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Introduction 



• The variety of signaling systems within & between species plays a 
key role in regulating species’ coexistence and speciation processes 

• Two main mechanisms to account for the evolution and 
maintenance of alternative signaling systems 
1) Sexual Selection 

2) Differential Selection 

• The common view  
– populations exposed to uniform habitats without sexual selection should 

evolve similar communication systems  

• The comparative view  
– the vagaries of evolution can also lead to signal variation between species 

Introduction 



• Diverse phenotypes can emerge depending on 
stochastic evolutionary events (mutation, 
recombination) 

• Does Historical contingency (stochastic 
evolutionary events) lead to variation among 
populations in signaling??  
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• Does Historical contingency (stochastic evolutionary events) lead to variation 
among populations in signaling??  

In this study, the authors 

a. investigated whether alternate communication systems can 
emerge in populations that evolved in the same 
environment  two main signaling systems 

b. compared the evolutionary history of populations to 
identify the causes underlying signal diversification  

c. compared the efficiency of the two signaling strategies (1-
signal, 2-signal) and investigated whether stochastic events 
can have consequences on the outcome of competition 
between distinct populations 
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Materials & Methods 
 



 
Experimental Setup. 
 

 
 



• The circular-shaped robot (7.2 cm) 
– two independent wheels, a camera (360° field of view), a 

floor sensor for food detection, and a light-emitting diode 
ring around the robot that could emit either green or blue 
light 

• A physics-based simulation  

• A sigmoid function [-1, 1] 

• Nine input neurons / four output neurons 
(controlling the speed of the left and right 
wheel (2), and the light emission (2))  

  the 36 synaptic connections  

Experimental Setup 



 
Artificial Evolution. 

 
 



• 100 groups (20 simulated robots), One population contained 2,000 genomes 

•  All of the robots in a group had the same genome 

• Genetic differences between groups ultimately stemmed from mutation, 
recombination, selection, and drift  

• Each group of 20 robots was placed randomly in a bounded 3 × 3m arena 
containing a circular food source with a diameter of 32 cm 

 

 

 

 

 

• The performance was calculated as the proportion of the 1,200 sensor-motor 
cycles (time steps) spent on food, 20 times  100 genomes for reproduction 

• Crossover and mutation, 20 times 

• All experimental populations evolved for 1,000 generations 

Artificial Evolution (Experiment 1) 



 
Competition Experiments. 

 
 



1. After the first 1,000 generations of selection without inter-
population competition,  

2. The number of robots were reduced so that each 
population contained 100 groups of 10 robots each 

3.  Each group of one population was then paired with 20 
randomly selected groups of each of the 19 other 
populations (i.e., inter-population competition) 

4. Each pair was placed in the same environment and 20 trials 
were conducted for 1,200 time steps with random starting 
conditions for each individual 

5. The average performance of each group over these 20 trials 
was measured and the performance of the groups in the 
one-signal and two-signal populations was compared 

Competition Experiments (Experiment 2) 



 
Results 
 

 
 



• Experiment 1 investigated the evolution of alternative communication strategies 
in a cooperative system where groups of simulated robots were placed in an 
environment containing one food source randomly located in an arena  

• An inherent property of this foraging system was that robots could increase the 
performance of other robots by signaling when they were on the food source 

• To study how communication between robots evolved across the 20 independent 
populations, the authors quantified the proportion of time steps where the 
robots emitted green or blue light on the food source or somewhere else in the 
arena (“primary” color and “secondary” color) 
– The emission of  the primary color on food 

– The emission of the secondary color on food 

– The emission of  primary color in the environment 

– The emission of the secondary color in the environment 

 

Results 

Experiment 1 



• A principal component analysis on all four measured signaling traits revealed that 
the emission of the secondary color in the environment contributed most to the 
first principal component (96.5% of the between-population variance in signaling) 

• A hierarchical clustering on the scores of the first two principal components 
revealed two major clusters 

 

Results 

Experiment 1 



• The first contained 11 populations in which robots intensively emitted the primary color on the food, 
but did not signal in the foraging arena  

 one-signal populations  
• The other cluster comprised the remaining 9 populations, in which robots similarly emitted the 

primary color on food, but also produced a significant amount of the secondary color in the foraging 
arena  

 two signal populations 

 

 

 

 

 

 

 

• The one-signal populations had a mean performance of 0.196, which was 15.3% 
higher than the mean performance (0.168) of the two-signal populations 

Results 
Experiment 1 



• Different trajectories between the one- and two signal populations 
– In the one-signal populations, the performance was positively correlated with the emission of 

the primary color on food 

– In the two-signal populations, the performance was positively correlated with the emission of 
the primary color on food. Additionally, the emission of the secondary color in the environment 
was also positively correlated with performance 

 

 

 

 

 

 

 

• Thus, in addition to a signal indicating the presence of food that evolved in all 
populations, an additional signal indicating the absence of food had been added 
in the two-signal populations 

Results 
Experiment 1 



• The key event  that was responsible for the different evolutionary trajectories of 
the one- and two-signal populations 
– the authors suppressed the emission of the primary or secondary colors either on the food or in 

the environment  

• In the one-signal populations, the suppression of the primary color emission on 
food had a significant negative influence on performance 

• In the two-signal populations, performance decreased when the primary color on 
food was prevented. Blocking the emission of the secondary color in the 
environment decreased performance 
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Experiment 1 



 

 Experiment 1 confirmed that early divergence between populations caused by 
different genetic changes (mutation and recombination) affecting the use of the 
secondary color in the environment led to differences in the selective pressure 
on signaling, and ultimately to the evolution of two distinct signaling strategies 
in the one- and two-signal populations. 

Results 
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• Experiment 2 investigated whether the evolution of two alternative signaling 
strategies had consequences on the outcome of inter-population competition 

• The individual performance of robots was lower when in competition than when 
interactions occurred only within a given population  

• The decline in performance was much higher for the one-signal populations 
than for the two-signal populations  

• There was a reversal in performance between the one- and two-signal 
populations under competition, demonstrating a higher robustness of the two-
signal populations to competition 

 

 

 

 

 

 

 

Results 

Experiment 2 



Discussion 



• The evolution and fixation of two distinct communication strategies occurred as 
a result of very early genetic differences between populations that influenced 
the course of signal evolution (within the first 10 generations of selection) 

• The differences in signaling remained stable despite the greater efficiency of one 
of the signaling strategies  
– Social interactions (suboptimal adaptive peaks) 

• This study revealed that variation in signaling can occur without sexual selection 
and in the absence of ecological differences  

• It is possible that, besides habitat-dependent and sexual selection, stochasticity 
in the occurrence order of genetic and phenotypic changes during the course of 
evolution might also be involved in speciation processes 
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Thank you! 


