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Frequency-dependent selection

Fitness: Relative measure of payoffs (reproductive
success).

Frequency-dependent fitness: Payoff for
phenotype ‘X’ depends on the freq(X) in a
population.

Negative frequency-dependence:
-common phenotypes are penalized, rare
phenotypes are rewarded




Example 1

Reference

Rainey, P. & Travisano, M.
1998 Adaptive radiation in a
heterogeneous environment.
Nature 394, 69-72.
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Invasion Experiment X, Y

Fithess Fitness = In (X'/X)
: In (Y'/Y)
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Evolutionary Stable State
(ESSt)

[Evolutionary Stable Strategy
(ESS) - J. Maynard Smith]
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Spencer, C. C., Bertrand, M., Travisano, M. & Doebeli, M. (in press) Adaptive diversification in genes regulating resource use in
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Frequency dependence maintains diversity in
experimental systems.

Invasion experiment — Ability of a phenotype to
increase in freq. when rare.

ESSt. - Evolutionary stable state (~mixed ESS).

Trade-offs are important:

-the ability to efficiently use one resource (GLU)
comes at the expense of efficiently using the other
(ACE).
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Evolution

1. Populations change over time.
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Evolution — Adaptive Landscape

1. Populations change over time.
Adaptation (populations - environment.)
“Hill climbing”

2. Populations splitting to create
new populations (speciation)
“Valley crossing”

Fithess

Y — =
(ACE efficiency)

(GLU efficiency)



Evolution — Adaptive Landscape

How does diversity arise? (speciation?)

the adaptive landscape?

Fithess

(GLU efficiency) (ACE efficiency)



Evolution
Assumption: adaptive landscapes are static.

What if they’re not?

...and what mechanisms generate dynamic
adaptive landscapes?



Frequency dependence
“Adaptive dynamics”

Evolution (speciation) across a dynamic landscape

Reference
Dieckmann, U. & Doebeli, M. 1999 On the origin of
species by sympatric speciation. Nature 400, 354-7.
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1. Geospiza magnirostris, 2. Geospiza fortis.
3. Geospiza parvula. 4. Certhidea olivasea.
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Fithess
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Summary

1. Directional selection (under-utilized resources)
2.
3. Note that the “adaptive landscape” is dynamic

Disruptive selection (strong competition)

— fitness depends on the population
composition.

. At the “evolutionary branching point,” the

population splits into two (c.<cy )

Dieckmann, U. & Doebeli, M. 1999 On the origin of

species by sympatric speciation. Nature 400, 354-7.
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Summary

Evolution to the branching point — support for
Adaptive Dynamics (frequency dependence
drives diversification).

Re-branching? Yes, from one type but not the
other.
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Take home messages

Processes that maintain and generate divesity in
nature can be informed by study of microcosms
in the lab.

The importance frequency dependence in
maintaining and generating diversity.

Effective management of diversity in the natural
world requires an appreciation for frequency
dependence.
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