
Functional explanations 
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The examples of modelling given so far 
describe mechanisms. (how?) 
 
The functional approach to theoretical 
biology and economics revolves around 
the ‘individual as the maximising agent’. 
(why?) 
 
I now give some examples of functional 
models. 
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Why join a group? 
� Can	
  conserve	
  energy	
  by	
  being	
  near	
  others.	
  
� Someone	
  else	
  will	
  get	
  eaten	
  if	
  a	
  predator	
  
a9acks.	
  

� Can	
  eat	
  the	
  food	
  that	
  others	
  find.	
  
� Can	
  build	
  structures	
  together	
  which	
  can’t	
  be	
  
built	
  alone.	
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Consider	
  f(n)	
  =	
  n	
  exp	
  (n/10)	
  	
  and	
  an	
  environment	
  with	
  s=2000	
  available	
  sites.	
  
Assume	
  iniGally	
  that	
  at	
  half	
  the	
  sites,	
  i=1	
  to	
  1000,	
  the	
  number	
  of	
  individuals	
  at	
  
the	
  site,	
  ni(0),	
  is	
  drawn	
  from	
  a	
  uniform	
  distribuGon	
  with	
  minimum	
  10-­‐r	
  and	
  
maximum	
  10+r.	
  The	
  other	
  half	
  of	
  the	
  sites,	
  i=1001	
  to	
  2000,	
  are	
  unoccupied,	
  
i.e.	
  ni(0)=0.	
  	
  
	
  
On	
  each	
  Gme	
  step	
  t	
  a	
  random	
  individual	
  is	
  picked.	
  It	
  then	
  calculates	
  the	
  
fitness	
  funcGon	
  for	
  all	
  of	
  the	
  sites	
  were	
  it	
  to	
  move	
  to	
  that	
  site,	
  i.e.	
  f(nj(t)+1)	
  
for	
  all	
  sites	
  apart	
  from	
  the	
  site	
  i	
  that	
  is	
  already	
  at.	
  If	
  	
  

	
   	
  f(nj	
  (t)+1)>	
  f(ni	
  (t))	
  	
  
	
  for	
  some	
  j	
  then	
  the	
  individual	
  moves	
  to	
  the	
  site	
  which	
  has	
  the	
  

maximum	
  value	
  of	
  f(nj	
  (t)+1).	
  If	
  more	
  than	
  one	
  site	
  has	
  the	
  same	
  value	
  of	
  	
  
f(nj(t)+1)	
  then	
  one	
  of	
  these	
  sites	
  is	
  picked	
  at	
  random.	
  
	
  
The	
  above	
  process	
  is	
  conGnued	
  unGl	
  no	
  further	
  moves	
  are	
  possible.	
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Stable groups are larger than optimal size, but smaller than Sibly size. 

Very narrow group size distribution. 

 Sumpter (2010) Chapter 2 



What is best for the individual is not generally 
what is good for the group. 
 
An individual’s fitness is affected by the 
behaviour of others. 
 
We typically expect individuals to maximize 
their own chance of survival and not that of 
their group or species. 
 
Co-operation needs to be explained, both in 
humans and in animals.  
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Nowak (2006), Five Rules for the Evolution of Cooperation, Science 
Lehmann & Keller (2006), Journal of Evolutionary Biology 



All two player games can be expressed as 
follows: 
 
 
 
Assume an infinite population which form 
random pairs on each generation, play the 
game and get a payoff determined by the 
table. 
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1.  Individuals form groups of size N. Individuals are distributed 
entirely at random between groups, i.e., dispersal is global.

2.  Each individual has a behavioral strategy, si. The payoff or 
fecundity of each individual i is determined by its own strategy 
and that of all other individuals in the group, i.e., f(si, s1 . . . sN). 
No reproduction occurs while individuals are within the group.

3.  Individuals then leave the group and a law of selection is applied 
to them: each strategy’s contribution to the next generation is 
proportional to its fecundity relative to the average fecundity of 
the entire population (i.e., not just those in the group of size N). 
This contribution to the next generation is also known as the 
individual’s fitness.

In many evolutionary game theory models it is often further assumed 
that N� �2 (Maynard Smith 1982). For N�!�2 these assumptions are the 
same as “group selection” models (Nunney 1985; Wilson 1983). Pro-
vided N � ', the probability of repeatedly interacting with the same indi-
vidual on consecutive generations is zero, as is the interaction probability 
for two related individuals, e.g., individuals with the same parents.

