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➢ Development of Conservation Biogeography
• Historic biogeography (Darwin, Wallace, von Humbolt)
• Environmental and Ecological biogeography (MacArthur and Wilson)
• Conservation Biogeography (Whittaker, et al.  Willis, DnD 2005)

➢ Data bases, GBIF, EVA, Splot, grassplot, birdwatch, etc
➢ Temporal data on processes

➢ Shortfalls (Linnean, Wallace)

➢ Conservation Biogeography: Species-Area relationship
➢ Why are islands and mountains so rich in diversity?
➢ Why do islands and mountains have a high risk of extinction?

➢ Migration and species pool

➢ Elevation gradients: Mimicry of the planet: Endemics, richness, climate
➢ Mid elevation: high richness, rescue sites, Safe corridors 

➢ Land use change, barriers and anthropogenic infrastructure
➢ Facilitate migration Dynamic conservation vs ‘tin-can-conservation’

➢ Corridors 

Storyline 

of my 

talk



History of Biogeography

> species richness increased with the 
increase in explored area 



Histrory of Biogeography



Wallace and Wegner 
understood Evolution



E.O. Wilson (1988)

Environmental and Ecological Biogeography



MaCarthur and Wilson Island biogeography model



Standing on the shoulders of giants
What did they have in common?

The capability to view large spatial scale data and pattern and 
to interpret and speculate on long-term eco-evolutionary 
processes



What do we have:  data bases on spatial data 
• 1. Accumulated knowledge

• 2. Large data basis on species on a large spatial scale 

•  Long temporal scale is coming after, e.g. NEOTOMA
• Data mining

•  GBIF http://www.gbif.org or

• Splot: database on  – global vegetation plot 

• European Vegetation Archive database https://euroveg.org/eva-database/

• DRYFLOR, http://www.dryflor.info/ 

• world checklists (http://www.theplant‐ list.org/), 

• protected area databases (https:// www.protectedplanet.net/c/world-database-on-
protected-areas).

• Medis: Mediterranean island databases 
https://metadatacatalogue.lifewatch.euhttps://metadatacatalogue.lifewatch.eu/s

Hortal et al. 2015. Seven Shortfalls that Beset Large-Scale Knowledge of Biodiversity. Ecol & 
Evolution
-Diniz-Filho  et al….Hortal, 2023, Frontier of Biogeography

http://www.protectedplanet.net/c/world-database-on-protected-areas
http://www.protectedplanet.net/c/world-database-on-protected-areas


3. We have an urgent biodiversity crisis

Constrained ability to think and analyse on long temporal scales
Big Challenge to explore the long temporal and spatial dimensions
 
 What kind of data is needed:
Data that can help to interpret and predict  temporal change on short 
and long-temporal scales
 
Conservation biogeography is an attempt to facilitate such analyses
To prevent biodiversity loss and facilitate species survival



Robert J. Whittaker, Miguel B. Araújo, Paul 
Jepson, Richard J. Ladle, James E. M. Watson and 

Katherine J. Willis: 
Diversity and Distributions 2005; 11:3-23

Conservation 
Biogeography

The Conservation Biogeography subfield of 
conservation biology is delimited as: 
the application of biogeographical principles, 
theories, and analyses of:

 I) Distributional dynamics on Species and 
assemblages, 

II) To solve problems concerning the 
conservation of biodiversity



Textbook in Conservation 
Biogeography (2011)



MaCarthur and Wilson Island biogeography model

Distance to the nearest 
species pool determines 
isolation and thereby 
immigration and richness
 both for endemics and total 
Species richness 
On Island and skyislands



Island biogeography model; 
The equilibrium assumption has been  challenged
Still the model is central in Conservation Biography

Gilbert, F.S. 1980 The Equilibrium Theory of 
Island Biogeography: Fact or Fiction?, 
Journal of Biogeography, 7: 209-235

Matthews;  Triantis
2021



SAR: how many species increase pr unit 
are NOT the same as how many species 
are lost with less area

Can not extrapolate the other way, i.e. 

decreasing area, but see

Fattorini et al. 2023, Using the SAR to 

predict extinction resulting from habitat 

loss, chp. 14 in SAR – book Mathews et al.

