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Basics of evolution

What are the forces shaping the evolution of
organisms:?

" mutation: new random variants

= selection: heterogeneous degrees of success

" migration: mixing with neighboring populations

= drift: randomness takes its toll
Evolution shapes the distribution of genotypes
Genotype = set of alleles carried at different loci
Genotype x Environment = Phenotype
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Population genetics formalism (p + g = 1)

Mutation Pt = (1 —HUa )pt + lua—>Aqt
Selection pt+1 — WApt / 7%
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Basics of evolution

Mutation [ Selection / Migration / Drift

What else?

* Homogamy vs. panmixia (mating system)
= Dominance

* Recombination

» Epistasis (on selection)

» Plasticity (environmental dependence)

* Epigenetic effects



Basics of evolution

Conditions for the evolution of traits
= Differential success
» Standing variance of trait values

» Heritability of trait values



Variation. Members of
the population vary in
the traits they display

Inheritance. Offspring
tend to resemble their
parents

Differential reproductive success. Brighter
beetles are bitter and predators learn to
avoid them. Bright beetles are more likely
to survive—and thus more likely to
reproduce—than are duller-colored beetles
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The result: Evolution by natural selection. The proportions of C>>
the different variants in the beetle population change over time e o

Evolution, 1/e Figure 3.2

© 2012 W. W. Norton & Company, Inc. Bergstrom & Dugatkin, “Evolution”
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Defining adaptation

Natural
selection
Evolution

Adaptation

Optimization

outcome




Defining adaptation

History-based definitions

— Features built by natural selection for their current
role (Gould & Vrba)

— A derived character that evolved in response to a
specific selective agent (Harvey & Pagel)

— Biological machinery or process shaped by natural
selection to help solve one or more problems faced by
the organism (Williams & Nesse)

— A'is an adaptation for task T in population P iff A
became prevalent in P because there was selection
for A, where the selective advantage of A was due to
the fact that A helped performed task T (Sober)



Defining adaptation

History-based definitions

— Features built by natural selection for their current
role (Gould & Vrba)

became prevalent in P because there was selection
for A, where the selective advantage of A was due to
the fact that A helped performed task T (Sober)



Defining adaptation

Nonhistorical definitions

— A feature of the organism which interacts
operationally with some factor of its environment so
that the individual survives and reproduces (Bock)

— Greater ecological-physiological efficiency than is
achieved by other members of the populations (Mayr)

— An aspect of the developmental pattern which
facilitates the survival and/or reproduction of its
carrier in a certain succession of environments
(Dobzhansky)

— A strategy that has the highest per capita growth
given the conditions (Mitchell & Valone)
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Defining adaptation
A synthesis of definitions (Reeve & Sherman)
A phenotypic variant that results in the highest

fitness among a specified set of variants in a given
environment



Defining adaptation

A synthesis of definitions (Reeve & Sherman)

A phenotypic variant that results in the highest
fitness among a specified set of variants in a given
environment

v’ “optimization” in some sense

v among available variants (contingent on history)

v' conditional on environmental state



Defining adaptation
A synthesis of definitions (Reeve & Sherman)
A phenotypic variant that results in the

among a specified set of variants in a given
environment
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The concept(s) of fitness

The simplest: growth = fitness

dN

T r(N)N Nt+1 — A(Nt )Nt

dat _ | C
Growth rate Reproductive ratio

Problem: what if all genotypes grow or decline
together?

= distinguish absolute from relative growth rate
=>may depend on context [ density / frequency



The concept(s) of fitness

The simple: selection = fitness

(;—l: — F(N)N N,,, = /I(Nt )Nt

d :
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Relative growth rate
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The concept(s) of fitness
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The concept(s) of fitness

What for?

frequency

@ 1. invasibility

2. persistence
3. —fixati
4.—coexistence—

time

Same problem: what happens with rare genotypes?



