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Lecture 4: When will optimal signalling evolve?
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Lab 3 worksheet

1. The two ways of scoring an agent's success depend on being understood (the first 
number), and understanding (the third number). What are the ecological 
interpretations of these scores?  Which do you think are evolutionarily significant, and 
why?



Lab 3 worksheet

2. Can you construct a population where every agent gets approximately the same 
score for being understood, but different scores for understanding? What about the 
other way round?



Lab 3 worksheet

4.  Who communicates with who in a population?  What other ways could you model 
this, and how would you start adjusting the code to implement your model? Hint: what 
if people only talked to people who were ‘near’ them?



Optimal communication

• Oliphant (1996) talks about “Saussurean” signalling as the ideal 
communication system:

• “What is important is that each signal ‘means’ the same thing to both the 
individual sending it and the individual receiving it. It must be possible to 
map some concept onto a symbol and then map back from the symbol to 
get the original concept.” (OIiphant 1996)
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Optimal does not mean inevitable

• Voltaire in Candide caricatured Leibniz’s view that we live in the “best of all 
possible worlds” using the farcical character of Dr. Pangloss

• The Panglossian view of evolution is a secular extension of Leibniz’s theodicy

• Natural selection does not necessarily create optimal solutions!

• Optimal, Saussurean signalling is not the inevitable result of evolution

• Oliphant aims to show that it can only emerge given specific conditions



Oliphant’s simulation 1

• Simplified variant of our model, with two signals, two meanings, and 
deterministic mappings between the two

• With fitness based on both sending success and receiving success, optimal 
communication evolves:

Note: not a fitness graph.
Measures frequency of one of 
two optimal systems
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Fig. 1. Structure of the ‘1010’ genome. An individual with this 
genome has a transmission system WI’) that will transmit the 
symbol ‘1’ when given the environmental state ‘O’, and the 
symbol ‘0’ when given the environmental state ‘1’. The recep- 
tion system for this genome (‘IO’) produces a response of ‘1’ 
when given the symbol ‘0’ and ‘0’ when given the symbol ‘1’. 
Note that this is a Saussurean communication system, as the 
reception system is the inverse of the transmission system. 
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Fig. 2. Payoff Matrix for Simulation 1. Both the sender and 
the receiver get a high (1) payoff when communication between 
them is successful, and a low CO’) payoff when it is not. 

‘punished’ when it was not. This was done via a 
very simple payoff matrix, shown in Fig. 2. Based 
on this payoff scheme, the best fitness an individ- 
ual could hope to achieve would be 1.0 (resulting 
from successful communication in every interac- 
tion) and the worst fitness would be 0.0 (resulting 
from communication failure in every interaction). 

The evaluation phase of a generation consisted 
of each member of the current population playing 
against 16 other randomly-selected members of 
the population. An interaction consisted of two 
communication attempts - each individual tak- 
ing a turn at being the transmitter and a turn at 
being the receiver. This provided at least 16 eval- 
uations of each genome in each role as transmit- 
ter and as receiver, plus an average of 16 more 
evaluations due to being randomly selected to 
play with other members of the population. 

Each new generation was created from the 
previous generation by performing 100 random 
selections biased by fitness (meaning that if one 
individual had twice the fitness of another, it 
would be twice as likely to be selected and would 
be expected to be represented twice as many 
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Fig. 3. Frequency of the Saussurean communication system 
‘0101’ when selective pressure is on both sender and receiver. 

times in the new population). The new population 
was then subjected to mutation (with each bit of 
each individual’s genome having a 27% chance of 
being mutated) and crossover (with each individ- 
ual having a 10% chance of being involved in a 
crossover)‘. 

Numerous runs with different initial popula- 
tions were done. In each case, the entire popula- 
tion quickly converged to a single 
transmission/reception system. Two such stable 
states exist - the two Saussurean communica- 
tion systems possible with this four-bit genome 
(‘0101’ and ‘1010’). Which of them the population 
converges to depends on the random seed given 
to the simulator. An example run where the 
population converged to an ‘0101’ communication 
system can be seen in Fig. 3. After approximately 
40 generations, almost every individual in the 
population has the same communication system. 
The variability seen after generation 40 is due to 
the mutations occurring in each generation. 

