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Interactions between evolution and learning 
1. Introduction 
 Artificial Life (ALife) is an interdisciplinary field of research that aims to understand 
and apply emergent dynamics of biological systems by synthesizing life-like behaviors 
using artificial media such as computers, robots, molecules, and so on. An important role 
of this field is to reconsider biological concepts from emergent and computational 
perspectives. In this talk, we introduce our current works on effects of learning on 
evolution, called the Baldwin effect1), especially in dynamic environments. 
2. Interactions between evolution and learning 
 Evolution and learning are different adaptive mechanisms in biological populations. It 
has been controversies how these two mechanisms can interact with each other indirectly 
since more than 100 years ago1), although acquired characters through individual lifetime 
learning cannot be inherited to offspring directly, except through some epigenetic 
inheritance mechanisms2) (e.g., DNA methylation).  
 Recently, interactions between evolution and learning is drawing much attention in 
various scientific and engineering topics such as evolutionary significance of phenotypic 
plasticity in evolutionary biology called Evo-devo or Eco-Evo2), engineering applications of 
their interactions in hybrid evolutionary algorithms, and so on. However, it is not 
straightforward to analyze their interactions experimentally or mathematically, because 
evolution and learning work at different levels and timescales. Thus, ALife approaches 
based on computational models have contributed to general understanding of the 
emergent dynamics of their interactions on a conceptual level for two decades3). 
 A fitness landscape (Fig. 1) is often used to visualize and 
intuitively understand effects of learning on evolution. A wide 
variety of species have more or less abilities to modify their 
own traits to make themselves more adaptive in their existing 
environments. They can change the shape of the landscape by 

modifying each individual’s fitness (not its genotype), and as 
a result, affect the evolution of the population indirectly. 
 ALife researchers have focused on the Baldwin effect1), 
which is typically interpreted as a two-step evolution of the 
genetic acquisition of a learned trait without the Lamarckian 
mechanism3, 4, 5, 6). An important finding of these studies is that the balances between the 
benefit and cost of learning can smooth the fitness landscape, and as a result, can either 
accelerate or decelerate the adaptive evolution4) (Fig. 1). The recent studies discussed the 

Fig. 1: Fitness landscape. The 
vertical axis is the corresponding 
fitness value of a genotype
(phenotype) on a possible genotypic
(phenotypic) space. The adaptive 
evolution of the population 
corresponds to a hill-climbing 
process on the landscape. 

 



Fig. 2: A conceptual image of evolution on dynamic fitness landscapes. The horizontal axis is the average innate
communication level of the population. i) Initially, the population exists on a peak of the innate level L. ii) The learnable
individuals, who can adjust their levels to their counterparts’, begin to invade into the population, which increases the height
of the landscape. iii) As the number of such learnable individuals increases, the peak of the modified landscape by learning
gradually moves to the higher level L+1, which enables the individuals to cross the dynamically appearing valley between
the peaks of the innate level L and L+1. iv) Finally, the population completely moves to the peak of the innate level L+1. 

effects of the ruggedness of the fitness landscape5). It was clarified that if the shape of the 
fitness landscape is rugged, the drastic changes in roles of learning bring about the 
complex three-step evolution through the Baldwin effect. However, it is still controversial 
how learning can affect evolution in dynamically changing environments. 
 3. Evolution of communication levels and their learning abilities 
 The understanding of language evolution, which includes genetic evolution of language 
abilities and cultural evolution of language, is a challenging theme relating to human 
identity. It is also one of the most suitable ones so as to discuss interactions between 
evolution and learning in dynamic environments that arise from interactions among 
individuals. ALife is also supposed to be one of the promising approaches in this field. 
 For these reasons, we constructed a simple model based on a genetic algorithm for the 
coevolution of communication levels for signaling and receiving signals and their learning 
abilities, in which these levels need to coevolve in step with each other because a 
communication is successful only when the levels of a signaler and a receiver are the same6). 
The results showed that the population with learning successfully increased its shared 
communication level through the repeated occurrences of the Baldwin effect, while the 
population without learning failed to increase. This is due to the fact that learning 
enabled the population to cross the valleys between dynamically appearing peaks of 
adaptive communication levels on the fitness landscape, and the genetically acquired 
traits became a scaffold for the subsequent occurrence of the Baldwin effect (Fig. 2).  
4. Conclusion 
 We have discussed the interactions between evolution and learning in complex and 
dynamic environments. We believe our results imply that the interplays between genetic 
evolution and learning played important roles in the evolution of adaptive and complex 
communication abilities. Another implication is the significance of evolvable plasticity 
from an engineering point of view. It would be interesting to incorporate a mechanism 
that automatically adjusts the balances between evolutionary and learning algorithms 
into communicative multi-agent systems. 
References 
1) Baldwin, J. M.: A new factor in evolution, American Naturalist, 30, 441-451 (1896). 
2) Gilbert, S. F. and Epel, D.: Ecological Developmental Biology: Integrating Epigenetics, Medicine, and 

Evolution, Sinauer Associates (2009). 
3) Hinton, G. E. and Nowlan, S. J.: How learning can guide evolution, Complex Systems, 1, 495-502 (1987). 
4) Paenke, I. et al.: The influence of learning on evolution: A mathematical framework, Artificial Life, 15(2): 

228-245 (2009). 
5) Suzuki, R. and Arita, T.: The dynamic changes in roles of learning through the Baldwin effect, Artificial 

Life, 13(1), 31-43 (2007). 
6) Suzuki, R. and Arita, T.: How learning can guide evolution of communication, Proceedings of Artificial Life 

XI, pp. 608-615 (2008). 

 


