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A water vole connectivity love story... 
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Against a background of human activity…
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NBN Atlas informing water vole connectivity
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I need to know the 

suitable places 

where I can find 

another water vole

I need to know 

how to move 

between the 

suitable places

Species distribution models Circuit theory 



Species distribution models 

• SDM species distribution model;

• HSM habitat suitability model;

• ENM ecological niche model;

• RSF resource selection function



Species Distribution Models with R package “Biomod2” 
Author: Wilfried Thuiller    (100,722 citations) 

Laboratoire d'Ecologie Alpine, CNRS, Univ. Grenoble Alpes, France
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Predictor: BIO 1 Annual mean temperature Co

Predictor: BIO 12 Annual precipitation (mm)



Predictor: BIO 1 Annual mean temperature Co

Predictor: BIO 12 Annual precipitation (mm)

Water vole response

Water vole response



Predictor: Landcover and rivers



Predictor: Landcover and rivers Water vole response to rivers

Response to bog / grass / heather



From species distribution models ...    towards circuit theory ... 
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I feel resistant 

to moving 

through some 

areas 

How will I 

disperse to find 

connection? 
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Resistance is futile    useful 



McRae et al. 2008 

Using circuit theory to model connectivity in ecology, evolution and conservation     

(2,188 citations; 20,000+ downloads)

Circuitscape  

Circuit theory 

Random walk 
of animal 
dispersing 
through 
resistance 
surface 
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Calculate 



And so the water voles could find each other at last... 
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Vulnerable butterflies, birds, mammals & a reptile 

Curlew         Dipper          Marsh tit       Twite            Willow tit

Hazel  dormouse  Hedgehog       Leisler’s bat    Otter          Water vole                    

Chalk carpet moth   Dingy skipper    Northern brown argus   White letter hairstreak

Adder

Photos with thanks: British Trust for Ornithology, Butterfly 

Conservation, The Mammal Society, The People’s Trust for 

Endangered Species



Winner – Chalk carpet moth       Loser – Dipper 



Increasingly permeable landscape connectivity 



Application of landscape connectivity design

• Supporting favourable conservation status 

• Provide links between isolated areas

• Movement pathways, when routes blocked by 

building 

• Help climate-change range shifting butterflies 

• Protect riverine pinch points for otter, water 

vole, dipper

• Validating and mitigate roadkill locations

• Relocate water vole or hazel dormouse

• Create brushy habitat for willow and marsh tit

• Rescue adder “island populations”



Connectivity models ... helping animals find each other ... everywhere

Collaborators – 

please reach out to me carlos.bedson@naturalengland.org.uk

carlosbedson@outlook.com          X: @carlosbedson   
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