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What determines a species’ range?

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



Limits of adaptation, species’ niche and range

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

Population density

“swamping gene flow”

(migrational meltdown) P

— stable range margin

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



Limits of adaptation, species’ niche and range

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.]

THE NATURE OF LIMITS TO NATURAL SELECTION'

JANIS ANTONOVICS-

ABSTRACT

Insufficient genetic variability and the swamping effects of gene flow are inadequate expla-
nations of limits to natural selection. Comparison of evolutionary responses in ditterent popu-
lations subjected to similar selective forces, comparison of rare and widespread species, and
comparison of marginal and central populations are all neglected research areas that bear on
the nature of limits to natural selection.




Genetic variance V- evolves with mutation, selection, dispersal and genetic drift.

T genetic variance V;

—> 1 standing (variance) load /T\

07 F :
—> 1 adaptability a—j = VGg—; . | lag load /\

genetic variance increases with dispersal

1 dispersal =— 1 neighbourhood size ./ —> | genetic drift

N ~ 4xNo? .. Wright (1943): “size of a single panmictic population that would
give the same probability of identity-by-descent in the previous generation”



Genetic variance V- evolves with mutation, selection, dispersal and genetic drift.

T genetic variance V;

—> 1 standing (variance) load /T\

07 F :
—> 1 adaptability a—j = VGg—; . | lag load /\

genetic variance increases with dispersal

1 dispersal = 1 neighbourhood size ./ — | genetic drift

N ~ 4xNo* .. number of individuals within one generation’s dispersal range



Population density

Space

Evolution > Ecology

<< ° Adaptaﬁgn ® Population dynamics

e Evolution of genetic variance

e Genetic drift



® Species’ range limits: model outline
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® Species’ range limits: model outline
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® Species’ range limits: model outline
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Eco <> Evo coupling

Population dynamics and evolution are coupled via mean fithess r g =1-p

both trait meanZ = )’ a;p; and genetic variance Vg~ ) al.zpiql- evolve

_ standing (variance) load

Coupling: o
F = (1= N/K) = (z = 0)°/(2V5) - Ve/(2Vs)

~

~ stabilising selection V_around moving optimum 0 = bx — k¢t



® Evolution: population genetic model
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Eco <> Evo coupling

Population dynamics and evolution are coupled via mean fithess r

both trait meanZ = )’ a;p; and genetic variance V5~ ) al.zpiqi evolve
via change in allele frequencies p; due to dispersal, selection, mutation and stochasticity

Evolution:

Opi _ o2 (Pp; |, O%p; ap; dIn(N) | 8p; dIn(N

5%:7(8;; | Byg)+02(8€< gi) | 8[; s ))+p’q’(9p,
_:U’(pl - ql) \/ % We(xaya t)

Ecology:

N =2(GE+ZN)+TN+VN W,
Coupling:
r=rm(l—N/K)—(z—-0)%/(2Vs) — Vg/(2V;)



IBM

® Evolution of species’ range

Trait: transect
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® Evolution of species’ range in chang
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Evolution of species’ range in changing environments

Trait: transect
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T demographic cost
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Evolution of species’ range in changing environments

Trait: transect
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® Evolution of species’ range in changing environments

Trait: transect
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® Evolution of species’ range in changing environments

Trait: transect
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® Evolution of species’ range in changing environments

Trait: transect
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Evolution of species’ range in changing environments

= species’ ranges can fragment abruptly

due to eco < evo feedback
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® 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

bo
B = effective environmental gradient
° r*\/ ZVS
loss of fithess due to dispersal to a different environment ,/V
k .
k* = effective rate of temporal change

’ \/1"*3‘/5

e N = 4nNo? neighbourhood size

o S/T* strength of selection s = a?/ (2V))
relative to the rate of return to equilibrium population size

o U/r* scaled mutation rate r*—r, —V-/(2V)



Three dimensionless parameters
that matter for the equilibrium

bo
B = effective environmental gradient
° r*\/ ZVS
loss of fithess due to dispersal to a different environment ,/V
k .
k* = effective rate of temporal change

’ \/1"*3‘/5

e N = 4nNo? neighbourhood size

r*—r, — V:/(2V)



Two dimensionless parameters
in the absence of temporal change

bo
B = effective environmental gradient
° r*\/ 2VS
loss of fithess due to dispersal to a different environment /V

e N =47No* neighbourhood size

r*—r, —V-/(2V)



Expansion threshold with no temporal change

100 Rate of range collapse / expansion
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N2 Vs PLoS Biology



Expansion threshold with no temporal change

Species’ range expands if genetic drift 1/./ is weak relative to spatial gradient B

100 Rate of range collapse / expansion
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Expansion threshold with spatial gradient and temporal change

Range expansion
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Expansion threshold with spatial gradient and temporal change

Range expansion
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Expansion threshold with spatial gradient and temporal change

Range expansion
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Expansion threshold with spatial gradient and temporal change

Range expansion
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Expansion threshold with spatial gradient and temporal change

K

Range expansion Fragmentation
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Expansion threshold with spatial gradient and temporal change

Range expansion Genetic variance
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® Genetic variance is reduced by genetic drift ~ 1/

Spatial variability, no temporal change
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® Genetic variance Vg still scales with neighbourhood size ./ under temporal change

Spatial variability, fast temporal change
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FST

® Estimation of neighbourhood size ./

0.018 -

0.014 -

Fyr/(1 — Fgr)

0.002 -

-0.002 -

. VAT sites (p )

0.010 -

0.006 -

~ p(1-p)

In (distance) [m]

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



What is the effect of dispersal?

Range expansion
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What is the effect of dispersal?

Range expansion
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Summary

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

temporal change k* is too large for /', B

® Neighborhood size ./ is an important parameter for eco-evo dynamics

in spatially structured populations

® |[ncrease of local dispersal facilitates adaptation to environmental

change when genetic drift is strong

doi:10.1073/pnas.2604510123



Thank you for your attention!
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Hiring a PhD student! jitka@univie.ac.at
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