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What is a mountain ?



What is a mountain ?
What defines a 
mountain?

- Slope

- Latitude

- Mostly agricultural

- Local perception

- Mostly rural

- Seasonal  presence of snow
https://expertvagabond.com/scottish-highlands/



?





What makes mountains 
specially interesting for us?



Climate compression

https://www.alpandino.org/

Compression of 
climatic zones over 
short distances 
otherwise separated 
by thousands of 
kilometers of latitude



Rahbek et al 2019

A tropical mountain may contain all the climatic zones of a single hemisphere.



Topography

The windward side of 
a mountain has more 
precipitation than the 
leeward (sheltered) 
side

https://www.slideshare.net/ljeffreys/



Rugosity

https://mapscaping.com



High environmental diversity



A system



A social-ecological system



A “service provider”

http://www.ehu.eus/
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Climate change in Catalonia

The Third Catalan Report of 
Climate Change
http://cads.gencat.cat/ca/detalls/de
tallarticle/Tercer-informe-sobre-el-c
anvi-climatic-a-Catalunya-00003
 

http://cads.gencat.cat/ca/detalls/detallarticle/Tercer-informe-sobre-el-canvi-climatic-a-Catalunya-00003
http://cads.gencat.cat/ca/detalls/detallarticle/Tercer-informe-sobre-el-canvi-climatic-a-Catalunya-00003
http://cads.gencat.cat/ca/detalls/detallarticle/Tercer-informe-sobre-el-canvi-climatic-a-Catalunya-00003


Climate change in Catalonia



Water 

The water towers

Water uses:

● Agriculture

● Biodiversity

● Energy

● Forestry

● Households

● Industry

● Navigation

● Tourism



Mountains biodiversity

Mountain regions are home to more than 85% of the world’s species of amphibians, birds, and mammals, many 
entirely restricted to mountains.



Biodiversity

Rahbek et al 2019



Rahbek et al 2019



Responses to global  change



Kidane et al 2019

Dead end for endemic plant species? A biodiversity hotspot under pressure



Climate change impacts 
on endemic, high-
elevation lichens in a 
biodiversity hotspot

Allen and Lendemer 2016



Liang 2018



Báez et al 2016

Temperature
Plant growth rates

Altitudinal shift

Population densities

Range size

Altitudinal distribution

Global Climate Change
Extinction rates

Altitudinal distribution

Population densities Extinction

Lower precipitation Extinction Population densities

Glacier reduction
Changes in abundance

Extinction

Regional diversity Extinction

Higher altitudinal distrib.
Altitudinal distrib. (birds)

Extinction

Seedling abundance Extinction

Species richness (birds)

Stressor Increase Decrease No response



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees

Soil organic matter decomposition

Decomposition rate

Stabilization factor



Wildlife in the Changing Andorran Pyrenees

Soil microbial activity

http://www.teatime4science.org/



Wildlife in the Changing Andorran Pyrenees

Soil microbial activity
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Wildlife in the Changing Andorran Pyrenees

Black pine growth

time
1

time
2



Wildlife in the Changing Andorran Pyrenees

Black pine growth



Wildlife in the Changing Andorran Pyrenees

Black pine growth

And now what ??And now what ??

→ which factors can explain this difference?



Wildlife in the Changing Andorran Pyrenees

Black pine growth

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Factor 6

?



Wildlife in the Changing Andorran Pyrenees

Black pine growth - competition

5 m



Wildlife in the Changing Andorran Pyrenees

Black pine growth

Competition   vs.   Elevation>>



Wildlife in the Changing Andorran Pyrenees

Passerine birds



Wildlife in the Changing Andorran Pyrenees

Passerine birds – Nest boxes



Wildlife in the Changing Andorran Pyrenees

Passerine birds – Captures



Wildlife in the Changing Andorran Pyrenees

Passerine birds – Captures → Demography

N

Survey 1

Capt. 1

N

Survey 2

Recapt.

Capt. 2
=

Capt. 1 * Capt. 2 
N

Recapt.
=

15 * 17 
N

4
= 63.75=



Wildlife in the Changing Andorran Pyrenees

Small mammals



Wildlife in the Changing Andorran Pyrenees

Large mammals

C4 C5

C3

C2

C1

200 m



Wildlife in the Changing Andorran Pyrenees

Time 1 Time 2 Time 3 Time 4 … Time 2

Cam 1 1 1 0 1 … 0

Cam 2 0 0 0 0 … 1

Cam 3 1 0 1 0 … 0

… … … … … … …

Cam 60 0 0 1 1 … 0

Species “X” has been present in “Cam 1 site” 75% of the times

seen

?



Wildlife in the Changing Andorran Pyrenees

Large mammals



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees



Wildlife in the Changing Andorran Pyrenees

Insect biodiversity (and bird’s diet!)

+ ?



Wildlife in the Changing Andorran Pyrenees

Insect biodiversity (and bird’s diet!)

Similar richness (number of species), but...

...very different composition!!!



Beyond Wildlife



Study Area



lamira.cat wikiloc.com

lamolin
a.cat

wikipedi
a.org

Study Area



Data analysis

Missing data assessment: data 
imputation, estimation and forecasting• Hydrological

• Climatic

• Remote-sensing 
(environ.l)

• Socioeconomic
Data averaged to the scale of the Alt 
Urgell and Cerdanya when possible

Data (2000-2020)
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flow  +          +  

mean T     -   +      

min T   +  -         

max T    + -         

precipitation + + + + -         

NDVI    + -   +      

ET -             

snow cover -  -     +    +  

supply concessions - -            

agriculture 
concessions - -            

total population - -    + + +  + - +  

 

Path Analysis



e.g. Model 10Reading a path diagram

β1 β2 β3

β4 β5

Path Analysis





Water management in the Catalan Pyrenees
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