observation have 
replicates of species identity. To avoid edge effects of adja-
cent, different stands, we aimed for a buffer zone of minimum 
10 m wide around the plots (selected zone 50 m × 50 m). For 
the buffer zone, the evenness and admixture criteria were less 
strict, but the tree species composition and structure of the 
buffer zone needed to be comparable to the plots.

Plot characteristics

During February–March 2015, we mapped the position of 
each tree with a diameter at breast height (dbh) larger than 
15 cm using the Field-Map system (Institute of Forest Eco-
system Research (IFER) – Monitoring and Mapping Solu-
tions, Ltd., Jílové u Prahy, Czech Republic; www.field-map.
com). For all the trees of which the crown covered part of 
the plot, we measured the dbh, height, crown base height and 
crown projection. Based on these data, we drew plot-specific 
maps (fig. 2). The study plots had a mean stem number of 
17 (min 9 – max 40) and a mean basal area of 39.04 m²/
ha (25.09–55.28 m²/ha) (table 1). Non-target species were 
present in 23 study plots; only seven plots exceeded the 5 % 
admixture criterion and one plot had an admixture of 12 %. 
The most common admixed species were ash (Fraxinus ex­
celsior L.), sweet chestnut (Castanea sativa Mill.) and syca-
more maple (Acer pseudoplatanus L.). The evenness based 
on basal area of the target tree species in mixtures was on 
average 96.8 % of maximum evenness (86.8–99.9 %). In a 
two-species mixture, evenness is at its maximum if the basal 
area of both species is the same. For two species with a basal 
area of 22.36 m²/ha and 17.11 m²/ha, for example, the even-
ness is 98.7 % of the maximum evenness.

Two fragmentation measures were calculated for every 
study plot. Forest fragment area is defined as the area of the 
forest fragment in which the plot is situated and ranged be-
tween 1.3 ha and 90.4 ha; Distance to the closest edge is de-
fined as the shortest Euclidian distance from the centre of the 
plot to the closest forest edge and ranged between 7.0 m and 
215.5 m (table 1). Distance to forest edge was used as frag-
mentation measure since this measure has been identified as 
determinant of herb layer diversity (Harper et al. 2005, Gon-
zalez et al. 2009). While distance to forest edge can be seen as 
a local fragmentation measure, considering forest fragment 
area allows to take into account fragmentation in a landscape 
context. However, since both fragmentation measures were 
positively correlated (rpearson = 0.46, p < 0.001), all models 
were run with only one fragmentation measure at the time. 

Figure 2 – A detailed plot map. The big square is the 30 m × 30 
m plot, dots represent trees, polygons are tree crown projections 
(different colours for different tree species). Small squares indicate 
the 5 m × 5 m subplots in which vegetation surveys took place.

Vegetation data

Each plot was subdivided into four 15 m × 15 m squares. 
Five subplots of 5 m × 5 m were established, one in the cen-
tre of each square and one in the centre of the plot (fig. 2). 
Within each of these subplots, we identified all species in the 
tree (height > 7 m), shrub (1 m < height < 7 m) and herb lay-
er (height < 1 m) and estimated the percentage cover of each 
species during August 2015. The herb layer species rich-
ness per plot was calculated as the number of different herb 
layer species found across the five subplots. Likewise, the 
herb layer species diversity was calculated as the exponent 
of the Shannon diversity index, using the mean cover val-
ues of each species over the five subplots per plot. For each 
plot, we also quantified the compositional variation within 
the plot, using the species composition of the five subplots 
per plot, with a multiple-site dissimilarity measure account-
ing for species turnover only (βSIM, Baselga 2010). Finally, 
total cover of the herb and shrub layer were estimated at plot 
level.

