
Lecture 5: Cooperation



• Cooperative behavior

– Actor (“cooperator”) pays a cost

– Recipient gains a benefit

– Cooperator may also gain a direct benefit

• Altruism (or apparent altruism)

– Cooperator does not gain a direct benefit at the 
time scale of the behavior



How can we explain cooperative 
behavior?

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 

This term is positive

OR

This term is positive



How can we explain cooperative 
behavior?

This term can only be positive if there is 
some direct benefit of cooperating  (i.e., 
one that does not depend on who the 
partner is) that exceeds the cost

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 



How can we explain cooperative 
behavior?

If this variable is positive, then, for this 
whole term to be positive…

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 



How can we explain cooperative 
behavior?

This must be positive…

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 



How can we explain cooperative 
behavior?

…which can arise in at least two ways

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 



• Suppose that phenotype is the sum of the additive effects of:
– Heritable variance in the trait, g

– Environment, δ

– Adjustment in response to the phenotypes of social partners, 
ψ

z = g + δ + ψ z

Z = G + D + ψZ



How can we explain cooperative 
behavior?

ύЎᾀӶ=  ‍ᾀὠᾀ+ ‍ᾀᴂὅέὺᾀᴂ,ᾀ 

 

…which can arise in two ways



How can we explain cooperative 
behavior?

Z is the phenotype of social partners

ὤ= Ὃ+ Ὀ+ ‪ᾀ 

ᾀ= Ὣ+ +‏ ‪ὤ 

If ‪= 0, 

ὧέὺὤ,ᾀ=  ὧέὺὋ,Ὣ 

ὠᾀ=  ὠὫ 

ὶ=
ὧέὺὋ,Ὣ

ὠὫ 
 

 

 

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 



How can we explain cooperative 
behavior?

Z is the phenotype of social partners

ὤ= Ὃ+ Ὀ+ ‪ᾀ 

ᾀ= Ὣ+ +‏ ‪ᾀ 

If ὧέὺὫ,Ὃ = 0, then 

ὧέὺὤ,ᾀ= ὧέὺ‪ᾀ,‪ὤ =
2‪ὠὫ

1 ‪2 2
 

ὠᾀ=
ὠὫ+ ‪2ὠὫ

1 ‪2 2
 

(note that this assumes Vg = VG, i.e., that g and G are genotypes for the 

same trait) 

ύЎᾀӶ=  ‍ύᾀὠᾀ+ ‍ύὤὅέὺὤ,ᾀ 



3 routes to cooperation

• βwz > 0   → “byproduct mutualism”

• r > 0     → “kin selection”

• ψ > 0 and βz’ > 0 → 
– “reciprocity”

• ψ is a behavioral decision of recipient (in which case, we 
need to explain why a positive ψ is evolutionarily stable

– “pseudoreciprocity”
• ψ is not a behavioral decision of recipient



Byproduct mutualism

• Direct benefit to self

• Benefits to others are 
incidental

• E.g., male red-winged 
blackbirds defend the 
nests of neighbors
– Some of the young in 

neighboring nests fathered 
by that male



Kin selection

• Benefit to genetic relatives

• Requires that groups are 
composed of close relatives 
or that close kin can be 
identified

• E.g., in some lekking birds 
(like turkeys), subordinate 
males help related 
dominants attract females, 
but gain no matings
themselves 



Positive Reciprocity

• Cooperative behavior is 
rewarded with cooperation

• Requires repeated 
interactions

• E.g., in female vampire bats, 
individuals regurgitate 
blood meals to others that 
have not found food and 
that have helped them in 
the past



Indirect reciprocity

• Cooperation with others 
rewarded by cooperation

• Requires long term 
association and ability and 
opportunity to keep track of 
interactions that don’t 
involve self

• E.g., cleaner fish refrain 
from biting clients if other 
potential clients are 
watching



Negative reciprocity

• Lack of cooperation is 
punished

• Evolutionary stability of 
costly punishment?

• In a cichlid fish, 
subordinates that do not 
assist in defense against 
intruders evicted by other 
group members



Pseudoreciprocity

• Cooperation necessarily 
leads to returned 
benefits

• E.g., leaf-cutter ants 
farm fungus.  Growth of 
fungus provides food 
for ants.


