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Seminar structure 

• Global biodiversity patterns:  

                                    and why mountains matter 

• What mountains mean to biodiversity 

• Regional biodiversity patterns 

• Climate change and biodiversity on mountains 

• The role of mountains in biodiversity 

maintenance 

 



Global biodiversity patterns 



Global biodiversity and Mountains 

 



Global biodiversity and Mountains 

 



 



 



Finer scale biodiversity patterns 

Chinese floral diversity 

 



2-What mountains mean to 

biodiversity 



Altitudinal diversity gradients 

• -Different groups may show positive, negative  

or humped relationships between diversity and 

elevation. 

• Community structure is less well known, but 

generally simplifies at higher elevations 



• Support approximately 25% of terrestrial 
biological diversity (vs 15% land area)  

 

• Half global biodiversity hotspots are concentrated 
in mountains. 

 

• High endemism and specialism in fauna 

 

• Upto100,000 species of flowering plants (out of a 
global total of 260,000) 

What do mountains mean to 

biodiversity? 



• Mountain forests harbor “rare” species (e.g. in 

Peru 30% of the 272 species of endemic 

mammals, birds and frogs are in cloud forest) 

 

• The Andes, (like many mountain ranges) are a 

global biodiversity hotspot (i.e. 7x more 

bryophyte species than Amazon basin) 

What do mountains mean to 

biodiversity? 



What do mountains mean to 

biodiversity? 

• Often the only intact habitat left in the face of 

global change is on mountains 

 

• However mountain species are often, narrow 

ranged, specialists and poor dispersers 

 

• Mountains also have an important role under 

climatic change 

 



Synthesis-Parts 1-2 

Global biodiversity patterns and 

mountains 

  
• Global biodiversity has the greatest rates of 

turnover and endemism on mountains 

• Many global biodiversity hotspots are in 

mountainous regions 

• This is especially true for small-ranged species 

• The conservation of mountain fauna is critical  



3-Regional biodiversity patterns 



The Mechanics of Species Distribution Modeling 

Variable Percent contribution 
Permutation 

importance 

alt 73 51.8 

bio_13 13.2 13.2 

soil_ph 4 0 

veg 3.2 0.9 

bio_12 2.2 17.6 

trop_karstd 1.9 0 

bio_1 1.5 6.8 

bio_14 0.8 8.5 

karst 0.1 0.8 

asp 0.1 0.1 

bio_15 0 0.3 

pet 0 0 

bio_4 0 0 

rivers 0 0 

bio_5 0 0 

bio_6 0 0 

coasts 0 0 

arid 0 0 

bio_3 0 0 

Variable Percent contribution 
Permutation 

importance 

alt 73 51.8 

bio_13 13.2 13.2 

soil_ph 4 0 

veg 3.2 0.9 

bio_12 2.2 17.6 

trop_karstd 1.9 0 

bio_1 1.5 6.8 

bio_14 0.8 8.5 

karst 0.1 0.8 

asp 0.1 0.1 

bio_15 0 0.3 

Variable Percent contribution 
Permutation 

importance 

alt 73 51.8 

bio_13 13.2 13.2 

soil_ph 4 0 

veg 3.2 0.9 

bio_12 2.2 17.6 

trop_karstd 1.9 0 

bio_1 1.5 6.8 

bio_14 0.8 8.5 

karst 0.1 0.8 

asp 0.1 0.1 

bio_15 0 0.3 

Gentiana algida 

* Bio 13: Maximum monthly 

precipitation Gentiana algida 

-4800 plant species 



Biodiversity 

 

7500 species 

All species 



Biodiversity 

 

 species 

Mammals 



Biodiversity 

 

 species 

Birds 



 

Biodiversity 
Amphibians 

 



 

Biodiversity 
Insects 



 

Biodiversity 
Plants 



Patterns of diversity 



Correlates of species richness 

Biotic  R  Best r
2
  F  Factor-1  Factor-2  Factor-3  Factor-4  Factor-5  

SR  0.66 0.44 43077350 Latitude  P season  ANPRE  T season  BY NPP 

StD  

GR  0.73 0.54 522384 Latitude  P season  Mean Pre  BY NPP 

StD  

NPP  

FR  0.79 0.62 750044 Latitude  Elevation  P season  BY NPP 

StD  

Karst D  

Thermal stability-between and within years: seasonality matters! 



