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Why is the regional distribution of the Pedunculate Oak so aggregated in space? Is the pattern dictated by local
environmental conditions or by the dispersal ability of the species?

Introduction

Experimental approach

 The distribution of organisms in relation to environmental factors
can be modelled with habitat models.
 These models rely on the assumption that the spatial distribution
of an organism corresponds to the distribution of suitable habitats.
 The assumption of a perfect match between the distribution of
suitable habitat and the distribution of the organism is often
problematic, as the realized distribution of an organism is also
affected by its relative dispersal ability.

 To examine whether the current distribution of oak is in equilibrium
with the distribution of habitats suitable for this species, I combined
the experimental planting of oak in different habitats with habitat
modelling (Fig. 1).
 Hypothesis:
If the distribution of oak and the distribution of suitable habitats
differ, the distribution of oak is not limited by environmental factors,
but rather by the low dispersal ability of this species.

Fig. 1. The experimental design. On the island of Wattkast
(5 km2), there are more than 1800 naturally occurring oak
trees with a strongly aggregated distribution. In the summer
of 2004, 104 oak saplings were planted in different parts of
the island. In September 2009, I studied the survival of
planted trees in relation to local environmental conditions.
For each tree, I measured a total of 12 variables describing
local biotic and abiotic conditions around the tree, and the
location of the tree in relation to natural oak stands. To also
examine the current distribution of naturally occurring oaks
in relation to environmental conditions, I created an additional habitat model, and assessed the ability of this
model to correctly predict the current distribution of oak.
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Key findings
 In general, planted oaks survived well in all parts of the model area (Fig. 2).
 Oak survived in a variety of habitats (Fig. 3), and also outside natural oak stands (Fig. 2).
 Model predictions regarding the occurrence of oak, as based on local environmental conditions alone, were unreliable (Fig. 4).
Observed
absences
Observed
presences
Predicted
prob. of
occurence

100 %

n=15

n=33

n=28

n=3

B
100 %

80 %

80 %

60 %

60 %

40 %

40 %

20 %

20 %

0%

0%
0

1

2

3

Openness of habitat

n=1

n=24

C

n=50

Alive (n = 84)
Dead (n = 14)
Not found (n = 6)

1

True positive rate

A

0,8
0,6
0,4
0,2
0

0

1

2

Level of browsing

0

0,2

0,4

0,6

0,8

1

False positive rate

Fig. 4. Generalized linear model of the occurrence of natural oak trees in the model area. The occurrence of oak
was significantly affected by the openness of the habitat (χ2 = 7.35, df = 1, p = 0.007) (A) and the level of
browsing by herbivores (χ2 = 4.29, df = 1, p = 0.038) (B). However, the effects captured by the model are
biologically counter-intuitive, since the incidence of the species decreases with openness and increases with
browsing. In general, model-predicted probabilities of oak occurrence are low, due to the generally low incidence
of the species in the landscape. C. The performance of the habitat model was estimated with a receiver
operating characteristic (ROC) curve. The area under the curve (AUC) is equal to the probability that a classifier
will rank a randomly chosen positive instance (presence) higher than a randomly chosen negative one (absence).
Thus, the bigger the AUC, the better the performance of a classifier. AUC for the habitat model is relatively low
(0.75, SE = 0.06). In conclusion, the habitat model did not correctly predict the current distribution of oak in the
model area.
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Fig. 2. Planted oaks survived well: five years after plantation, 84 (86 %) of the 98 trees
relocated in the field were alive, and only 14 (14 %) had died. The survival of a tree was not
detectably affected by its location in relation to natural oak stands (generalized linear model:
χ2 = 0.08, df = 79, p = 0.78).
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 The current distribution of oak does not accurately reflect the
distribution of suitable habitats.
 Combined with the poor predictive ability of the habitat model, this
implies that local environmental conditions do not limit the current
distribution of oak.
 A more likely limiting factor is the relative dispersal ability of oak as
compared to the frequency of local disturbances in the landscape.
 The experimental design used in this study may slightly overestimate
the availability of habitats suitable for oak, since the planted oaks
had already passed the critical seedling state.
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Fig. 3. Generalized linear model of the survival of planted oaks. Out of the 12 environmental
factors measured, only light conditions had a detectable effect on survival of oak (χ2 = 33.0,
df = 1, p < 0.001). Otherwise, the oak seems flexible in relation to local environmental
conditions. The modelled effect of the openness of the canopy on the survival of oak is
presented in the picture. Observation points are slightly jittered in a vertical direction to show
individual observations; real values are either 0 (dead) or 1 (alive).

