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What do we need to know?

How does behavior evolve when each individual’s 
behavior affects the other’s payoffs?
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How can we take into account genetic 
relationships among individuals?

Relatedness

How does kinship affect the evolutionary 
consequences of behavior?

Inclusive fitness theory



What do we need to know?

How does behavior evolve when each individual’s 
behavior affects the other’s payoffs?

Game theory

How can we take into account genetic 
relationships among individuals?

Relatedness

How does kinship affect the evolutionary 
consequences of behavior?

Inclusive fitness theory



praja.in



Number of car drivers

Travel 
efficiency



Number of car drivers

Travel 
efficiency

Car

www.theguardian.com



Number of car drivers

Travel 
efficiency

Bus

Car

www.mylondonjournal.com

www.theguardian.com



Number of car drivers

Travel 
efficiency

Bus

Car

www.mylondonjournal.com

www.theguardian.com

Bus is betterCar is better



Number of car drivers

Travel 
efficiency

Bus

Car

www.mylondonjournal.com

www.theguardian.com

Equilibrium

Bus is betterCar is better



What is the currency?



w
w
w
.u
og
ue

lp
h.
ca

Game theory: utility

What is the currency?



What is the currency?
w
w
w
.u
og
ue

lp
h.
ca

Evolutionary game theory: fitnessGame theory: utility



What are we trying to find out?

What is the optimal strategy that maximizes an 
individual’s fitness, given that all other individuals 
are simultaneously maximizing their fitness?

Predict combinations of behaviors (and other traits) 
shown by interacting organisms, as a result of natural 
selection



Evolutionarily stable strategies

An ESS cannot be invaded by 
any of a specified set of 
alternative mutant strategies

i.e. highest fitness payoff when 
playing against itself

www.lifesci.sussex.ac.uk

John Maynard Smith
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When E(D,D) > E(H,D)

i.e., never!

When is Dove an ESS? When is Hawk an ESS?

When E(H,H) > E(D,H)

i.e., 
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At equilibrium, average payoffs for each 
strategy are equal

∗ E(H,H) + ( ∗) E(H,D) ∗ E(D,H) + ( ∗) E(D,D)

∗ ∗ ∗ ∗

∗

Stable equilibrium? Negatively frequency dependent
Change parameter values: http://ess.nbb.cornell.edu/

Average payoff for Hawk Average payoff for Dove



What do we need to know?

How does behavior evolve when each individual’s 
behavior affects the other’s payoffs?

Game theory

How can we take into account genetic 
relationships among individuals?

Relatedness

How does kinship affect the evolutionary 
consequences of behavior?

Inclusive fitness theory



Relatedness

The coefficient of genetic relatedness ( ) is the 
probability that an allele in player 1 will also be 
present in player 2 via common descent

Hamilton (1964) J Theor. Biol.
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What is the probability that two 
trufulo toad sisters share an allele 
that is identical by descent?

In trufulo toads, males are diploid and females are triploid. Males produce 
haploid sperm cells. Females produce two types of egg cells: diploid egg cells 
will develop into females after fertilization, and haploid egg cells will develop 
into males after fertilization. 

p(allele came from father) 
p(sisters got same allele from 
father) +
p(allele came from mother) 
p(sisters got same allele from 
mother)  
= (1/3)(1/2) + (2/3)(2/3) = 11/18

Relatedness in trufulo toads
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Inclusive fitness
An individual’s inclusive fitness (genetic contribution to the 
next generation) is comprised of two components:
1) Direct fitness (through descendent kin)
2) Indirect fitness (through collateral kin) 

Inclusive fitness of a behavior = ∑

= coefficient of relatedness to offspring of the th relative
= that relative’s offspring output if the behavior occurs

All else being equal, a behavior is expected to favored by 
natural selection if individuals that perform the behavior 
have greater inclusive fitness than those that do not

Hamilton (1964) J. Theor. Biol.
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Males display solitarily Males display together

Male 1 1 offspring 7 offspring

Male 2 1 offspring 0 offspring
The males are full brothers.

Inclusive fitness of Male 2 if he 
displays solitarily: 
(1/2) 1 + (1/4)	 1 = 3/4

Inclusive fitness of Male 2 if he 
displays with his brother: 
0 + (1/4)	 7 = 1 3/4

Cooperative display behavior is favored.

Male 2 can either display solitarily or display with Male 1, 
his brother. Which strategy is favored by natural selection?
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Son breeds independently Son helps father rear younger half‐sibs

Father 2 offspring 4 offspring

Son 2 offspring 0 offspring
The father is the son’s genetic father.

The son can either breed independently, or help his father 
raise half-sibs. Which strategy is favored evolutionarily?

Inclusive fitness of son if breeds: 
(1/2) 2 + (1/4)	 2 = 1 1/2

Inclusive fitness of son if helps: 
0 + (1/4)	 4 = 1

Cooperative breeding is not favored.

Inclusive 
fitness bonus 

problem


