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Effecten van naburige boomsoortensamenstelling in jonge 
bosopstanden: impact van stress, soortidentiteit en multitrofe interacties
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16 
 

1.1. Background
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1.2. BEF in forests 
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2.1. Background 

sensu
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2.2. BEF and SGH? 

Fig. 1: Interaction between species richness and changes of productivity in space (a) and time (b) due to 
the occurrence of stress, as predicted from positive BEF relationships and the SGH. Figure from Jucker et 
al. (2015). 
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4.1. Herbivores and pathogens 

P. 
vulgatissima Melampsora sp. Salix 

4.2. Impact of stress 
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ceteris paribus
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Fig. 1: Location of the different field sites in Belgium I made use of in this thesis. Two of the FORBIO sites 
were used, in Zedelgem and in Gedinne. Also in Zedelgem, we monitored a Short Rotation Coppice 
experimental site with mixtures of  clones.  

Psyllobora vigintiduopunctata
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Dillen, M., Vanhellemont, M., Verdonckt, P., Maes, W.H., Steppe, K., Verheyen, K., 
2016. Productivity, stand dynamics and the selection effect in a mixed willow clone short 
rotation coppice plantation. Biomass and Bioenergy 87, 46–54. 

Salix
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Biodiversity and Ecosystem Functioning

Salix

associational resistance

et al. 
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2.1 Study site 

Fig.1: (a) Map of the experimental site. Plots and subplots are indicated. G, K and T represent the clones 
Gudrun, Klara and Tordis. The two plots in the most eastern part of the site (G and GT) were not 
sampled. To compensate for this, their replicates were sampled twice. (b) An example of the Swedish 
planting scheme used in the experiment for a two-clone mixture. The two rectangles show the subplots as 
they would be demarcated in the two different plots of the same clonal composition. 
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Salix dasyclados Salix viminalis Salix 
schwerinii S. 
viminalis S. dasyclados S. schwerinii

Melampsora sp. Phratora sp.

2.2 Data collection 
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in situ 
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et al.

 

Fig.2: Leaf surface temperature map of the experimental site. G, K and T stand for the clones Gudrun, 
Klara and Tordis. Using ArcGIS, the data was classified into 16 classes with an equal amount of pixels in 
each class (‘quantile’), hence the nonlinearity of the temperature scale.

2.3 Data analysis 
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Fig.3: The allometric relationships between stem diameter and dry biomass of the three clones in 2011 
(a) and 2013 (b).The parameter estimates and adjusted R² values can be found in the embedded tables.

 

Fig. 4: Productivities in 2011 (a) and 2013 (b). The bars denote the three sampled double rows in the 
subplots, whereas the curve indicates the average productivity of the three double rows in each subplot. 
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3.1 Productivity 

3.2 Soil variables and leaf temperature 
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Table 1: Averages of the descriptive statistics per double row for 2011 and 2013. H is dominant height in 
m, Y is productivity in t DM ha-1 yr-1, S is the total number of stools, N the total number of stems and EV 
the evenness of biomass among stools. The second column indicates the diversity level, i.e. the number 
of clones present in the subplot where the double row is located. Two-way ANOVA tests were performed 
to find significant differences between clones, diversity levels and their interaction for all variables. 
Significant differences with Tukey’s HSD (p<0.05) after two-way ANOVA are indicated. 

Fig. 5  (a) Subplot average leaf surface temperatures from west to east. An index of 1 refers to the most 
western plots; of 6 to the most eastern plots that were measured (cf. also Fig. 1a). (b) Subplot average 
leaf surface temperatures plotted against 2013 productivities. 
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3.3 Diversity effects 

Fig. 6: The distribution of stem biomass for Gudrun in 2013. The biomass classes on the x axis are 
indicated by their upper boundary. The interval size is 500 g. 
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Table 2: Diversity effects according to the method of Loreau & Hector (2001). RYi is the difference in 
relative observed and expected productivity for clone i. The first clone in each two-clone mixture is the 
one with two out of three double rows. K is Klara, T is Tordis and G is Gudrun. CMP is the 
complementarity and SEL the selection diversity effect; both are in t DM ha-1 yr-1. The ratio between the 
absolute values of CMP and SEL is listed to indicate their relative contribution. The sum of both CMP and 
SEL is also listed to indicate the total diversity effect. 
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4.1 Productivity variability 

Phratora 
Melampsora 
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4.2 Clone-specific analysis 
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4.3 Complementarity and selection effect 



