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Species’ range is determined by a narrow phase of conditions [its ecological niche]. 

[J. Grinnell (1917): The Niche-Relationships of the California Thrasher. The Auk, 34(4).]

Joseph Grinnell

What determines a species’ range?
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 stable range margin ?→

“swamping gene flow” ?

(migrational meltdown)? ?

  

[J.B.S. Haldane (1957): The relation between 
density regulation and natural selection.]

J.B.S. Haldane (and Aldous Huxley)

Limits of adaptation, species’ niche and range
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Insufficient genetic variability and the swamping effects of gene flow 
are inadequate explanations of limits to natural selection. 

[J. Antonovics (1976): The nature of limits to natural selection.]

Limits of adaptation, species’ niche and range
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genetic variance increases with dispersal   

 dispersal     neighbourhood size       genetic drift    

   .. Wright (1943): “size of a single panmictic population that 5 would 
give the same probability of identity-by-descent in the previous generation”

↑ ⟹ ↑ 𝒩 ⟹ ↓
𝒩 ∼ 4πNσ2

∂z
∂t = VG

∂r
∂z

Genetic variance  evolves with mutation, selection, dispersal and genetic drift.VG
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genetic variance increases with dispersal   

 dispersal     neighbourhood size       genetic drift    

   .. number of individuals within one generation’s dispersal range

↑ ⟹ ↑ 𝒩 ⟹ ↓
𝒩 ∼ 4πNσ2 2σ

𝒩

∂z
∂t = VG

∂r
∂z

Genetic variance  evolves with mutation, selection, dispersal and genetic drif.VG



Evolution                                           Ecology   ↔
• Adaptation  

• Evolution of genetic variance  

• Genetic drif

• Population dynamics
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• Species’ range limits: model outline
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Eco  Evo coupling↔

both trait mean  =   and genetic variance   evolve      
via change in allele frequencies  due to dispersal, selection and stochasticity

z ∑ αipi VG ≈ ∑ α2
i piqi

pi

Population dynamics and evolution are coupled via mean fitness  r qi = 1 − pi

standing (variance) load 

stabilising selection  around moving optimum   Vs θ = b x − k t



z =
loci

∑
i=1

αipi

• Evolution: population genetic model



Eco  Evo coupling↔
Population dynamics and evolution are coupled via mean fitness  r
both trait mean  =   and genetic variance   evolve      
via change in allele frequencies  due to dispersal, selection, mutation and stochasticity

z ∑ αipi VG ≈ ∑ α2
i piqi

pi



• Evolution of species’ range: IBM



• Evolution of species’ range in changing environments
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• Evolution of species’ range in changing environments
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• Evolution of species’ range in changing environments

➡ species’ ranges can fragment abruptly 

due to eco  evo feedback ↔



• Evolution of species’ range in changing environments

➡ species’ ranges can fragment abruptly 

due to eco  evo feedback (from IBM)↔

➡ dimensionless parameters 

(from SPDE formalization) 



Five dimensionless parameters 

•     effective environmental gradient                                              

loss of fi

•
   effective rate of temporal change

•       neighbourhood size

•                      strength of selection                                                                    
……………………relative to the rate of return to equilibrium population size

•                     scaled mutation rate                          

B =
bσ

r* 2VS

k* =
k

r*3VS

𝒩 

s/r* s ≡ α2/(2Vs)

μ/r* r* → rm − VG /(2Vs)

𝒩

2σ
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Two dimensionless parameters

•     effective environmental gradient                                              

loss of fi

•
   effective rate of temporal change

•       neighbourhood size

•                      strength of selection                                                                    
……………………relative to the rate of return to equilibrium population size

•                     scaled mutation rate                          

B =
bσ

r* 2VS

k* =
k

r*3VS

𝒩 

s/r* s ≡ α2/(2Vs)

μ/r* r* → rm − VG /(2Vs)

2σ

𝒩

in the absence of temporal change



Expansion threshold with no temporal change

-1 -0.1 -0.01 0 0.01 0.1 1

Rate of range collapse / expansion

0.01 0.02 0.05 0.1 0.2 0.5 1
0.1

0.2

0.5

1

2

5

10

20

50

100

Effective environmental gradient B =
b σ

r * 2Vs

N
ei
gh
bo
ur
ho
od

si
ze


=
4π

σ2
N
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collapse of adaptation

expansion threshold

range expansion
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Species’ range expands if genetic drift  is weak relative to spatial gradient B1/𝒩
Expansion threshold with no temporal change

Polechová (2018), 
PLoS Biology 

𝒩* ≈ 6.3 B + 0.56
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collapse of adaptation
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Expansion threshold with spatial gradient and temporal change

𝒩* ≈ 6.3 B + 0.56
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- - - Lande and Shannon (1996);                                  
Barton (2001); Polechová, Barton and Marion (2009) 

Expansion threshold with spatial gradient and temporal change
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Polechová (2026), PNAS 

Expansion threshold with spatial gradient and temporal change
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k*exp = 2B (1 − 8/𝒩) 1 − (6.3B + 0.56)/(𝒩(1 − 2B/( 2B + 2h2)) Polechová (2026), PNAS 

Expansion threshold with spatial gradient and temporal change

- - -  expansion threshold corrected for lag load, assuming reduction of genetic variance due to genetic drift 
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k*exp = 2B (1 − 8/𝒩) 1 − (6.3B + 0.56)/(𝒩(1 − 2B/( 2B + 2h2)) Polechová (2026), PNAS 
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- - -  expansion threshold corrected for demographic load and reduction of genetic variance due to genetic drift 

Polechová (2026), PNAS 

Expansion threshold with spatial gradient and temporal change
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Expansion threshold with spatial gradient and temporal change

- - -  expansion threshold corrected for lag load, assuming reduction of genetic variance due to genetic drift 
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•  Genetic variance is reduced by genetic drift ∼ 1/𝒩

𝒩 ∼ 4 π σ2 N

2σ

Polechová and Barton (2011); Polechová (2026)
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Polechová (2026)

•  Genetic variance VG still scales with neighbourhood size  under temporal change 𝒩



39

• Estimation of neighbourhood size   𝒩

ln (distance) [m]         
FST =

varsites (p)
p(1 − p)

slope = 1/𝒩

Rousset 1997, Vekemans and Hardy 2004, Watts et al. 2007

𝒩 ∼ 4 π σ2 N

2σ



What is the effect of dispersal? 
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The increase of neighborhood size  with dispersal  outweighs 

the increase in the effective environmental gradient  

𝒩 = 4πNσ2 2

B = bσ/(r* 2VS)

What is the effect of dispersal? 
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Summary

• Species’ range can fragment abruptly when the effective rate of 

temporal change  is too large for  

• Neighborhood size  is an important parameter for eco-evo dynamics 

in spatially structured populations 

• Increase of local dispersal facilitates adaptation to environmental 

change when genetic drift is strong

k* 𝒩, B

𝒩

doi:10.1073/pnas.2604510123
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Thank you for your attention!

Many thanks for discussions to: Nick Barton, Roger Butlin, Richard Nichols,  

Stuart Baird, Andrea Betancourt, Puneeth Deraje, Louise Fouqueau,  

Jan Hrček, Robert Holt, Patrik Nosil, Pavel Payne, Jason Sexton and many others.

Hiring a PhD student! jitka@univie.ac.at
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