Statistical analyses

To explore which variables drive the understorey community 
composition, a redundancy-analysis (RDA) was performed 
(function rda from library vegan in R version 3.2.5, R Core 
Team 2016). We chose RDA as the gradient in species turno-
ver was expected to be small. As response variable, we used 
a matrix containing the mean plot-level abundances of each 
understorey species. The explanatory variables were true tree 

http://www.field-map.com
http://www.field-map.com
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http://www.field-map.com
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species diversity (calculated as the exponent of the Shannon 
diversity index based on basal area of all the tree species pre-
sent in a plot), distance to forest edge, forest fragment area 
and the total basal areas of Q. robur, F. sylvatica and Q. ru­
bra at plot level.

To test for overall effects of tree species diversity and for-
est fragmentation on the understorey, we used linear models 
(see electronic appendix 3 for details about the used models). 
We included true tree species diversity, a measure of forest 
fragmentation and plot-level total basal area as predictor var-
iables. We fitted different models for the different response 
variables: plot-level species richness, species diversity and 
compositional turnover of the herb layer within the plot, and 
cover of the herb and shrub layer. 

Next, to investigate how the identity and diversity of the 
tree species affect the different understorey-related response 
variables, we used a set of diversity-interaction models (Kir-
wan et al. 2009) (electronic appendix 3). A first null model as-
sumes that all the tree species have a similar, non-interactive 
effect on the understorey. The species identity model assumes 
that the tree species have a different, purely additive effect 
(i.e. no interactive effect). The pairwise interaction model as-
sumes that the tree species have a different effect and their 
interaction further contributes to patterns in the understorey. 
The interaction between the tree species is described as inter-
actions between the species pairs. Each model was fitted with 
the lm function in R. AIC (Akaike’s information criterion; 
Akaike 1973) was used to compare the different models and 
the model with the lowest AIC was regarded as most consist-
ent with the data. However, models that differed < 2 in AIC 
were considered equivalent (Burnham & Anderson 2004) and 
in this case, preference was given to the simplest model.

RESULTS

The herb layer was in general relatively poor in species, with 
Rubus sp., Pteridium aquilinum and saplings of Quercus ru­
bra as the most common species. In total, 56 different plant 
species were recorded in the herb layer (electronic appendix 
4). The understorey community at plot level was correlated 
with the different tree species in the overstorey (fig. 3). Only 
three understorey species showed clear relationships with 
specific overstorey species or forest fragmentation. Cover 
values of Rubus sp. increased with increasing basal area of 
Q. robur in the overstorey. P. aquilinum cover was more 
abundant in plots situated in larger forest fragments and also 
showed a positive relationship with the basal area of F. syl­
vatica in the overstorey. Q. rubra saplings were more abun-
dant with increasing basal area of Q. rubra in the overstorey.

When distance to edge was included as fragmentation 
measure in the linear models, none of the predictor variables 
was significant in explaining the different understorey re-
sponse variables (results not shown). When forest fragment 
area was included, we found a significant negative effect of 
forest fragment area (p = 0.004) and a significant positive in-
teraction (p = 0.02) between tree species diversity and frag-
ment area on the species richness of the herb layer. However, 
this model was only marginally significant (p = 0.056, r² = 
0.17).

For the set of diversity-interaction models, both frag-
mentation measures gave similar results, and further only 
results with forest fragment area as fragmentation measure 
are discussed. None of the diversity-interaction models ex-
plained herb layer species richness (p = 0.15, r² = 0.07 for 
the null model) or herb layer species diversity (p = 0.91, r² = 

Tree species compo-
sition Qrob Fsyl Qrub Qrob-Fsyl Qrob-Qrub Fsyl-Qrub Qrob-Fsyl-

Qrub

no. plots 8 8 8 8 8 6 7

BA (m²/ha) 37  
[26–51]

41  
[33–52]

39  
[25–55]

38  
[33–44]

39  
[32–44]

41  
[37–46]

39  
[35–46]

N (/ha) 186  
[133–233]

122  
[100–156]

236  
[111–444]

183  
[133–300]

207  
[178–311]

163  
[133–278]

184  
[122–289]