Species–area relationships always 
overestimate extinction rates from 
habitat loss, He & Hubbell 2011
Fangliang He1,2 & Stephen P. Hubbell3,4



SAR dependent on scale
 and degree of beta diversity

Main conclusions
Slopes of the ISAR and SAC for the same data set can 
vary substantially, revealing their non-equivalence, with 
implications for applications of species–area curve 
parameters in conservation science.

Island species–area relationships 
and species accumulation curves
 are not equivalent: an analysis of habitat island datasets
Thomas J. Matthew  2016, GEB.

The fits of the power model (nonlinear) to 
the island species–area relationship (ISAR) 
data (solid circles; the solid line is the model 
fit)

The randomized species accumulation 
curve (Ran-SAC) data  the dashed line is 
the model fit)

https://onlinelibrary.wiley.com/authored-by/Matthews/Thomas+J.


Whittaker R.             Fernandez-Palacios, J.M  and Matthews, T.



Why are island biodiversity hot spot
When they are species poor

• Geographic Isolation causes allopatric speciation processes 

• Many islands in tropical and subtropical favourable climate

• Biodiversity hot spot because of incredible many endemics

   of single islands or  archipelagos

• 20 % of the world's biodiversity is found on islands 

• Endemics specialists versus generalists

• The long-term survival of specialists may be jeopardized when introduced 
species become invasive

• Introduced and invasive species and endemic species: 

   core topics in Conservation biogeography



Science 2017.



Temporal scale:
 What select for secondary woodiness

Earlier hypothesis
Lack of herbivores 
No seasonal change
No lean season 
If there is one eruption every century 
Small islands 2 million years= 20.000 eruptions 
Thus,  a plausible selection pressure for plants

Beierkuhnlein et al. 2023, 

Postulate that volcanic ash selects for woodiness 
through an increased ability to avoid burial of plant 
organs by ash, and to re-emerge above the new land 
surface



Major world centres 
of endemism 
experiencing high 
rates of habitat loss  

30% of these hot 
spots are island 
archipelagos or 
contain island 
archipelagos, e.g. 
Mediterranean basin.



Extinction and 
isolation

• 50 % of all endangered species 
(red listed) live on islands

• 75 % of all recoded extinctions

• 85 %  of these extinction on 
islands are linked to invasive 
species





Reasons for extinction 
• Volcano

• Landslides

• Sea level rise and sink

• Subsidence

• Hurricanes

• Intrinsic population

• Close to minimum viable population number

• Fonder effect, i.e. low genetic diversity

• Few enemies, but then came the humas and altered the ecosystem 
(Sandra Nogue and Manuel Steinbauer, science paper)





Data to be 
collected and 
EU-directives 

to be 
implemented

80 % of EU biodiversity on the island belongs to EU states, 
ought to be committed to implementing the habitat & water directives!!!!.



Endemism worldwide (hotspots)
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Temperature &  Moisture availability

Mountains as mimicry of the global 
zonation in latitude = many habitats short spatial distance 



High proportion of  biodiversity in mountain ranges

Mountain regions and adjacent lowland foothills host roughly 87% of terrestrial
 global biodiversity despite constituting only 25% of the world’s land area
Rahbek et al. 2019a, Science





Long-term variation in glacial and interglacial climate the 
last 2.5 years facilitated speciation and extinction = 
many neo-endemic species

Rahbek et al. 2019, Science    



Glacier and fragmentation 

. 
Stebbins (1984) argues that large-scale glacier dynamics may facilitate hybridization between previously isolated 
populations, followed by either polyploidy or introgression at the diploid level, which may generate new species 
adapted to the conditions following ice retreat. 