45 
 



46 
 

Table A1: Diversity effects according to the method of Loreau and Hector (2001). One poorly 
yielding Klara monoculture was not used in this analysis. RYi is the difference in relative 
observed and expected productivity for clone i. The first clone in each two-clone mixture is the 
one with two out of three double rows. K is Klara, T is Tordis and G is Gudrun. CMP is the 
complementarity and SEL the selection diversity effect; both are in t DM ha-1 yr-1. The ratio 
between the absolute values of CMP and SEL is listed to indicate their relative contribution. The 
sum of both CMP and SEL is also listed to indicate the total diversity effect. 
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Dillen, M., Verheyen, K., Smit, C., 2016. Identity rather than richness drives 
neighbourhood species composition effects on sapling growth in a young forest. For. 
Ecol. Manage. 380, 274–284.  

Quercus

Q. robur

Q. petraea
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Erysiphe alphitoides
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2.1. Sites 
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Quercus Fagus

Quercus robur Fagus sylvatica Pinus sylvestris
Tilia cordata Betula pendula

Picea 
abies

Quercus petraea Acer pseudoplatanus
Larix x eurolepis Pseudotsuga menziesii
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Fig. 1: Experimental design of the FORBIO sites of Zedelgem and Gedinne, with their location inside 
Belgium depicted in the top left corner. Each site consists of at least 40 plots with composition of 1 up to 4 
different tree species. Our experiment was performed only in plots 1 - 41, not including plot 38.  Each plot 
was set up similar to the grid structure depicted in the top right corner, where the different colors 
represent different tree species groups. Plots with two species were planted with the 3x3 groups 
alternating regularly like a checkerboard. Plots with three or four species had the species groups 
alternating randomly as in the example grid. Our phytometer plots were planted at points where the four 
adjacent FORBIO trees corresponded to the plot’s species composition. This was not always possible at 
the center, in particular because four of the center spots had been allocated there already as permanent 
sampling plots for long-term monitoring and were therefore not usable for our experiment.

2.2. Experimental setup 

Q. 
robur
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Fig. 2: Example of a plot with three potted  phytometers. One and two gutters on each side of the 
sapling correspond to the medium (-18%) and severe (-35%) rainfall reduction treatment respectively. 
Surrounding the three pots are four larger FORBIO trees, always in mixtures at the crossing of four 
different three by three planting blocks. 
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2.3. Monitoring protocol 
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Cynips divisa

2.4. Calculations 

BAIr
HIr
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2.5. Statistical analysis 

 lme4 lmerTest 

MuMIn

RR: The three level reduced rainfall treatment. 

D: Factor for the depth the measurement was made at (0-6 cm and 14-20 cm).  

SH: Degree of shading in %; centered around the mean. 
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SR: Tree Species Richness in the local neighbourhood, gradient from 1 to 4. 

B: The two replicates (‘blocks’) of all treatments. 

SPi: The presence/absence in the local neighbourhood of the five species present in the 
site. 

PM infection severity (% of total leaf area affected). 

SH: Degree of shading in 2015 (%). 

SH: Degree of shading, as a fraction between 0 and 1. Centered around the mean. 

PMi: PM infection severity, as a fraction between 0 and 1. Centered around the mean.
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rms 

3.1.  Treatment validation 

Fig. 3: Soil moisture contents and their confidence intervals separated between block and measurement 
depth for the sites of a) Zedelgem and b) Gedinne. Black bars indicate the control, light grey bars the 
most severe reduced rainfall treatment. There were no measurements at 14-20 cm in block 1 of Gedinne 
(‘Gribelle’) due to the high stone content. Significant differences according to the models is indicated 
using the digits a and b. Note that the model was not run separately for different depths of measurement 
and that the interaction between depth and level of rainfall reduction was never significant (Table A3). 
Hence, the graphical interpretation of the confidence intervals may differ from the mixed model results. 
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3.2. Model results 

 

Fig. 4: Relative increment of basal area (BA) and height (H) in a) Zedelgem and b) Gedinne from 2013 to 
2015 and across the three years. Bars in dark are phytometers without oak in the local neighbourhood, 
whereas grey bars represent phytometers with oak. Confidence intervals at 95% are indicated. Significant 
differences according to the models is indicated using the digits a and b. 
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sensu stricto