BA % Qrob 98.8  
[95–100] – – 45.3  

[33.8–57.4]
46.5  

[27.6–59.9] – 27.5  
[17.9–38.7]

BA % Fsyl – 99.6  
[96.9–100] – 53.8  

[42.6–65.2] – 47  
[35.8–59.3]

33.7  
[24.1–44.8]

BA % Qrub – – 98.1  
[92.1–100] – 49.7  

[36.7–67.5]
53  

[40.7–64.2]
35.9  

[25.3–49.4]

BA % other species 1.2  
[0–5]

0.4  
[0–3.1]

1.9  
[0–7.9]

0.9  
[0–5.4]

3.7  
[0–9.3] 0 2.9  

[0–12]

Fragment area (ha) 39.1  
[3–90.4]

46.1  
[3.5–90.4]

55.9  
[35.5–90.4]

48  
[1.3–90.4]

30.7  
[19.3–53.4]

73  
[29.8–90.4]

47.3  
[10.7–90.4]

Closest edge (m) 52.1  
[21.6–101.4]

75.7  
[43–215.5]

92.2  
[7–200]

87  
[33.6–196.6]

75  
[12.9–199.4]

104.4  
[53.1–171.6]

70.5  
[25.9–135.7]

Table 1 – Stem density (N), basal area (BA), forest fragment area (fragment area) and distance to closest edge (closest edge) of the 53 
TREEWEB plots with Quercus robur (Qrob), Fagus sylvatica (Fsyl) and Quercus rubra (Qrub) as target tree species.
Values are mean with [min–max].
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0.003). Thus, tree species identity had no significant effect on 
herb layer species richness (fig. 4A) and diversity (fig. 4B). 
The identity models provided the best fit for the composi-
tional turnover of the herb layer between subplots (p < 0.001, 
r² = 0.74), herb cover (p < 0.001, r² = 0.84), and shrub cov-
er (p < 0.001, r² = 0.79). Species turnover was highest un-
der F.  sylvatica, followed by Q. robur, and then Q. rubra 
(fig. 4C). Herb and shrub cover were highest under Q. robur, 
followed by Q. rubra and F. sylvatica (fig. 4D & E).

DISCUSSION

Effects of tree species diversity and forest fragmentation

True species diversity effects emerge when the effects of 
mixing tree species on ecosystem properties or processes 
are beyond what one may expect based on purely additive 

species identity effects. Within the TREEWEB platform, the 
overstorey-understorey diversity relationships were mainly 
characterised by tree species identity effects. No tree species 
diversity effects on the understorey, nor interactions between 
tree species diversity and forest fragmentation were found. 
The herb layer species richness was the only response vari-
able that tended to show a relationship with fragmentation 
(i.e. fragment area). The absence of clear effects of frag-
mentation (distance to forest edge, fragment area) on the 
understorey may be due to the overall historical fragmenta-
tion, degradation and homogenisation of forests which has 
resulted in more generalist plant species in the understorey, 
tolerant to various soil, nutrient and light conditions. The mi-
nor influence of landscape context on the understorey is con-
sistent with the results of Guirado et al. (2007), who found 
that local site conditions were more important than forest 

Figure 3 – Redundancy analysis of the understorey vegetation data. Coloured circles represent the plots with different tree species composition 
(Quercus robur = Qrob, Fagus sylvatica = Fsyl and Quercus rubra = Qrub). Blue filled circles represent the understorey species with outliers 
captioned. Explanatory variables (indicated on the arrows) are the basal area of Quercus robur, Q. rubra and Fagus sylvatica, tree species 
diversity and the fragmentation measures distance to edge and forest fragment area. Tree species diversity is calculated as the exponent of 
the Shannon diversity index based on the basal area of all the trees in a plot. 
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patch size and connectivity in explaining understorey com-
position. In addition, landscape ecology theory predicts that 
habitat loss and fragmentation mainly affect species at high 
trophic levels (Holt et al. 1999, Davies et al. 2004, Cagnolo 
et al. 2009), while our study is considering the understorey 
consisting of species from the lowest trophic level. The gen-
eralist species composition of the understorey may also be 

a reason for the absence of a clear relationship between tree 
species diversity and the understorey in the TREEWEB plat-
form. When considering generalist species, heterogeneity in 
tree species composition will not necessary lead to increased 
niche heterogeneity or decreased plant species performance 
due to positive or negative complementarity effects. Our 
findings are similar to those of Ewald (2002), Borchsenius 

