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Outline 

•  Evidence of species extinctions 
 
•  Macroclimates and microclimates 
 
•  Evidence that habitat management might 

work 

•  Knowledge gaps 
 



Extinction risk: future 
projections 

“Approximately	
  20-­‐30%	
  of	
  plant	
  and	
  
animal	
  species	
  assessed	
  so	
  far	
  are	
  likely	
  
to	
  be	
  at	
  increased	
  risk	
  of	
  ex:nc:on	
  if	
  
increases	
  in	
  global	
  average	
  temperature	
  
exceed	
  1.5-­‐2.5°C.”	
  

“..on the basis of mid-range climate-
warming scenarios for 2050...15–37%  
of species... will be ‘committed to 
extinction’.” 



Observed extinctions 

•  Very few global extinctions   
 (but implicated in the extinction of at least 
five Anurans)1 

•  Is there a mismatch? 

•  Large number of population level 
extinctions:  

 e.g. 12% of Lizard populations in Mexico 
(4% Worldwide)2 

 
•  Numerous studies show species 

declines / range contractions 

	
  

1	
  IUCN	
  Red	
  List	
  (2011)	
  	
  
2	
  Sinervo	
  et	
  al.	
  (2010)	
  Science,	
  328:	
  894–899	
  



Validating predictions 

Maclean	
  &	
  Wilson	
  (2011)	
  PNAS,	
  108:	
  12337–12342	
  

  
Possible to convert range and population changes to 
extinction risk using IUCN Red List criteria 
 
Global meta-analysis of studies on observed and 
predicted range & population changes due to climate 
change 



Validating predictions 
Probability density of extinction risk 

Ex4nc4on	
  risk	
  by	
  2100	
  

Observed	
  mean:	
  14% 	
  	
  
Predicted	
  mean:10%	
  

Observed	
  responses	
  slightly	
  more	
  deleterious	
  than	
  
predicted	
  responses!	
  

Maclean	
  &	
  Wilson	
  (2011)	
  PNAS,	
  108:	
  12337–12342	
  



Validating predictions 
 

•  Future range size for different time periods? 
•  Current range size x documented range changes (all expressed as 

frequencies) 

•  Future extinction risk?  
•  Convert from range size using IUCN Criteria and if > 0.5, then 

assumed to go extinct 



	
  
Observa4ons	
  and	
  
predic4ons	
  show	
  similar	
  
taxonomic	
  paWerns:	
  
	
  

•  Animals	
  par4cularly	
  
at	
  risk	
  

	
  
	
  

•  Plants	
  less	
  at	
  risk	
  



Relative threats 

Ex4nc4on	
  risk	
  by	
  2100	
  

Percentage	
  of	
  terrestrial	
  studies	
  	
  
focusing	
  on:	
  
Temperature	
  alone:	
  68%	
  
Water	
  availability:	
   	
  	
  2%	
  	
  
	
  

Mean	
  ex2nc2on	
  risk:	
  
Temperature:	
  12% 	
  	
  
Water	
  availability:	
  26%	
  

Probability density of extinction risk 

•  Water availability greater threat 
than temperature  



Summary 

•  Numerous species predicted to go extinct 
 

•  Predictions backed-up by observed 
responses 

 
•  Vertebrates (particularly Anurans) more 

threatened than plants 

•  Water a greater threat than temperature 
 



Microclimatic variation 

Temperature at 15 cm in grassland on two opposing slopes 
(Hampshire,  9-12th Sep 09) 

•  Temperature differences: 
local fine-scale comparable 
to national coarse-scale 

	
  
	
  
	
  
	
  

e.g.	
  Bennie	
  et	
  al.	
  (2006)	
  J.	
  Ecol	
  94:	
  355-­‐368	
  
	
  	
  	
  	
  	
  	
  	
  	
  Bennie	
  et	
  al.	
  (2009)	
  Ecol.Mod.	
  216:	
  47-­‐59.	
  
	
  	
  	
  	
  	
  	
  	
  	
  SuggiW	
  et	
  al.	
  (2011)	
  Oikos,	
  120:	
  1-­‐8.	
  	
  



Microclimatic variation 

Locations vary from 
permanently wet to 
permanently dry at fine-
scales 
	
  
	
   Maclean	
  et	
  al.	
  (2012)	
  Ecological	
  Modelling	
  

Number	
  of	
  days	
  with	
  surface	
  water	
  per	
  year	
  



Microclimatic manipulation by 
habitat management? 

•  Does habitat management influence 
microclimate? 

 
•  Are species macroclimatic associations 

reflected at a microclimate level? 

•  Can species persist in manipulated 
microclimates? 

	
  
	
  
	
  



Does habitat management 
influence microclimates? 

Ground-­‐level	
  spring	
  temperatures	
  over	
  11	
  days	
  in	
  May	
  2010	
  in	
  short	
  
(5cm)	
  and	
  long	
  (20	
  cm)	
  grazed	
  grassland	
  



Does habitat management 
influence microclimates? 

Soil	
  moisture	
  frac4on	
  over	
  8	
  days	
  in	
  May	
  2010	
  in	
  short	
  (5cm)	
  and	
  long	
  
(20	
  cm)	
  grazed	
  grassland	
  



Does habitat management 
influence microclimates? 

Maclean	
  et	
  al.	
  (in	
  press)	
  Ecological	
  Modelling	
  



Are macroclimatic associations reflected 
at a microclimate level? 

Cool	
  /Wet	
  	
  	
  	
  	
  	
  	
  	
  	
  Microclimate	
  	
  	
  	
  	
  	
  	
  	
  	
  Warm/Dry	
  

30	
  year	
  changes	
  in	
  grassland	
  plant	
  communi4es	
   •  Con4nental	
  species	
  associated	
  
with	
  warm/dry	
  microclimates	
  

•  Boreal	
  species	
  associated	
  with	
  
	
  cool	
  /wet	
  	
  microclimates	
  



Can species persist in manipulated 
microclimates? 

Cool	
  /Wet	
  	
  	
  	
  	
  	
  	
  	
  	
  Habitat	
  	
  	
  	
  	
  	
  	
  	
  Warm/Dry	
  

30	
  year	
  changes	
  in	
  grassland	
  plant	
  communi4es	
  
•  Reduced	
  grazing	
  could	
  

(probably?)	
  offset	
  effects	
  of	
  
climate	
  change	
  



Summary 
•  Fine-scale microclimate variation over 

short (<< 1km2) distances ≈ national 
differences measured at coarse-scale 

 

•  Habitat structure and manipulation excerpt 
strong influences on microclimates 

•  Water availability of key importance 
 
•  Some suggestion that species could find 

refuge from climate change in cool/damp 
microclimates 

 



Knowledge gaps 

•  Does reduced grazing results in 
increased competition? 

•  How does being confined to small 
pockets affect persistence? 

•  More work on ecological effects of 
changes in water availability 

•  More work on non-plant species) 
 

•  Assessment of trade-offs between 
increased heterogeneity and patch 
size 
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