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Abstract

Computer models of evolutionary phenomena often
assume that the fitness of an individual can be eval-
uated in isolation, but effective communication re-
quires that individuals interact. Existing models di-
rectly reward speakers for improved behavior on the
part of the listeners so that, essentially, effective
communication is fitness. We present new models in
which, even though ““speaking truthfully” provides
no tangible benefit to the speaker, effective commu-
nication nonetheless evolves. A large population is
spatially distributed so that “‘communication range”
approximately correlates with ““breeding range,” so
that most of the time “you’ll be talking to family,”
allowing kin selection to encourage the emergence
of communication. However, the emergence of al-
truistic communication also creates niches that can
be exploited by “information parasites.” The new
models display complex and subtle long-term dy-
namics as the global implications of such social di-
lemmas are played out.

1 Models of the Evolution of Communication

Although schoolbook treatments often leave the impression
that Darwinian evolution is about never-ending competition,
a ceaseless struggle for survival by individual creatures in a
nasty environment, it doesn’t take much wide-eyed observa-
tion of the natural world to see that cooperation among indi-
viduals also plays a huge role. Using communication to ac-
complish tasks is a central example, as many other forms of
cooperation presuppose a means of communication.

“Communication” is a very broad concept; here we focus
only on evolutionary issues related to sending and receiving
initially arbitrary signals about a shared environment. Focus-
ing on signals avoids the complexities of syntax and compo-
sitional semantics, while initial arbitrariness excludes certain
degenerate cases — a sudden change in direction, for exam-
ple, might be an“incidental communication” to others that a
predator is approaching. Though this may actually be the
most prevalent means by which information moves between
individuals, for present purposes it is uninteresting since such
behavior presumably will be selected for even if the individ-
ual is alone.
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We also wish to eliminate the possibility of “mimetic seman-
tics,” wherein an emitted signal somehow imitates the stim-
ulus it represents, as in the use of a hissing sound to denote a
snake. Such signals may be non-trivial from an evolutionary
point of view, if they provide no direct value to the signaller.
The question of why such signalling would evolve thus aris-
es, and that is indeed the central question we wish to explore.
However, although the motivation for sending a mimetic sig-
nal is non-trivial, the mechanism for understanding it is de-
generate. Initial arbitrariness forces us to consider the harder
problem of evolving both “speaking” and “‘understanding”
abilities simultaneously.

There are, principally, two recent simulation models of the
evolution of communication (MacLennan, 1991; Werner &
Dyer, 1991; see also Hutchins, 1991, for an interesting but
less closely related model), and it is useful to compare them
briefly with the approach we are taking. MacLennan (1991)
considers a population of simple machines, represented ge-
netically (and phenotypically) by truth tables, and creates a
shared environment through which the machines can pass ini-
tially arbitrary signals. A mostly conventional genetic algo-
rithm (Holland, 1975; Goldberg, 1989) is used to evolve the
population, based on a scoring function that measures how ef-
fectively communication is being used by the machines. Cru-
cially, for our present purposes, the scoring function is such
that the speaker, as well as the listener, is rewarded whenever
a “match” occurs, meaning that the listener performed an ac-
tion appropriate to the stimulus the speaker saw. One could
imagine a circumstance where “truthful speech” by a speaker
and “right action” by a listener causes food to rain down on
both. MacLennan observes effective communication evolv-
ing in his machines, but other phenomena typically associat-
ed with communication do not occur. Lying, for example, is
utterly pointless under such conditions: either both parties
benefit or neither does.

The model of Werner & Dyer (1991) is different in a number
of respects. Unlike MacLennan’s model, there is no explicit
scoring function; instead, effective communication allows
“males” to find “females” more rapidly and thus increases
the reproductive rate of individuals that communicate com-
pared to those that do not. One could imagine this as a sort of
“firefly” model, in which females in the grass below signal
to males flying above, using basically arbitrary signals for
more efficient mate-finding. In principle at least, one could
imagine more subtle communication phenomena emerging in



