Figure 4 – The results of the diversity-interaction modelling for the five understorey response variables: herb layer species richness (A), herb 
layer diversity as the exponent of Shannon (B), compositional turnover of the herb layer (C), the total cover of the herb (D) and shrub (E) 
layer. The models with the lowest AIC (indicated in bold) were used to predict the different responses for hypothetical forest plots consisting 
of monocultures of each target species at average basal area and average level of fragmentation. Δ AIC represents the differences in AIC 
between the best model and the remaining models. 
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et al. (2004), Houle (2007) and Ampoorter et al. (2016), 
but others detected positive relationships between tree and 
herb layer diversity (Ingerpuu et al. 2003, Aubert et al. 2004, 
Mölder et al. 2008, Vockenhuber et al. 2011), while Barbier 
et al. (2008) even found a negative effect. As we sampled the 
understorey in August, this might have influenced the under-
storey species composition since early-flowering geophytic 
herbs such as Anemone nemorosa L. are no longer visible in 
summer. If some of these herbs were influenced by tree spe-
cies diversity, we might have missed the effect due to the late 
sampling season.

Effects of tree species identity

We found no significant difference in herb layer species 
richness between tree species, contradictory to Brunet et al. 
(1996) and Skov (1997), who reported a higher herb layer 
species richness in stands of oak compared to beech, and 
Chmura (2013), who found that the species richness of the 
herb layer was negatively correlated with the cover of Q. ru­
bra in the overstorey. The diversity of the herb layer seemed 
also not affected by the identity of the tree species in the 
overstorey, consistent with Augusto et al. (2003), who did 
not find clear tree species identity effects on understorey veg-
etation diversity, and other studies that have shown relatively 
weak tree species identity effects on understorey vegetation 
diversity (Whitney & Foster 1988, Qian et al. 1997). This 
absence of response may be due to the generalist species 
composition of the understorey vegetation, being tolerant to 
various soil, nutrient and light conditions. The late sampling 
season may also have influenced these results as some herb 
species are no longer visible in August. However, we did 
find clear tree species identity effects on the compositional 
turnover of the herb layer as well as the covers of both herb 
and shrub layer. Species-specific influences of the overstorey 
on shrub and herb cover were also noticed by Klinka et al. 
(1996) and Augusto et al. (2003).

Summarizing per tree species, we found that Quercus 
robur was related with the highest cover values for both the 
herb and the shrub layer and a medium species turnover with-
in plots. Under Fagus sylvatica, we found the lowest cover 
values and the highest turnover: few individuals of understo-
rey species occurring locally. Quercus rubra showed medium 
cover values and the lowest turnover: a spatially uniform herb 
layer, with numerous Q. rubra saplings. The observed differ-
ences in understorey cover might be the result of differences 
in light transmittance between the three tree species. Light is 
often considered a major limiting factor of understorey veg-
etation cover and richness (Kirby 1988, Jennings et al. 1999). 
In trees, light transmittance is closely correlated with shade 
tolerance and successional status, with the most shade-toler-
ant species casting the deepest shade (Canham et al. 1994). Of 
our study species, Q. robur is the least shade-tolerant species 
and F. sylvatica the most shade-tolerant species (Niinemets & 
Valladares 2006, Ellenberg 2009), while Q. rubra is classified 
as intermediate (Rebbeck et al. 2012). Hence, light transmit-
tance was probably highest under Q. robur, leading to the 
highest understorey cover. Within the TREEWEB platform, a 
lower crown cover was found in Q. robur and Q. rubra stands 
compared to F. sylvatica stands, indicating higher light avail-