Correlates of species richness 

1-Elevation,2-Within year NPP STD, 3-Annual mean precipitation, 4-Coast Distance, 5-Humidity,  
6-Karst Distance, 7-Latitude, 8-LGM Tmean, 9-LGM Tmin, 10-Temperature Seasonality, 11- 
Between year NPP STD, 12-Precipitation Seasonality, 13-PET, 14-NPP. 

* * 



 



Mt. Gede-Java 

• Species niches reflect the environment-and this 

varies with altitude 

Why mountains matter 

Körner, C., Paulsen, J., & Spehn, E. M. (2011). A definition of mountains and their 

bioclimatic belts for global comparisons of biodiversity data. Alpine Botany,121(2), 73-78. 

Thermal stability and microclimate varies 

between each site: species adapt to habitat 



Synthesis 3-Local biodiversity in 

mountains 

• Though exact relationships vary, mountains 

represent biological refuges 

• Trends in biodiversity relate to the varying 

conditions with increasing elevation 

• Turnover of habitat influences the whole 

community 

• Thermal stability is also an issue in these 

systems 



4-Climate change and 

biodiversity on mountains 



The velocity of climate change 

• Elevation VS latitude: 

•      an example….. 

Ailanthus altissima 

 7-8 degrees Co 

 

Projected warming in 2080 A2A 



 

Real species niches 
Gentinia algida & aristata 



 

Real species niches 
Gentinia algida & aristata 

Present “0” Present “0” 

Future “0” 

Thresholds which matter: Freezing point 



 

Real species niches 

Gentinia aristata 

Gentinia algida & aristata 

2080 A2A 



 

Real species niches 

Gentinia aristata 

Gentinia algida 



The impacts of climate change on 

mountain biodiversity 

Studies show: 
•  Alpine high mountain flora will lose 44 to 50% of current 

distribution range 

• 9.2% of mammals in an area projected unable to keep pace 

• up to 39% of mammals overall will be unable to track climate 

change. 

• Change in treeline locations of 65-80m upslope within 30 years (Kelly 

and Goulden, 2008; Moiseev  &Shiyatov , 2003) 

• Projected losses of 50-80% of montane vertebrates (McCain & Colwall, 2008) 



The future? 

 



Projected species loss 

37 
Elevation 



The effect of climatic and vegetation changes 

The present had a smaller area with diversity from between 10 and 30 (P<0.001).  
A2 (2050 veg) had a greater than expected area with 10 to 20 species. 
 B2 had a smaller area showing 10 to 20 species. 38 

Hughes, A, Satasook, A, Bates, PJJ, Bumrungsri, S & Jones, G. ‘The projected effects of climatic and vegetation changes on the distribution and diversity of Southeast 

Asian bats’, Global Change Biology, 18(6), (pp. 1854-1865), 2012 

https://www.bris.ac.uk/iris/publications/details/publication_key$JHKJIHoMKCorWhLHrVV7KSTo5HSt36/viewPublication
https://www.bris.ac.uk/iris/publications/details/publication_key$JHKJIHoMKCorWhLHrVV7KSTo5HSt36/viewPublication


Projected species loss 

2000 
39 

Elevation 





Year: 2000 

713 species 

360 species 174 species 

1247 species 41 





     2050 A1B                        2050 B1A                       2080 A1B                      2080 B1A 
43 

Change 

Loss 
Overall diversity 



Change in total area 
showing different 

responses to future 
scenarios 



Change in habitat area future 
scenarios 



Keeping up with climate change 

• Adapt or shift? 