Quercus
Q. petraea

Q. robur
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Q. petraea Q. robur

Q. petraea

Q. petraea

Fraxinus excelsior
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petraea
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F. excelsior

Quercus 

Q. petraea Q. robur
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Table A1: Species combinations used for the two- and three-species mixtures in Zedelgem (Z) and 
Gedinne (G). Species are listed by their abbreviated scientific names: Quercus, Fagus, Tilia, Betula, 
Pinus, Acer, Larix and Pseudotsuga. Designs were similar in both sites, hence the symmetry of the 
matrices with only three of the five species replaced by others. x indicates species which were combined, 
A – E represent the five three-species mixtures. 
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Fig. A1: Location of the phytometer plots in Zedelgem. The plot numbers have been removed to see the 
locations more clearly, they can be found in Fig. 1 in the manuscript. 
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Fig. A2: Location of the phytometer plots in Gribelle (left) and Gouverneurs (right). The plot numbers have 
been removed to see the locations more clearly, they can be found in Fig. 1 in the manuscript. 
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Table A2: Monthly rainfall in mm for the growing season months of oak in the experiment, based on data 
from weather stations nearby (approximated straight distance from the sites indicated). 

Table A3: Results of the soil moisture content models for Zedelgem and Gedinne. ***, ** and * imply p-
values of <0.001, <0.01 and <0.05 respectively. The third column describes the results of retesting the 
models with a different reduced rainfall treatment as intercept, with the Šidák correction applied to . 0, 1 
and 2 refer to the three reduced rainfall treatments, with 0 the control and 2 the most severe treatment. 
SH is the shading % and was centered around its mean. Depth (d) was not a factor in Block 1 of Gedinne 
as all measurements there were taken at the surface. 
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Table A4: Table with the species richness (SR) and reduced rainfall gradient model results for basal area 
and height increment in Zedelgem and Gedinne. Significant or semi-significant parameter estimates are 
shown in bold, with °, *, ** and *** indicating a significance of <0.1, <0.05, <0.01 and <0.001 respectively. 
The reduced rainfall effects are indicated as 1 (medium) and 2 (severe treatment). B is the block factor. 
The intercept C was virtually always significant and was included in the table to allow interpreting the 
order of magnitude of the different parameter effect sizes. Square root transformations to compensate for 
residual heterogeneity are indicated, with an * indicating that the response variable was first pre-
transformed by adding a constant to have a minimum of 0. 
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Table A6: Table with the species richness (SR) and reduced rainfall gradient model results for PM and 
shading levels in Zedelgem and Gedinne. Significant or semi-significant parameter estimates are shown 
in bold, with °, *, ** and *** indicating a significance of <0.1, <0.05, <0.01 and <0.001 respectively. The 
reduced rainfall effects are indicated as 1 (medium) and 2 (severe treatment). B is the block factor. The 
intercept C was virtually always significant and was included in the table to allow interpreting the order of 
magnitude of the different parameter effect sizes. Square root transformations to compensate for residual 
heterogeneity are indicated. 
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Dillen, M., Smit, C., Buyse, M., Höfte, M., De Clercq, P., Verheyen, K. Stronger diversity 

effects with increased environmental stress: A study of multitrophic interactions between 

oak, powdery mildew and ladybirds Submitted to PLOS ONE. 

Quercus Erysiphe 
Psyllobora vigintiduopunctata
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Erysiphe 
Quercus

E. alphitoides
E. quercicola E. hypophylla Phyllactinia roboris E. alphitoides

Psyllobora vigintiduopunctata
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Q. robur
P. vigintiduopunctata

Quercus
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2.1. Field experiment 

Quercus robur Fagus sylvatica Pinus 
sylvestris Tilia cordata Betula pendula

Q. robur

 

Fig. 1: Example of a phytometer plot with the three rainfall reduction treatments. Three of the four 
surrounding FORBIO trees are visible.
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P. 
vigintiduopunctata

Fig.2: Example of ladybird grazing marks on oak PM. 

 lme4 lmerTest 
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PM SR
RR

SP

lme4

2.2. Lab experiment 
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Fig.3: Example of a ladybird choice feeding experiment, picture taken after 24 hours. The ladybird was 
removed to take this picture, but evidence of mycophagy can be noted in particular on the two leaf 
segments on the left. The leaf on the bottom also contains multiple particles of feces. 