Vetaas & Grytnes (2002): 
Many endemic species may have originated in a 
landscape fragmented by glacial advances and 
retreats. 
The glacier arms that covered the valley 
bottoms below the ELA must have acted as 
dispersal barriers, which enhanced the physical 
barriers created by the mountains providing a 
mechanism for increased isolation.



Richness

Endemic

 

Narrow range,
 



ratio endem/total     monotonic increase

Nepal                           Himalaya

Vetaas & Grytnes 2003

Hotspots have many endemism: mountains 

Same elevations maximum biodiversity or not? 

Endemic plants peaks at ca 4000 masl



Steinbauer et al 2016 , 
GEB

Four exceptions 



Artemesia norwegica; endemic to Norway
climate and biotic interaction

https://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2zLP3qfjVAhWCYZoKHRFfAuwQjRwIBw&url=https://grind.no/en/node/1003&psig=AFQjCNGiQ1N5Q7_3bgNlXJ0lKKho3jEieQ&ust=1503951191458539
https://no.wikipedia.org/wiki/Fil:Artemisia_norvegica.jpg


Global biological information facilities: GBIF

Artemisia norvegica Fr. 

Wrongly identified,
 another Artemisia
 species



Credit 

Optimum

Debit

Mountain top Extinction: Artemisia norvegica, Fr. 
Norway

JONDALDOVRE

Freeman et al. 2018, PENAS on birds, Steinbauer et al. 2018, Nature, on plants
Rehm &  Feeley 2016, Frontiers of Biogeography, on plants 
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Temperature-elevation gradients are superior  in situ experimental sites
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Mid-elevation habitats as refugia or rescue places 

Cool –climate: Glaciers may expand 
 Climate warming dry–arid shrubs may 
expand from the lowland ! 

Flantua et al. 2019



MAXIMUM  AVAILABLE

       LIQUID WATER

Low  ENERGY  High
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O’Brien 2006: WED: Water-Energy-Dynamics



O’Brien, K. Field, R. and Whittaker R. 

 Water energy dynamics (WED).

 “No water no life”

Safe to be at the middle elevation range 

Grytnes & Vetaas 2002, GEB
Vetaas et al. J. Biogeog. 2019
Bhatta et al. 2021 Frontiers of Biogeography

The dominant pattern in large mountain 
ranges e.g. Andes,  Himalayas 

WED – model of diversity









Connectivity
Safe Corridor Climate Change migration
Less infrastructure barriers as possible



Lawrence, Friedrich & Beierkuhnlein, 2021, 

https://doi.org/10.1371/journal.pone.0258615



UNIVERSITETET I BERGEN

PA in climate and land 

use change scenario



A spectrum of sparing vs sharing

Sparing, e.g. China Sharing, 

Nepal 

Fischer et al. 2008 Frontiers in Ecology and the Environment

Sparing + Sharing 

e.g. India 



Land sparing vs Land sharing

Agroforestry: a refuge for tropical biodiversity?
Bhagwat, et al. 2008, TREE



12.04.2024
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More connectivity

local connectivity



UN commissioned MEA concluded that

• Long-term ecological data is critical in order to develop 
policies and conservation strategies to cope with 
current climate and future land use changes

Hal Mooney

Must build an understanding of biological processes in 
management and planning.

Conservation planners need to deal with the dynamic 
processes of species and their ability to migrate in 
the landscape 

Facilitate migration and connectivity rather than just 
freeze certain nature types, “tin-can-conservation”

Georgina Mace



Landscape

History:

barriers
Palaeoecology

Ecology
Island

 Biogeography

Conservation 

BioGeography



Summary conclusion
• Long-term speciation depends on isolation on islands and mountain summits

• These endemic-rich locations are very vulnerable to extinction caused by climate change 
and land use changes

• Data on temporal changes

• More skills in interpreting temporal processes from spatial changes 

• More analyses on connectivity between habitat islands and protected areas.

Facilitate Dynamic process-based conservation vs ‘tin-can-conservation’
Follow up Bologna June: European Congress of Conservation biology

12.04.2024
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Thank you for 
your 
attention
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