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OBJECTIVES
Here we simulate potential range shift of 176 plants to assess range collapse and 
extinction in a Mediterranean hotspot.
We aim to answer two questions:  
• What are the plant range-collapse and extinction patterns we should expect? 
• What species' geographic distribution features are useful to predict extinction?

METHODS
We designed a Stochastic Dynamic Species Distribution Model with the following components (see Fig. 2):
• Habitat Suitability Maps, to represent suitability change over time.
• Stochastic Generator of Dispersal Distances, based on the species dispersal traits.
• Cellular Automaton, to simulate migration based on dispersal distances and habitat suitability values.
We performed both a dispersal and a no-dispersal simulation (20,000 runs each one, 10,000 for each warming scenario), 
and plotted the percentage of species reaching a critical range collapse (CRC; 10% of the initial presence area) or 
extinction (EXT: Fig. 3). We applied beta-regression to assess the influence of temperature over range collapse (Fig. 4), and 
used conditional inference trees to evaluate the influence of species' distributions characteristics (mean and elevation range, 
number of patches, initial area, average dispersal distance) over the extinction probability (Fig. 5).

TO TAKE AWAY
• 6% (A2) and 15% (B2) species went extinct, while 33 (A2) and 51% (B2) faced CRC. 
• 12% (A2) and 19%  (B2) species escaped critical range decline by migration, but only 1% escaped extinction.
• Critical range decline rised at 33ºC (summer temperature), while extinction rised at 37ºC.
• Species with a low elevation range inhabiting high elevations showed the higher extinction probability.
• To simulate migration provides a more realistic estimation of range collapse under climate change.

Fig. 2: Flowchart

Fig. 3: Percentage of extinct species (upper panel) 
and critical range decline (lower panel) according the 
dispersal and no-dispersal simulations.

Fig. 5: Influence of summer 
temperature on the proportion 
of species facing EXT and CRC.

Fig. 4: Species' distribution characteristics and range 
collapse. Elev_mean and elev_range - elevation of the 
the populations; d_mode - mode of dispersal distances.

DATA
Species distribution: high quality presence data on the distribution of 176 species 
converted to 50m raster cells (see Fig. 1).
Dispersal traits: we compiled dispersal syndrome, dispersal kernel, average and 
maximum dispersal distances for each target species. 
Predictive variables: we used the ASTER GDEM, climatic records (1971-2001) and 
climate simulations (2010-2100, SRES scenarios A2 and B2) to build topographic 
and climatic maps (spatio-temporal resolution: 50m and 10 years).

Species
Habitat
Dispersal syndrome
Dispersal distance*
Presence patches
Elevation mean
Elevation range
Prob. range collapse A2**
Prob. range collapse B2**

Viola crassiuscula
high mountains
boleochory
50
72
2945
846
EXT 1.00
EXT 1.00

Juniperus sabina
mountains
ornitochory
400
53
1960
715
EXT 1.00
CRC 0.17

Stipa tenacissima
semi-arid
pterometeorochory
50
4324
702
1815
CRC 1.00
CRC 0.00

Pinus sylvestris n.
mountains
pterometeorochory
100
38
1950
969
EXT 1.00
EXT 0.40

Vella pseudocytisus
semi-arid
boleochory
50
42
959
295
CPD 0.97
CPD 0.17

Anthyllis cytisoides
semi-arid
ballistic
50
737
671
1540
CPD 1.00
CPD 0.00

Quercus pyrenaica
mountain
ornithochory
100
421
1406
2944
CRC 0.13
CRC 0.13
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* Mode of distances used in the 
simulation

** EXT - extinction
** CRC - critical range collapse

Fig. 1: Study area

SOME SPECIFIC RESULTS