P. vigintiduopunctata

P. vigintiduopunctata
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Q. robur Convolvulus sp. Sonchus oleraceus

lme4
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3.1. Field experiment 

Table 1: Parameter estimates of the mixed models of the PM and mycophagy scores (%) and total 
number of ladybirds over 4 measuring moments in function of rainfall reduction (RR) and species richness 
(SR). C is the intercept, PM.c is the PM score covariate centered around its mean when applicable. 
Statistical significance is indicated using °, *, ** and *** indicating p < 0.1, 0.05, 0.01 and 0.001 
respectively. Overdispersion was present for the ladybird count model as indicated by the ratio and its ² 
test . 

Tilia

Fagus
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Fig.4: PM mycophagy in function of species richness in weeks 3 and 4 of monitoring, when a significant 
interaction was found. The mycophagy scores were transformed according to the effect of the PM 
covariate. 

  

Fig. 5: Soil moisture content by volume of the lab experiment oak trees for the different watering 
treatments (black = weekly 1L, dark grey = 0.8 L and light grey 0.6 L) with their 95% confidence intervals. 
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3.2. Lab experiment 

Fig. 6: Average PM infected area of the lab experiment oak trees for the different watering treatments 
(black = 1L, dark grey = 0.8 L and light grey 0.6 L per week) with their 95% confidence intervals.   
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Fig. 7: Mycophagy in function of choice experiment running time, for different watering treatments (RR0, 1 
and 2 corresponding to weekly watering of 1, 0.8 and 0.6 L respectively) and ladybird gender (m = male, f 
= female). Values were determined based on fixed parameter estimates of the full mixed model at 
average initial PM infected area. 
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Psyllobora 

Arabidopsis
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Quercus
Q. suber

Q. robur

Q. rubra
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Heracleum sphondylium Sonchus 
oleraceus



91
 

 Ta
bl

e 
A

1:
 P

ar
am

et
er

 e
st

im
at

es
 fo

r t
he

 id
en

tit
y 

m
od

el
s 

of
 th

e 
fie

ld
 e

xp
er

im
en

t. 
M

P
 is

 m
yc

op
ha

gy
 a

nd
 P

M
 is

 p
ow

de
ry

 m
ild

ew
 c

ro
w

n 
ar

ea
 %

. Q
u,

 
Fa

, T
i, 

B
e 

an
d 

P
i r

ep
re

se
nt

 re
sp

ec
tiv

el
y 

Q
ue

rc
us

, F
ag

us
, T

ili
a,

 B
et

ul
a 

an
d 

P
in

us
 p

re
se

nc
e 

in
 th

e 
lo

ca
l n

ei
gh

bo
ur

ho
od

 a
nd

 C
 is

 th
e 

in
te

rc
ep

t. 
In

te
ra

ct
io

ns
 w

ith
 th

e 
ra

in
fa

ll 
re

du
ct

io
n 

(R
R

) t
re

at
m

en
t a

re
 in

di
ca

te
d 

by
 1

 (m
ed

iu
m

) a
nd

 2
 (s

ev
er

e 
re

du
ct

io
n)

. S
ta

tis
tic

al
 s

ig
ni

fic
an

ce
 is

 in
di

ca
te

d 
us

in
g 

°,
 *

, *
* 

an
d 

**
* 

in
di

ca
tin

g 
p 

< 
0.

1,
 0

.0
5,

 0
.0

1 
an

d 
0.

00
1 

re
sp

ec
tiv

el
y.

 A
ll 

re
sp

on
se

 v
ar

ia
bl

es
 w

er
e 

sq
ua

re
 ro

ot
 tr

an
sf

or
m

ed
 d

ue
 to

 re
si

du
al

 
he

te
ro

ge
ne

ity
. 



92 
 

Table A2: Results of the full model for the choice feeding experiment. 
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Psyllobora 
vigintiduopunctata
Based on Buyse, M., 2015. (In Dutch) Biologische controle van eikenmeeldauw door 
lieveheersbeestjes en interacties met droogtestress. MSc Thesis. Ghent University. 

 

Psyllobora vigintiduopunctata
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Fig. 1: Psyllobora vigintiduopunctata adults. 

Psyllobora rufosignata

Psyllobora vigintimaculata
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P. vigintiduopunctata  P. 
gratiosa P. bisoctonotata

P. 
vigintiduopunctata  

2.1. Field observations 

P. vigintiduopunctata

Q. robur .

 

Fig. 2: Opened breeding box for adult ladybirds. 

