
Portland State University Portland State University 

PDXScholar PDXScholar 

Systems Science Faculty Publications and 
Presentations Systems Science 

2005 

Hamilton's Rule in Reciprocal Altruism and Hamilton's Rule in Reciprocal Altruism and 

Symbiosis Symbiosis 

Jeffrey Fletcher 
Portland State University, jeff@pdx.edu 

Martin Zwick 
Portland State University, zwick@pdx.edu 

Follow this and additional works at: https://pdxscholar.library.pdx.edu/sysc_fac 

 Part of the Computer Sciences Commons, and the Psychology Commons 

Let us know how access to this document benefits you. 

Citation Details Citation Details 
Jeffrey A. Fletcher and Martin Zwick, "Hamilton's Rule in Reciprocal Altruism and Symbiosis." Evolution 
2005. Fairbanks, AK, June 2005. 

This Presentation is brought to you for free and open access. It has been accepted for inclusion in Systems 
Science Faculty Publications and Presentations by an authorized administrator of PDXScholar. Please contact us if 
we can make this document more accessible: pdxscholar@pdx.edu. 

https://pdxscholar.library.pdx.edu/
https://pdxscholar.library.pdx.edu/sysc_fac
https://pdxscholar.library.pdx.edu/sysc_fac
https://pdxscholar.library.pdx.edu/sysc
https://pdxscholar.library.pdx.edu/sysc_fac?utm_source=pdxscholar.library.pdx.edu%2Fsysc_fac%2F282&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/142?utm_source=pdxscholar.library.pdx.edu%2Fsysc_fac%2F282&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/404?utm_source=pdxscholar.library.pdx.edu%2Fsysc_fac%2F282&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.pdx.edu/services/pdxscholar-services/pdxscholar-feedback/?ref=https://pdxscholar.library.pdx.edu/sysc_fac/282
mailto:pdxscholar@pdx.edu


Hamilton's Rule in Reciprocal 
Altruism and Symbiosis

Jeffrey A. Fletcher
Department of Zoology

University of British Columbia
fletcher@zoology.ubc.ca

Martin Zwick
Systems Science Ph.D. Program

Portland State University
zwick@pdx.edu



The Plan
• Do Inclusive Fitness and Reciprocal 

Altruism Models embody different or 
similar mechanisms?

• Background
– The Prisoner’s Dilemma (PD), Hamilton’s Rule 

(Queller’s version)

• Apply Hamilton’s Rule to Reciprocal 
Altruism:
– Iterated Prisoner’s Dilemma model
– A model of symbiosis

• Towards a Unified Theory
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Additive Prisoner’s Dilemma (PD)
Actor's Fitness (Utility)

opponent’s behavior 

C  D  

actor’s 
C 4 0

behavior 
D 5 1
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Additive Prisoner’s Dilemma (PD) 
Actor's Fitness (Utility)

  opponent’s behavior 
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• w0 = 1; b = 4; c = 1
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Non-Additive PD
Actor's Fitness (Utility)

  opponent’s behavior 
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• w0 = 1; b = 4; c = 1; d = -1
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An Iterated PD Model of 
Reciprocal Altruism

• Players paired randomly from a large 
population, then play i iterated games

• Each player has an overall heritable 
strategy (genotype), here only: 
– Always Defect (ALLD)
– Tit-For-Tat (TFT)

• Number of offspring in next generation 
proportional to cumulative fitness 
payoffs

• Model parameters: i and b/c
Jeff Fletcher 6



What Does Hamilton’s Rule (HR) Say?
• If rb > c, then the altruistic trait will increase

in the next generation

)(var
),cov(

At

OA

G
GGr =

• Two Problems
– Random pairing of types, r = 0
– PD used is non-additive

• Axelrod and Hamilton (1981) offered 
Reciprocal Altruism and Inclusive Fitness as 
two different mechanisms by which 
cooperation (altruism) could evolve
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Queller's Generalization
• Queller (1985) showed that it is the 

phenotypes (behaviors) of others that 
should count in HR, not their genotypes

• Hamilton Queller

)(var
),cov(

At

OA

G
GGr =

),cov(
),cov(
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OA

PG
PGr =
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• Notice, no GO term in Queller's version 
• Queller also solved the non-additive 

problem
• Surprisingly, Queller’s version not used 

to analyze reciprocal altruism
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Numerical Simulations of Iterated 
PD varying i and b / c
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A Symbiosis Model

1 2
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Generalizations of Hamilton's Rule 
• Hamilton's original version: 

crb >
• Hamilton's version (based on Price's 

covariance equation): 

cb
G

GG

A

OA >
)var(

),cov(

PG OA >
),cov(

• Queller's version with phenotype/genotype 
differences: 

cb
PG AA ),cov(

PPGPG ),cov(),cov(

• Queller's most general version with non-
additivity:

cd
PG
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OAA

AA

OA >+
),cov(),cov(
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Is Inclusive Fitness a Different 
Mechanism than Reciprocal Altruism?

• Axelrod and Hamilton (1981) said yes
• “Shared genes cooperation differs from 

all other models considered here in that 
the cooperative individual need not 
benefit from its act.”
– Sachs, J. L., U. G. Mueller, T. P. Wilcox, and J. J. Bull. 2004.

The Evolution of Cooperation. Quarterly Review of Biology
79:135-160.

• Is the b In Hamilton's Rule the benefit 
given or the benefit received by 
altruists?
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A Unified View
• The frequency of an altruistic allele 

increases if individuals carrying that allele 
receive more fitness benefits from others 
than average population members do

• True whether these “others” are relatives 
or from a different species; whether you 
are thinking in terms of inclusive fitness or 
reciprocal altruism

• Many causes, including: 
– Kinship, conditional strategies, policing, 

reputation, etc.

Jeff Fletcher 14



Acknowledgements
• Thanks For Discussion

– Leticia Avilés and lab 
– Michael Doebeli and lab
– Patricio Salazar
– Chrissy Spenser

• Thanks For Funding
– NSF International Research Fellowship

Jeff Fletcher 15



16



Queller's Non-Additive Version 
of Hamilton's Rule

cdrrb dev >+
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Iterations = Non-Additivity
  opponent’s behavior 
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• iterations = 10
• w0 = 10; b = 4; c = 1; d = 27
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A More Intuitive Form
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