3.2. Simulation 2: failure to evolve Saussurean 
communication 

In Simulation 1, the consequences of a success- 

‘The values for the mutation and crossover rates are ar- 
bitrary. A range of values produce comparable results. The 
key is to have the rates high enough to produce variability in 
the population while not having them so high that good 
solutions are quickly lost due to overwhelming variation. 
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How to get communication, solution 1:
mutual benefit



Oliphant’s simulation 2

• Is mutual benefit realistic?  What benefit does a vervet monkey get for 
producing an alarm?  Is there a cost?

• Oliphant reruns the simulation with only receivers benefiting from successful 
signalling

• Population does not converge on optimal signalling

• Reception behaviour looks optimal (but unstable)

• Transmission behaviour wanders about at random

• And these random fluctuations drive switches between reception 
systems
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ful communication were the same for both the 
sender and the receiver. If communication is suc- 
cessful, both benefited. If communication failed, 
both paid the price. Communication in the real 
world may not always reflect this assumption. An 
example is the case of animal alarm calls. Vervet 
monkeys have a fairly elaborate alarm call system. 
They have calls that differentially signal the pres- 
ence of various predators (such as leopards, ea- 
gles, and snakes) and produce specific responses 
in other monkeys that are appropriate to the type 
of predator (Cheney and Seyfarth, 1990). Vervets 
certainly seem to have a Saussurean communica- 
tion system, but it is not clear that the environ- 
ment in which it evolved is like the simulations 
just described. 

The main problem is that the transmitter of the 
alarm call appears to get no direct benefit from 
successful communication - after all, the monkey 
giving the signal has already seen the predator. 
The benefit to the receiver is much more clear. If 
the receiver does not understand the signal, it 
stands a higher chance of getting eaten. With this 
in mind, several additional simulations were per- 
formed. These new simulations were identical to 
the earlier ones, except that instead of evaluating 
both the transmitter and the receiver based on 
the success of an attempted communication, only 
the receiver was evaluated. The new payoff matrix 
is shown in Fig. 4. 

After a thousand generations, populations run 
with this new payoff matrix showed no signs of 
converging to a single communication system. The 
data revealed that while the transmission systems 
showed no tendency to converge, the receiving 
systems did. Fig. 5 shows that, although the popu- 
lation was almost always converged to one recep- 
tion system (‘01’ or ‘lo’), the particular system 

Fig. 4. Payoff Matrix for Simulation 2. Selective pressure is ‘Note that the figures are from a particular simulation, but 
placed only on the receiver. the behavior was not unique to this run. 
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Fig. 5. Frequency of reception systems ‘01’ (upper plot) and 
‘10’ (lower plot) when no selective pressure is placed on the 
transmitter. Note that the population is always dominated by 
one or the other. 

that was dominant was not stable over time*. 
Note the sharp transitions from an ‘01’ reception 
system to a ‘10’ reception system and back again 
over the course of the run. 

This bistable nature of the reception system 
distribution reflects the nature of the fitness func- 
tion. Because individuals are evaluated based on 
their success at reception, it is advantageous to 
have a reception system of ‘01’ or ‘10,’ because 
the other systems give at best chance perfor- 
mance. The reason the population is always con- 
verged to one of these systems is because recep- 
tion is reflecting the transmission system domi- 
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tion. Because individuals are evaluated based on 
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Oliphant’s simulation 3

• The problem is related to altruism. Why do species behave altruistically to 
others when genes evolve selfishly?

• One answer: reciprocal altruism

• I’ll scratch your back if you scratch mine
I’ll send optimally to you if you send optimally to me

• Oliphant used agents with two signalling systems and used one or the other 
depending on whether signalling was successful with a specific other agent

• Optimal signalling evolves (initially along with a deliberately unhelpful 
“punishment” system).



How to get communication, solution 2:
reciprocity



Oliphant’s simulation 4

• Previous simulations have picked partners to communicate with at random.

• What if you talked more to people near you, and people near you were more 
likely to be related to you (e.g. have the same parent)?

• Organise agents in a ring:

• Optimal communication evolves,
even without mutual benefit, or
reciprocity!

Communication

Reproduction
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not truly altruistic. Each individual was selected 
for their ability to maximize their own fitness; it 
simply turned out that it was in each individual’s 
best interest to be ‘nice.’ Using spatially orga- 
nized populations, on the other hand, has the 
potential to result in true altruistic behavior at 
the level of the individual. 