The concept(s) of fitness

The simple: selection = fitness when rare

f,-—>o+,

(r(N)-T)

Invasion fitness
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The complex: unstable absence = fitness



The concept(s) of fitness

The complex: unstable absence = fitness

(r(N)-T)

f—0"



The concept(s) of fitness

The complex: unstable absence = fitness
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The complex: unstable absence = fitness




The concept(s) of fitness

The complex: unstable absence = fitness

df
dt

firo
Jacobian matrix

More generally:

define invasion fitness as the leading eigenvalue
of the Jacobian in the absence of the focal type



The concept(s) of fitness

Even more generally:

define invasion fitness as any criterion that
qualifies whether the leading eigenvalue of the
Jacobian in the absence of the focal type has
negative real part

More than one fitness criterion might exist!
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Fitness in different guises

Population genetics fitness

With selection only Piy = —7= ) Pi




Fitness in different guises

Population genetics fitness
Divergent selection in habitats x and y
Life cycle: Reproduction, regulation, total migration
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Model = soft selection (Levene 1953)



Fitness in different guises

Population genetics fitness
Divergent selection in habitats x and y
Life cycle: Reproduction, total migration, regulation

qxwix T qywiy
qw,Tqw,

Model = hard selection (Dempster 1955; Ravigné et
al. 2004)

=



Fitness in different guises

Population genetics fitness
Divergent selection + environmental variability
Use matrices for reproduction, migration, ... events

A =max _,Ll S Sp{R.E.S.D}: Levene’s model

A =max| e Sp{R.E.D.S}_ Ravigné’s model
A =max _,U = Sp{E,D,S}] Dempster’s model

Massol 2013



Fitness in different guises

Stage-structured populations Brian Charleswort
Evolution in
age-structured
populations

Second
edition
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Fitness in different guises

Stage-structured populations
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Fitness in different guises

Stage-structured populations

N.., =(F+G)N,
i o
Fecundity + Survival/change in stage

/Sofo +(1_q1 )51 Sof1 Sofz Sof3\
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Fitness in different guises

Stage-structured populations
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Fecundity + Survival/change in stage
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Fitness in different guises

Stage-structured populations

N.., =(F+G)N,
i o
Fecundity + Survival/change in stage

Formula for fithess

(# maximal eigenvalue)

F=ef' L
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Fitness in different guises

Stage-structured populations

N.., =(F+G)N,
i o
Fecundity + Survival/change in stage

Formula for fithess

(# maximal eigenvalue) Time passed in each stage

ﬁ

Feef w =+ fT.(I—G)_1 e

e, =(1,0,0,0) °

H

f=s, (fo,ﬁ,fz,fB) Stage-wise fecundity
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Stage-structured populations
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Stage-structured populations
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Fitness in different guises

Stage-structured populations
N.., =(F+G)N,
F+G-A1=(1-G)| (1-G) ' (F~(2—1n)1|
A eSp[F+G]<=1esp| (1-G) " (F-(4-1))|

max{Sp[(l _ G)_1 (F —(A- 1)')}} is a strictly decreasing

function of A



Fitness in different guises

Stage-structured populations

N.., =(F+G)N,
F+G—Al= (I—G)[(l—(;)‘1 (F_(g_m)_q
A eSp[F+G]<=1esp| (1-G) " (F-(4-1))|
max(sp (1-)" (F- (-} £2e o

A>1eSp[F+G| < max{Sp[(I—G)_1 F]} > 1



Fitness in different guises

Stage-structured populations

A>1eSp[F+G| < max{Sp[(l—G)_1 F}} > 1

F=ef'

e, =(1,0,0,0)

f=s,(f,,f,f..f,)



Fitness in different guises

Stage-structured populations
A>1eSp[F+G| < max{Sp[(l—G)_1 F}} > 1
F=ef'
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Fitness in different guises

Stage-structured populations

F=ef'

e, =(1,0,0,0)

f =S, (fo;fﬂfz’fB)

0

w:fT.(I—G)_1.e

A demographic re-interpretation
Ln‘etlme offspring production

f'(1-G) 'e, —ZfTGe

k>0

Offsprmg produced at time k



Thank you for your attention!
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