Social interactions, nonlinear dynamics
and task allocation in groups

One of the great intellectual revolutions
of the past 20 years - led in part by
ecologists like Robert May and former
ecologists like George Oster — has been the
development of nonlinear dynamics and
deterministic chaos!. A main message of
this work is that relatively simple but non-
linear mathematical relationships between
different state variables may lead to in-
credibly complex dynamical relations, and
that predicting the behavior of nonlinear
systems is fraught with difficulty. These
messages are somewhat depressing for
those who want to understand biology
using mathematics as a tool (versus those
who want to use biology to motivate math-
ematical studies).

A new paper by Stephen Pacala,
Deborah Gordon and Charles Godfray? in
Evolutionary Ecology is a refreshing alterna-
tive. In this work, they show that social
interactions, which are inherently non-
linear, may lead to order and division of
labor within groups. Although the motiva-
tions for their work are the social insects,
the conceptual foundations of this paper
are very broad.

The approach of Pacala et al. is based
on models that use relative standard
mathematical methods of ordinary differ-
ent equations (reminiscent, in fact, of the
Lorenz equations that generate determin-
istic chaos) and elementary stochastic pro-
cesses. This means that the results should
be accessible to a wide readership, even
though it may be tough going at some
points to understand fully what they have
done. Although I might quibble with the
choice of assumptions, some of the results
are quite new and extremely interesting.
The models involve individuals that can
perform one of a number of tasks (e.g.
foraging at different kinds of sites) for the
group. The behavior of a target individual
is determined by social interactions and
by environmental stimuli. Rather than as-
suming that individuals are fixed in the
task that they perform, Pacala ef al. allow
switching, which is commonly observed
in social insects in response to changes
in food supply, predation rates or nest
structure.

‘ It is also known that social insects

regulate the rate of interactions with con-
specifics. Interactions lead to the exchange
of information and this can affect both indi-
vidual fitness and colony fitness. Whether
an individual switches or not depends on
the success of the current task, an assess-
ment of the environment, and interactions
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with other individuals. The last criterion is
especially important: changes in the rate of
social interaction with population density
and changes of density with group size
(so that group size may influence the rate
at which individuals switch tasks) under-
lie their work. The mathematical models
then focus on the dynamics of the fraction
of the total population involved in different
tasks. The models involve the local popu-
lation density and a simple individual
assessment rule that determines whether
or not the current task is profitable.

Pacala et al. begin with evolutionary
(ultimate) arguments concerning maxi-
mization of individual or colony fitness.
They show that the evolutionary optimum
for individuals is a form of the ideal free
distribution in which all tasks that are per-
formed provide the same fitness pay-off to
individuals. On the other hand, the evolu-
tionary optimum for the colony is one
in which tasks that are performed yield
equal marginal benefits. One limitation of
evolutionary arguments is that proximate
mechanisms for attaining them are usu-
ally not described?. However, one focus of
the paper by Pacala et al. is exactly that
question. They show, in fact, that different
mechanisms for regulating group inter-
actions and for determining the success of
the current task can lead to either the indi-
vidual optimum or to the colony optimum,
or very close to these.

Another of their results, that larger
groups are likely to be more efficient in
tracking a changing environment than
smaller ones, is well known?. A less-appre-
ciated corollary that they also show is
that large groups may experience a dis-
advantage when information from social
interactions overwhelms that from the en-
vironment, and individuals consequently
continue in unprofitable tasks when they
should switch.

Their other main results are extremely
exciting. First, simple interactions among
individuals with limited abilility to process
information often leads to group behavior
that is close to the behavior predicted by
evolutionary optimization models. This re-
sult helps fortify the conclusion that sim-
ple proximate mechanisms can achieve
nearly optimal fitnesses55, Second, Pacala
et al. predict that organisms will regulate
per capita rates of social interaction as a
function of group size. Third, the effects
that they observe can occur in stochastic
models with groups even as small as ten
individuals.

NEWS & COMMENT

This new work also sheds light on the
outstanding conceptual problem in the
study of groups. At the present time, we
know much about the evolutionary or func-
tional advantages of group living”. How-
ever, as Niko Tinbergen?® noted years ago, it
is valuable to understand not only the ulti-
mate cause of a behavior but its proximate
mechanism. Currently, we know much
less about the proximate mechanisms for
group formation and fission. The work of
Pacala et al., especially if it is extended
from the context of social insects, has the
potential to provide a conceptual founda-
tion for the study of the proximate mech-
anisms of group formation. These insights
are complemented by recent work of Gene
Robinson and his colleagues®19, which pro-
vides an understanding of the actual (ver-
sus mathematical) mechanisms by which
social regulations of behavioral develop-
ment occurs in honeybee colonies. These
biological mechanisms involve worker—
worker interactions that mediate hormo-
nally regulated plasticity in the division of
labor?® within an overarching genetic com-
ponent to behavioral development!9,

In summary, then, Pacala ef al. show
that by regulating the rate of interaction
with conspecifics, individuals can solve
the problem of balancing environmental
stimuli and information transfer. This is a
welcome result.
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