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Pedunculate oak (Quercus robur) is widely distributed and one of the 
most valuable European hardwood tree species

This study investigates niche variation of Q. robur over its wide distribu-
tion range in Europe

1) We explore how niche occupation (realized niche) changes within the 
available environmental space along the northeast-southwest gradient

2) We compare niche width in the distribution center with the northern 
and southern range margins

- variables that influence species occurrence the most seem to be Conti-
nentality, Mean Coldest Month Temperature, Elevation, Max. temperature of 
warmest month and Soil Water Stress in August (Table 1); 
however, environmental factors shaping the distribution varied considerably 
within the species distribution range

- PCA-env and niche equivalency test for all pairwise comparisons showed 
that ecological niche of Q. robur significantly differs along the NE-SW gradi-
ent; central, northern and southern marginal stands occupy different parts 
of the available environmental space (Fig. 3)

- three groups of stands also differed significantly in terms of niche width for 
most environmental variables considered (Fig. 4 i 5). Smallest differences 
between the groups were observed for SHM and SWC8, which seem to 
constrain overall species distribution (Fig. 4 i 5)

- southern stands appear to have wider niche/tolerance for drought related 
variables, while northern stands for temperature related variables (Fig. 5)

- wide distribution of this species enables occupation of a variety of environ-
mental conditions to which different populations may be adapted
- identification of the environmental constrains of the present distribution of 
this keystone species is crucial for conservation and management actions in 
the light of ongoing climate change 

Objectives

Results and Discussion

Dataset: 239 881 occurrence points from various sources (Fig. 1)

Environmental variables: 16 environmental variables from WorldClim, 
ClimateEU and HWSD databases; selection based on their ecological 
relevance and depiction of extreme limiting conditions for trees (Table 1)

Methods: ecological niche modeling, PCA, PCA-env, ANOVA, ecological 
niche overlap test (Maxent, R Development Core Team)

Three groups of occurrence points delimited based on the resulting 
model, available species distribution maps from literature and species 
postglacial recolonization history: species distribution center, north and 
south range margin (Fig. 1) 

Materials and Methods

Figure 5. Box plots of the 10 most important environmental variables used to predict the distribution of 
Q. robur in Europe. Differences between central, north and south marginal stands are significant for all 
shown variables (ANOVA, P < 0.001 for all variables except for swc8 where P = 0.01). 
Upper panel: temperature related variables, lower panel: drought related variables, DEM - elevation

Figure 1. Q. robur distribution map

Figure 3. (a-c) PCA-env represent the niche of the species in available environmental space along the first two 
PCA axes. Grey shading shows the grid cell density of the three groups of occurrences, solid and dashed lines 
are 100% and 50% of the available environment. d) The contribution of the climatic variables to the two PCA 
axes and percentage of explained variation. e) PCA plot f) Niche equivalency test shows observed niche overlap 
D (Schoener’s metric) between the tested species ranges (red bar) and simulated niche overlaps (grey bars) on 
which the test is calculated using 100 iterations. The significance of the tests is shown (**P = 0.01).
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Fig. 4 Examples of species density along the four variables is shown for the northern (blue) central 
(green) and southern (red) part of the species distribution range. Available climate is shown in grey. 

Equivalency test North-Center

Equivalency test South-Center

Equivalency test North-South

D = 0.073

D = 0.001

D = 0.055

**

**

**

PC1 = 56.66 % PC2 = 18.96%
PC1 = 51.9 %

P
C

2 
= 

19
.9

6 
%

D
en

si
ty

 o
f 

oc
cu

re
n

ce

D
en

si
ty

 o
f 

oc
cu

re
n

ce

MCMC
Bio 5

SWC8SHM
Figure 2. Q. robur habitat suitability model - shading from yel-

low (unsuitable) to dark blue (maximum habitat suitability)
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Variable Variable description Percent 
contribution

TD
MCMT
DEM
BIO 5
SWC8
CMD
DD5
HWSD
SHM
AI
Tmax_sm
PPT_sp
PAS
eudist
Eref
MSP

Continentality (°C)
Mean coldest month temperature (°C)
Digital elevation model (elevation/m)
Max Temperature of Warmest Month
Soil Water Stress in August
Hargreaves climatic moisture deficit
Growing degree-days (days above 5°C)
Harmonized World Soil type (category)
Summer Heat:Moisture index
Global Aridity Index
Summer mean max temperature (°C)
Spring precipitation (mm) 
Precipitation as snow (mm)
Euclidean distance to large rivers (m)
Hargreaves reference evaporation
Mean summer precipitation (mm)

29.1
19.6
10.4
9.1
9.1
5.2
3.9
2.9
2.5
2.1
2

1.1
0.9
0.8
0.7
0.6

Table 1. Environmental variables 

a) b) c)

d) e)

f)

North points
Center points
South points
All species points
Available environment


