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A Unified Theory of Individual Variation in Collective Behaviour

The natural world abounds with animals associating with others of their species in groups, which can be as
transient as flocks of birds, as persistent as the perennial colonies of ants, or intermediate, such as people engaged
in business enterprise. The behaviour of individuals cooperating in groups combines to form the collective behaviour
of the group. Evidence is accumulating that, even when the group members appear similar, as with honeybees,
individuals are highly variable. For example, honeybees vary in their readiness to perform different tasks. It is clear
that such variation must be useful, otherwise natural selection should have eliminated it. Variation enables some
individuals to be specialists at particular tasks, either because they develop the morphology (e.g. the jaws of soldier
ants) or become highly skilled (e.g. the flower handling of foraging bees). However, too much specialisation would
reduce group flexibility, so that if conditions change the group may perform certain tasks poorly. In this project, |
will review the characteristics of animal groups to elucidate the ecological factors that influence the extent of
specialisation. | will then construct mathematical models to make predictions about how individual variation will be
affected by factors such as task number, environmental changeability, group size and relatedness amongst group
members. These models will also predict how specialisation happens, such as in the morphology of bodies or in the
development of behaviour. This body of theory will unite currently separate studies of persistent groups of related
individuals (e.g. army ants), on the one hand, with transient groups of unrelated individuals (e.g. foraging fish), on
the other. By synthesizing mechanistic and functional approaches to understanding individual variation in collective
behaviour, this work will have implications for the design of artificial systems and for business enterprises.

Recommended Reading

Higginson, A. D., T. W. Fawcett, P. C. Trimmer, J. M. McNamara, and A. I. Houston (2012). "Generalized optimal risk
allocation: foraging and anti-predator behavior in a fluctuating environment." Am Nat 180: 589-603.

Daly, D., A. D. Higginson, C. Dong, G. D. Ruxton, and M. P. Speed (2012). "Density-dependent investment in costly
antipredator defences: an explanation for the weak survival benefit of group living." Ecol Lett 15: 576-583.

Higginson, A. D. and G. D. Ruxton (2010). "Adaptive changes in size and age at metamorphosis can qualitatively vary
with predator type and available defensive responses.” Ecology 91: 2756-276G8.



Higginson, Andrew (London,2025)

Group size and labour demands determine division of labour as a consequence of demographic stochasticity

Higginson, Andrew (Dordrecht [u.a.],2023)

Tests of reproductive skew theory : a review and prospectus

Higginson, Andrew (Oxford,2021)

Incorporating thermodynamics in predator—prey games predicts the diel foraging patterns of poikilothermic predators

Higginson, Andrew (2017)

Florivory as an opportunity benefit of aposematism

Higginson, Andrew (Berlin, Heidelber, New York,2017)

Conflict over non-partitioned resources may explain between-species differences in declines: the anthropogenic
competition hypothesis

Higginson, Andrew (2016)

Adaptive use of information during growth can explain long-term effects of early life experiences

Higginson, Andrew (2016)

The influence of the starvation-predation trade-off on the relationship between ambient temperature and body size
among endotherms

Higginson, Andrew (2015)

Evolution of a flexible rule for foraging that copes with environmental variation

Higginson, Andrew (Amsterdam [u.a.],2015)

Foraging mode switching : the importance of prey distribution and foraging currency

Higginson, Andrew (Berlin,2015)

The influence of the food-predation trade-off on the foraging behaviour of central-place foragers