In the previous simulations, the populations 
were not spatially organized. This meant that 
when picking an opponent to communicate with, 
or a mate to perform the genetic crossover opera- 
tor with, all other individuals were equally likely 
to be chosen. With a spatially organized popula- 
tion, this is not the case. The population can be 
thought of as existing in a one-dimensional space. 
Individuals are more likely to communicate and 
mate with those close to them than they are with 
those farther away. Also, when an individual has 
offspring, they are placed in the area of the space 
where the parent was. These factors result in a 
space where individuals are more related (geneti- 
cally closer) to those nearer to them. Because 
individuals communicate more with those around 
them, if they are ‘nice’ (transmit signals that 
correspond to the dominant reception system in 
the population), this will benefit those close to 
them. Since those close to them will also be more 
related to them, they are, in a sense, benefitting 
their own genes. The notion that individuals might 
exhibit behavior that is not in their best interest, 
but benefits others that are related to them has 
been a prominent idea in ethology for quite some 
time (Hamilton, 1964; Dawkins, 1989). 

A set of simulations was carried out to test 
whether such a situation could help lead to the 
evolution of a Saussurean communication system. 
These simulations were identical to those in 
Simulation 2, except that spatially organized 
populations were used. Spatial organization was 
imposed by selecting partners to communicate 
and mate (perform crossover) based on a Gauss- 
ian distribution around that individual. In addi- 
tion, when a new population was created from the 
previous population, offspring were placed in the 
same spatial area that their parents occupied. 
This maintains a spatial organization across gen- 
erations. Fig. 9 shows the results of a sample 
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Fig. 9. Frequency of communication system ‘0101’ in a simu- 
lation where individuals were biased toward communicating 
and mating with individuals that were, on average, a distance 
of five individuals on either side of them. 

simulation done where individuals were biased 
toward communicating and mating with individu- 
als that were, on average, a distance of five indi- 
viduals on either side of them. After a hundred 
generations or so, the Saussurean communication 
system ‘0101’ dominates the population. This re- 
sult is even more pronounced when a simulation 
is run with individuals communicating and mating 
only with those immediately on either side of 
them, while increasing this distance shows the 
same general pattern, although it is less stable. In 
general, the larger the distance, the more the 
results resemble those obtained with populations 
that are not spatially organized. 

From these simulations, it seems quite clear 
that organizing a population spatially makes a 
critical difference. The only difference between 
these simulations and those in Simulation 2 was 
the addition of spatial organization. Saussurean 
communication did not evolve in Simulation 2, 
but it did evolve in Simulation 4. In Simulation 2 
it was shown that there was no advantage to 
having a ‘nice’ transmission system - one that 
corresponds to the reception mechanism of oth- 
ers in the population. This was because an indi- 
viduals ‘niceness’ could not differentially benefit 
‘nice’ individuals and ‘nasty’ individuals. This is 
no longer the case once spatial organization is 
imposed. As was noted earlier, ‘nice’ individuals 
will end up being close together and will benefit 
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Oliphant’s simulation 4

• Previous simulations have picked partners to communicate with at random.

• What if you talked more to people near you, and people near you were more 
likely to be related to you (e.g. have the same parent)?

• Organise agents in a ring:

• Optimal communication evolves,
even without mutual benefit, or
reciprocal altruism!

• Why?

Communication

Reproduction



How to get communication, solution 3:
spatial organisation



Summary

• Optimal “Saussurean” signalling does not automatically evolve by natural 
selection

• Needs either:

• mutual benefit

• reciprocity

• spatial organisation

• Can we replicate the first of these results in our simulation model?



Lab 4 worksheet

1. Under what conditions does stable, successful communication evolve? (Note that 
it is a very good idea to run the simulation a few times, and plot the results).



Lab 4 worksheet

2. Can you speed up evolution (or slow it down)? How? Is there a limit to how fast 
evolution can happen in the model?



Lab 4 worksheet

3. In earlier worksheets we gave you the option of modelling production and 
reception using a single matrix of weights, or of modelling populations in a more 
structured way (e.g. where each individual communicated with their neighbours).  
What difference do you think these factors will make to the evolution of 
communication?  Make the necessary adjustments to the code and find out.



Lab 4 worksheet

4.  In this model a parent’s signalling system is transmitted directly to their offspring - 
this is our model of the genetic transmission of an innate signalling system.  How 
else might a signalling system be transmitted from parent to offspring, and how 
might you model that process?

We’ll explore this in a lecture next Thursday.

On Monday there will be a catch up lab.


