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Questions regarding potential invaders 

•  Can an invader establish itself in a new environment? 
•  Will the invading species spread and, if so, at what 

speed? 
•  What is the effect of the invading species on 

communities it encounters? 



Muskrat invasion of Europe 

Skellam (1955) 



Fisher’s model (1937) 
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Spread with Fisher’s model (1937) 
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Definition of spread rate for Fisher’s model 
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Travelling wave 
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Linear determinacy 



Spread rate of linear equations 



Spread rate of linear equations 



Conditions for linear determinacy 
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Spread of Oak in North America 
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Reid’s Paradox 

The oak, to gain its present most northerly position in north Britain 
after being driven out by the cold probably had to travel fully six 
hundred miles and this, without external aid, would take something 
like a million years (Reid, 1899).  



Skellam’s Analysis (1951)  

Using                    , what average dispersal distance                         
must seeds disperse to explain the spread of 1000 km in 
300 generations of oak trees? 

 

rDc 2*=

€ 

σ = 0.83 km.  Reid’s Paradox! 
€ 

σ,  (σ 2 = 4D)



Accelerating Invasions 

•  Rapid spread through rare-long distance dispersal events 
appears to be widespread with weeds and other invaders 

•  We believe that this is the case for scentless chamomile 
•  Williamson (2005) found that 36 out of 70 data sets for 

weeds showed evidence of accelerating invasions. 
   



Dispersal kernels can come directly from data 



Modelling long-distance dispersal 



Integrodifference model 

un+1(x) = k(x − y) f un y( )( )
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At the leading edge un+1(x) ≈ λ k(x − y)un y( )
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Ansatz un+1(x) =α exp(−s(x − nc)) yields a dispersion relation between wave speed c
and steepness s
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Integrodifference model 



Spread with the integrodifference model 



Numerical solutions of integrodifference model 

Kot, Lewis 
and van den 
Driessche 
(1996) 



A resolution to Reid’s paradox 
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