
Ecology and conservation at + 4oC 
 

Chris Thomas 
 
 

University of York 
chris.thomas@york.ac.uk 

 



after Lisiecki & Raymo (2005)  



The end of “Natural” 
 
 
 

Change takes place even in 
“natural” and “protected” 

environments 



   
  Conservation under climate change  

– the end of trying to recreate the past  
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1970 - 2000 
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Comma butterfly 
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Maps from NBN gateway 

1970 - 2010 
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Comma butterfly 
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Latitude: 
16.9 km per decade  

Meta-analysis of median observed range shifts 
 

Altitude: 
11.0 m per decade  

I-C. Chen et al. (2011) Science 





Queensland 
 
65 endemic species 

What happens next? 

S. Williams et al., Proc Roy Soc. B, 2003 



+ 1 deg. 

46% 

+ 3.5 deg. 

0% 

Lemuroid Ringtail Possum 

Present 

S. Williams et al. 



 

 

Temperature Increase 
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S-curve fit: 
adj. r2 = 0.997 
       p = 0.001 
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Climate change and Bird Extinctions: New World 

Sekercioglu CH et al. (2008)  Conservation Biology 
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Ball park at +4oC : 
 

•  25% to 50% of species with no overlap 
between existing range and the type of 
climate they appear to need (especially 
high in centres of endemism) 

•  About half of these with no other 
suitable climate within the same region 



Thomas, TREE (2011) 

Thomas, New Scientist (2011) 



Mapped indices of climate change risk for end of 21st-
century climates 

Williams J W et al. PNAS 2007;104:5738-5742 ©2007 by National Academy of Sciences 

<1/100,000 <1/100 <1/1,000,000 

“once in a million” year becomes the norm in red/dark areas 

(3.4oC) (1.8oC) 



New biological 
assemblages: 
Walther et al.  
Nature (2002) 

Cinnamomum  
glanduliferum 

Native species 

Introduced  
species 

Trachycarpus 
fortunei 

Ilex aquifolium 



Probability of exceeding critical levels of change 
between 1961–1990 and 2071–2100 for three 

levels of global warming. 

Scholze M et al. PNAS 2006;103:13116-13120 
©2006 by National Academy of Sciences 

colours are shown only for 
grid cells with <75% 
cultivated and managed 
areas 
 

<2oC >3oC 2-3oC 

forest  
→open 

open→forest 

ecosystem change 
between forest types and 
between non-forest types 
not shown  
 
desert remaining desert is 
clear 
 



Conservation strategies 
Broad strategy 

•  in situ  (reserves, 
protection, etc. in 
existing range) 

•  ex situ (zoos, botanic 
gardens, gene/seed 
banks ) 

•  trans situ (moved to 
new locations) 

Recent       Future 

primary     increased 
       (more, bigger,  

       better, heterogeneous, 
       engineered) 

 

secondary     increased 
       (gene banks, 
        for trans situ) 

 

trivial      increased 
       (joined up, moved) 



Conclusions: at + 4oC 
1.  The status quo (or reverting to the past) is not tenable 
2.  Our current philosophy of “natural” and “native” are blown 

out of the water 
3.  Ecosystems and biological communities fundamentally 

changed – but we still like them! 
4.  A major programme of establishing “refugia” is in place 
5.  Conservation strategies for perhaps a third of species 

involves moving them around the planet  
6.  Mega-wildlife parks and countries (e.g., Britain) focus on 

receiving biological refugees 
7.  Mass transfer and major engineering solutions are 

underway to prevent ecosystem collapses 
8.  We are reviled as the generation that failed to act 



I need  


