
Lecture 4



Another game…the Prisoner’s 
dilemma

•The scenario:

–2 prisoners questioned separately by the police 
about a crime

–They each must decide whether 

•to cooperate with one another by saying nothing to the 
police or

•to defect on one another by blaming the other prisoner 



Payoffs in the Prisoner’s dilemma

•If they both say nothing
–Each gets 2 years in jail

•If they both blame the other
–Each gets 4 years in jail

•If only one defects, but the other cooperates
–Cooperator gets 5 years in jail, the defector goes free

•Define payoffs as the time NOT spent in jail out of the 
maximum 5 years



Game theory

Prisoner’s Dilemma:
– if other cooperates:

•cooperate and receive payoff 
of 3 unit

•defect and receive payoff of 
5 units

– if other defects:

•cooperate and receive payoff 
of 0 unit

•defect and receive payoff of 
1 units

Player 1

Player 2

Cooperate Defect

Cooperate

3

3

5

0

Defect

0

5

1

1



Game theory

•Prisoner’s Dilemma:

–highest global payoff 
(average payoff to 
both) if both cooperate
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Game theory

•Prisoner’s Dilemma:

–but, if player 2 is likely 
to cooperate, player 1 
should defect
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Game theory

•Prisoner’s Dilemma:

–if player 1 is likely to 
defect, player 2 should 
defect
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Game theory

•Prisoner’s Dilemma:

–the only Nash 
equilibrium solution is 
to always defect

–lower payoff 

–no individual can 
improve its payoff by 
switching unilaterally 
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–The solution which maximizes the average payoff 
may not be the Nash or evolutionarily stable 
equilibrium!



Iterated Prisoner’s Dilemma

•PD is repeated with probability b

•Examine three strategies

–Always defect

–Always cooperate

–Tit-for-tat (start by cooperating, then play 
whatever your partner played last round)

= reciprocity
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Side-blotched lizards (Uta stansburiana)

•3 male mating tactics:
–orange-throats defend large 

territories and many females

–blue-throats sneak onto large 
territories

–yellow-throats defend a single 
female



Lizards play a ‘rock-paper-scissors’ game

orange > blue

blue > yellow

yellow > orange

In a simplified version, the Nash equilibrium 
(where all fitnesses are equal) is to play each 
with probability 1/3

But, a Nash equilibrium is not always 
stable...



A simplified rock-paper scissors game

ύέ=
1

2
ὴέ+ 1ὴὦ+ 0ὴώ 

ύὦ= 0ὴέ+
1

2
ὴὦ+ 1ὴώ 

ύώ= 1ὴέ+ 0ὴὦ+
1

2
ὴώ 

orange > blue
blue > yellow

yellow > orange

Resource value = 1
Winner gets all

Probability of winning against same type = 0.5
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•Eigenvalues of the Jacobian matrix of the system

–System is not hyperbolic

•We can do some more analysis (which we aren’t 
going to do here) to show that the fixed point is a 
center
–All trajectories are closed orbits around the fixed point
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Side-blotched lizards (Uta stansburiana)

•3 male mating tactics:
–orange-throats defend large 

territories and many females

–blue-throats sneak onto large 
territories

–yellow-throats defend a single 
female
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Ideal Free Distribution

•Where should an animal forage, given that it is 
in competition with other foragers?

•Note that foragers do not meet up as pairs 
and play a game

•The payoff structure to this (and similar) 
problems is similar to evolutionary games we 
have seen





•1,…,n patches, with the Qi = rate of resource input into 
patch i

Q1 > Q2 > … > Qn

•Resources are consumed instantaneously upon entering 
patch and are divided equally among di foragers/unit area 
in that patch.  Assuming patches are of equal areas,

di = piN

•pi is the proportion of all foragers that occupy patch i



•Fitness in this model is proportional to lifetime 
energetic intake

•Rate of net energy intake is:

•Where f is a constant relating energy 
consumed to useable energy and m is 
metabolic cost

ὩὭ=  
ὗὭ
ὨὭ
Ὢ ά 



•Fitness is lifetime energy intake (minus some 
growth cost, g), which is allocated to offspring 
which each cost o

ύὭ=
ὩὭὰὭ Ὣ

έ
 



What if we add predators

•Lifespan is assumed to depend on mortality 
rate in the patch, μ

ὰὭ=  
1

‘Ὥ
 



What if we add predators?

•Let the per capita mortality rate of prey be 
described by the density of predators Di and 
some ‘riskiness’ of the patch Ri

‘Ὥ= ὙὭὈὭ 

ὈὭ= ὖὭὔ 



What if we add predators?

•Let the per capita prey capture rate of 
predators be described by the density of prey 
di and ‘riskiness’ of the patch Ri

—Ὥ= ὙὭὨὭ 

 



•Lifetime fitness for predators is described by the 
following:

•Where F is conversion constant, M is metabolic 
costs, G is growth costs and O is offspring costs

•Assume constant expected lifespan, L

ὡὭ=
ὒὭ—ὭὊ ὓ Ὃ

ὕ
 



•Fixed points to the system:
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•If m = 0, fixed points to the system:

ὴὭ=
ὙὭ
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•Prey distribution determined only by relative 
riskiness

•Predator distribution determined only by the 
distribution of the ǇǊŜȅΩǎ resource!



•Is this stable in the 2 patch case?  

–Let the number of patches = 2 and m = 0

ὴ1 = ὴ, ὴ2 = 1 ὴ 

ὴᶻ=
Ὑ2

Ὑ1 + Ὑ2
 

ὖ1 = ὖ, ὖ2 = 1 ὖ 

ὖᶻ=
ὗ1

ὗ1 + ὗ2
 



•Furthermore, let us define

ὴ= Ὢ(ὴ,ὖ)  

ὖ= Ὣ(ὴ,ὖ)  
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