Some of these assumptions can be relaxed and the results of these mod-
els remain the same. For example, Nunney (1985) shows that a popula-
tion interacting with local neighbors in a continuous space, rather than 
discrete groups, but dispersing globally before reproduction gives similar 
predictions as those from the lifecycle above. What cannot be relaxed, 
however, is the assumption that there is a zero probability of interacting 
with the same individual twice or of interacting with relatives. These 
two cases are dealt with separately below in the sections on repeated 
interactions and inclusive fitness, respectively. For a good discussion and 
justification of the other assumptions underlying these models see Grafen 
(1984), Nunney (1985), and Dugatkin & Reeve (1994).

Evolutionary games where N� �2 and individuals choose between two 
distinct strategies can be expressed in terms of a payoff table. Table 10.1 
gives such a payoff table for interactions between “co- operators” and 

TABLE 10.1
Payoff table for two player evolutionary game

Focal/Partner Co- operate Defect

Co- operate B � C � E D � C
Defect B 0

The values in the table determine the fitness gained by the focal individual as a function 
of its own strategy and that of its partner.

 Sumpter (2010) Chapter 10 
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All two player games can be expressed as 
follows: 
 
 
 
B is benefit to partner. 
C is cost to self. 
D is direct benefit, if partner defects. 
E is extra benefit, if both co-operate. 
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discussing how the results for these two- player, two- strategy games relate 
to N- player and continuous strategy games. It turns out that two- player 
games provide quite a general classification of the possible forms of co- 
operation, even when we add these further complications.

Parasitism

It’s Sunday morning, the living room is a mess, but the newspaper has 
just arrived. You and your partner have the option of either tidying the 
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Figure 10.1. Outcome of two- player evolutionary game. Shows how the cost- benefit param-
eters, C, D, and E determine the evolutionarily stable strategies in two- player, two- strategy 
games. The axes of the main figure are the benefits E and D. Each of the four panels within 
the figure shows one of four qualitatively different forms of the fitness function g(x), given 
in box 10.A. The arrows show how the amount of co- operation in a population will change, 
given a particular proportion of co- operators in the population. If D�!�C but E � C then the 
outcome is parasitism, a single evolutionarily stable state where the population consists of a 
mixture of co- operators and defectors; if D�!�C and E�!�C then the outcome is mutualism, the 
evolutionarily stable state is to all co- operate; if D � C and E�!�C then the outcome is syner-
gism, where there are two evolutionarily stable states one corresponding to all defect and one 
to all co- operate; finally, if D � C and E � C then the evolutionarily stable state is to all defect. 
This last case is classified as failed altruism, because were individuals to co- operate in such a 
situation their actions would be altruistic and result in negative direct fitness for an individual.



All (simple) forms of co-operation can be 
labelled as mutualism (D>C & E>C), 
parasitism (D>C), synergism (E>C) or 
altruism (rB>C).  
 
Much of the study of collective behaviour 
is about finding unexpected synergisms 
and hidden parasitisms. 
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No incentive for defector to change 
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:) 

-C B 0 0 



Incentive for defector to change (E>C). 
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:) 

-C B B-C+E B-C+E 
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:) 

� Now some groups are better than others, 
but selection is still on individuals.  

� Observing the co-operating/defector 
pair is only half the story.  

� Allows ‘chains’ of co-operation without 
repeated interactions or relatedness.  

 Sumpter & Brännström (2008);  Cornforth et al. (2012) 
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:) 

Payoffs are determined by 
 

 F(      ,      ,        ,       ,       ) 
 
or rather 
 

 F(      ,      ,        ,       ,       ) 
 
or worse still 
 

 F(      ,      ,        ,       ,       ) 
 
 



 
Hogeweg, P (2012) Toward a theory of multilevel evolution: long-term 
information integration shapes the mutational landscape and enhances 
evolvability. 
 
Boerlijst M.A. and Hogeweg P. (1991) Physica D 
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:) 

Multilevel evolution

• CA Universe: (cf.Crutchfield, Wolfram)
Micro � > Macro (....� >....� >..... etc )
STATIC (simple) ’rockbottom’ ?one more soul?

• BUT: In evolving systems also Macro � > Micro:

lowest level
does not make sense except in the light of

higher level processes

13
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Individual  
Interactions Collective patterns 

How? 

Why? 


