
Allee effect on language evolution
José F. Fontanari
Instituto de Física de São Carlos, Universidade de São Paulo, Caixa Postal 369,
São Carlos, SP 13560-970, Brazil
Leonid I. perlovsky
Air Force Research  Laboratory, 80 Scott Rd., Hanscom Air Force Base, MA
01731, USA
The case for the  study of the evolution of communication
 within a multi-agent framework was  probably best made  by Ferdinand de Saussure in a famous statement made in his lectures at the University of Geneva (1906-1911) “language is not complete in any speaker; it exists only within a collectivity... only by virtue of a sort of contract signed by members of a community” (Saussure, 1966).  More than one decade ago, seminal computer simulations were carried out to demonstrate that natural selection (MacLennan, 1991) or, alternatively, learning  (Hurford, 1989) could lead to the emergence of ideal communication codes (i.e., one-to-one  correspondences between objects or meanings and signals) in a population of interacting agents. Typically, the behavior pattern of the agents was modeled by (probabilistic) finite state machines. The work by Hurford, in particular, set the basis of the celebrated Iterated Learning Model (ILM) for the cultural evolution of language (Smith et al, 2003).  In those studies, language is viewed as a mapping between meanings and signals. The abovementioned ideal codes that emerge from the agents interactions are examples of non-compositional or holistic communication, in which a signal stands for the meaning as whole. In contrast, a compositional language is a mapping that preserves neighborhood relationships – similar signals are mapped into similar meanings. The emergence of compositional languages in the ILM framework beginning from holistic ones in the presence of bottlenecks on cultural transmission was considered a major breakthrough in the computational language evolution field.  Our aim in this contribution is twofold. First, we  show that in practice, though contrasting at first sight, the cultural evolution approach in which the offspring learn their language from their parents (or from other members of the community) differs very little from the genetic approach, in which the offspring inherit their communication ability from their parents. For instance, errors in the learning stage or the inventiveness associated to bottleneck transmission have the same effect of mutations in the genetic approach.  Second, we show, through extensive simulations of language evolutionary games,  that once an ideal communication code, say a holistic one, is established in the population, i.e., all individuals use the same code, it is impossible for a mutant to invade, even if the mutant  uses a better code, say, a compositional one.  This is essentially the Allee effect (Allee, 1931) of population dynamics which, for instance, prevents a population of asexual individuals of being invaded by a sexual mutant. The ILM circumvents this difficulty by assuming that the population is composed of two individuals only, the teacher and the pupil, and that the latter always replaces the former.  However, according to Saussure (see quotation above), this is not an acceptable framework for language.  The solution of the conundrum - how a compositional code can evolve in a population of agents that communicate through a holistic code - may give  a clue on the  interplay between  cultural and genetic  mechanisms in the evolution of language as well as support the viewpoint that language can in principle emerge from animal communication.
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� Here we take the more conservative viewpoint that language evolved from animal communication rather than from animal cognition.