• Past glaciations show species shift under climate change 

• What is needed 

-This varies depending on local velocity- plant velocities in 
unfragmented habitats without interactions with other 
species will be in the range of 1.7–1500 m year 

 

• What is recorded 

-6.1 km Latitude and 6.1 m elevation per decade, or less 

• Prognosis 

-Increased extinction rates (over 80% projected in some areas) 

 



Keeping up with climate change 

Likely losers  Likely winners 

Large territorial animals  Small mobile organisms 

Late successional plant species  

(K-strategists) 

Ruderal plant species  

(r-strategists) 

Species with small/restricted 

populations 

Widespread species with large 

populations 

Species confined to summits/ 

plains 

Mid-slope species 



Shifting distributions 

Eonycteris spelaea under the A2 2050 scenario 

Some regions which may be 
dependant on  species for 
ecosystem services may loose 
the species. 
 
New areas which become 
suitable may be inaccessible 

48 



 

Habitat resistance 

and permeability 

Hoolock hoolock 



Shifting distributions 

Eonycteris spelaea under the A2 2050 scenario 

Some regions which may be 
dependant on  species for 
ecosystem services may loose 
the species. 
 
New areas which become 
suitable may be inaccessible 

50 



Communities and complexities 

 • Novel communities:  

How can we predict function and process? 

• Resource asynchrony-temporal components: 

Species may rely on seasonal abundances 

• Species interactions: dependencies vs competition 

Changes in dominance and loss of mutualists, 

dispersers, etc 

• Ecological networks 

Complex interactions and changes in ecosystem 

function 



Other issues 

• Vulnerability to invasion 

Weedy species may disperse better and spread 

faster, thus prevent adaptive range shift 

• Fragmentation 

Species may be unable to move through 

increasingly fragmented habitats 



Synthesis-Mountains and climate 

change 

• Complex systems = Complex problems! 

• Lag between movement of biome vs climate is 

a major issue 

• Only adaptable generalists may be able to 

respond effectively 

• Few species move at the rate required 

latitudinally-altitude is the only effective 

response 

 



5-The role of mountains in 

biodiversity maintenance 



Modeling the effects of change 

• Latitude-altitude transects 

Infer the rate of shift of species and 

communities at different altitudes and 

latitudes 

Use this to calibrate models and 

determine realistic rates of shift 

Where long-term data exists we can 

use this as an additional gauge 

We can then build dynamic models, 

and develop more effective means to 

allow species to respond to climate 

change 



• Climate refugia-topography thermally buffers 
some regions 

 

• Key biodiversity regions 

 

• Relative impact assessment 

 

• Prioritize regions and mitigate as appropriate 

 

• Assess rates of change 

Modeling the effects of change 



Mitigation and adaptation 

• Climate change is happening! 

• How can we facilitate adaptive responses to 

climate change? 

• Species need to shift North…….. 

                          … increase landscape connectivity! 

• Assess the permeability of the landscape, and 

connect accordingly 

• Resistance of the landscape- where can we 

connect? 



Protection 

• Protection of mountain areas is uneven & 
insufficient, with 63% (125) of countries, 57% (4) 
of realms, 67% (8) of biomes, 61% (437) of 
ecoregions and 53% of Global 200 priority 
ecoregions falling short of the CBD 2020 target 
(Rodríguez-Rodríguez, et al., 2008).  

 

• 39% of Important Bird Areas and 45% Alliance 
for Zero Extinction sites in mountain areas remain 
entirely unprotected. 



Protection and the future 

• Using models we can project habitat suitability 

and use mountain data to assess ability to shift 

• This can be used to connect and prioritize 

accordingly 

• However biome shifts and tree longevity are slow 

relative to climate: so climate refugia are 

particularly important 

• Mountains offer the best chance of survival for 

many species in a changing world-as shifts maybe 

possible, and habitat is more often intact 



 
Thank you! 

Questions? 

Mt. Gede-summit 