2.2. Breeding program 



96 
 

Convolvulus arvensis Q. robur
Sonchus oleraceus C. arvensis

Fig. 3: Breeding box for egg hatching and rearing of larval stadia. At the center and on the enlarged 
picture eggs on a wad of cotton wool can be observed. 



97 
 

Q. robur

Fig. 4: Larva of P. vigintiduopunctata (4th instar), grazing on oak powdery mildew. 

2.3. Feeding quantification 

C. arvensis

Q. robur
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ggplot2

3.1. Field Study 

P. vigintiduopunctata

Heracleum 
sphondylium  Q. robur. 
Trifolium Rubus Acer

Q. robur

Fig. 5: Distribution of number of eggs among egg clutches. 
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3.2. Breeding program 
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Fig. 6: Development times at different stages of life. Each crossbar depicts the time a single individual 
spent in that stage. The longer the crossbar, the greater the uncertainty of the exact starting and/or 
ending date of that phase. 

Fig. 7: Development of 8 larvae through the four larval life stages (also known as instars, L1-4). The 
crossbars depict the estimated ending time of each instar. Larvae 7 and 8 were of the second clutch. 
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Fig. 8: Head of adult male (left) and female (right) ladybird. Note the different shape of the spot, which is 
more V-shaped on the male. 

C. arvensis

Fig. 9: Mean grazing rates at different stages of life and their standard deviations. Sample sizes are 
indicated. Female and male refer to the adults. Identification of gender during the four larval phases (L1-
4) was impossible. 
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P. vigintiduopunctata

C. arvensis

P. vigintimaculata

P. 
vigintiduopunctata 

Psyllobora 
vigintiduopunctata

Convolvulus 
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arvensis Psyllobora
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Dillen, M., Smit, C., Verheyen, K. How does neighbourhood tree species composition 
affect growth characteristics of oak saplings? Submitted to Forest Ecology and 
Management 

 

Quercus robur petraea



105 
 



106 
 

Erysiphe Quercus
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2.1. Field sites 

Quercus robur Fagus sylvatica
Pinus sylvestris Tilia cordata Betula 

pendula Quercus petraea
Acer pseudoplatanus Larix x eurolepis

Pseudotsuga menziesii

Picea abies



108 
 

Fig. 1: Lay-out of the experimental setup in the two FORBIO sites. In the example of a four-species plot in 
the top right, each numbered cell represents a tree and each color represents its species. Three oak 
saplings were planted between four such trees, in one of the black rectangles where the plot composition 
matches, as can be seen in the top left. There were only three saplings per plot so only one of those 
rectangles was used. 

2.2. Experimental setup 

Q. robur Q. petraea
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2.3. Measurements of powdery mildew and shading 

2.4. Measurements of growth characteristics 
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Analyze Particles

dplyr

2.5. Statistical analysis 

lme4 lmerTest
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Table 1: List of all growth characteristics (Y) used in the models

rms 
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Table 2 Mean values and standard deviations for the growth characteristics measured, the different PM 
scores and the degree of shading. Note that the units used here may differ from those used in the 
statistical models. Descriptions of the symbols can be found in Table 1. 
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Fig. 2 Scores for total sapling BM in function of PM affected leaf area and degree of shading in both sites. 
The lines shown are model predictions based on the full model results in table 2, assuming all other 
parameters to be equal to 0.
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Q. robur 
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Q. petraea Q. robur 
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Q. petraea Q. robur

Q. petraea
Q. robur

sensu stricto
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Fig. A.2 Linear regression between Total Leaf Area as determined after harvest in September 2015 and 
estimated crown size as estimated by the sum of shoot weights used during monitoring for PM. Adjusted 
R² was 0.78 for Zedelgem and 0.69 for Gedinne. 
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Fig. A.3 Allometric relationships between diameter and dry biomass, respectively total (TBM), 
aboveground (W) and belowground (R), in 2016. Adjusted R² values for Zedelgem were 0.82, 0.83 and 
0.72 respectively. For Gedinne, they were 0.74, 0.80 and 0.62 respectively. 
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Q. robur Q. petraea

Psyllobora 
vigintiduopunctata
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Q. petraea



126 
 

Picea abies
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Sonchus Trifolium Rubus

Quercus 
robur

Quercus

Quercus
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Q. petraea

Pteridium 
aquilinum
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Psyllobora rufosignata Coleoptera: Coccinellidae
Phakopsora euvitis Basidiomycota: Uredinales
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