ability under Q. robur and Q. rubra (B. Sercu, Ghent Univer-
sity, Belgium, unpubl. res.). Härdtle et al. (2003) also found 
a lower canopy cover with increasing proportion of Quercus 
in mixed F. sylvatica – Quercus species (Q. robur, Q. petraea 
(Matt.) Liebl.) stands. In addition, as these two Quercus sp. 
leaf out rather late in spring and have a low crown density, the 
light regime is favourable for the understorey vegetation (see 
Heinken 1995, Pallas 2000). Low light availability is charac-
teristic for F. sylvatica, but the species is also known for its 
dense fine roots near the soil surface. Leuschner et al. (2001), 
for instance, found denser fine roots under F. sylvatica com-
pared to Q. petraea. Strong root competition between trees 
and the herb layer may result in a lower availability of water 
and nutrients for the understorey species (Coomes & Grubb 
2000), and a lower understorey cover. Barbier et al. (2008) 
also attributed low understorey cover under F. sylvatica to the 
strong competition for water between the dense superficial 
tree roots and the understorey vegetation. The intermediate 
cover under Q. rubra might be caused by its litter. The large, 
tough leaves with low litter quality (S. De Groote, Ghent Uni-
versity, Belgium, unpubl. res.) decompose slowly and accu-
mulate on the soil (Dobrylovska 2001), creating a physical 
barrier for the understorey vegetation and causing low ger-
mination and establishment success (Facelli & Pickett 1991). 
In addition, the growth inhibitors (mainly phenolics) in the 
leaves may reduce germination of several herbaceous species 
(Lodhi 1976). Seedlings and saplings of Q. rubra were omni-
present under Q. rubra, which might explain the low spatial 
diversity of the associated herb layer. As a non-native, inva-
sive tree species in Belgium, we expected Q. rubra to have a 
negative impact on understorey biodiversity (cf. Branquart et 
al. 2007, Chmura 2013). Yet, we did not find a clear effect on 
species richness or diversity of the herb layer.

CONCLUSION

Within the TREEWEB research platform, consisting of mon-
oculture plots up to three-species mixtures of Quercus robur, 
F. sylvatica and Q. rubra, we found no clear effects of tree 
species diversity and forest fragmentation on understorey di-
versity and composition; tree species identity was more im-
portant for explaining patterns in the understorey vegetation. 
Understorey cover was highest under Q. robur, F. sylvatica 
was characterised by a sparse herb layer with high turnover, 
while the herb layer was spatially homogenous under Q. ru­
bra. Differences in light transmittance, root density, and litter 
quality between the tree species might play a role in explain-
ing these identity effects. The TREEWEB research platform 
will be further used to study the combined effects of tree di-
versity and forest fragmentation at different trophic levels, 
with fragmentation effects expected to be more pronounced 
at higher trophic levels.

SUPPLEMENTARY DATA

Supplementary data are available at Plant Ecology and Evo­
lution, Supplementary Data Site (http://www.ingentacon-
nect.com/content/botbel/plecevo/supp-data) and consist of 
the following: (1) plot selection procedure of the TREEWEB 
research platform (pdf); (2) soil characteristics of the TREE-

http://www.ingentaconnect.com/content/botbel/plecevo/supp-data
http://www.ingentaconnect.com/content/botbel/plecevo/supp-data
http://www.ingentaconnect.com/content/botbel/plecevo/supp-data">http://www.ingentacon-
http://www.ingentaconnect.com/content/botbel/plecevo/supp-data


237

De Groote et al., Understorey driven by tree species rather than diversity and fragmentation

WEB plots (pdf); (3) detailed model descriptions (pdf); and 
(4) species list of the herb layer within the 53 TREEWEB 
plots (Excel spreadsheet).
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