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Collective motion is a fascinating observation where the ensemble of agents, such as bacteria or fish,
can be seen as a single living object that can deform, flow and merge only based on the self-propelled
motion of each agent and their short or long-range interactions. A wealth of approaches has been devel-
oped over the years to model such systems including discrete and continuous strategies.

In this new project, we focus on an original system that has barely
been studied in the frame of mechanics and not at all in terms of
rheology: a honeybee cluster.  When a colony divides, the queen
bee and thousands of worker bees swarm out of the hive and hang
outside for hours to days. The bees form a cohesive structure
similar to a liquid drop hanging on a wire (Fig. 1). An addi-
tional general observation from beekeepers is that, when a swarm is col-
lected, it can flow like a paste.

We will use approaches coming from the physics of complex fluids and crowds
to characterize the mechanical properties of this living material while the cog-
nitive state of the bees will be varied. The experiment is similar to a bead
rheometer to measure the effective mechanical response of bees under stress.
The bead will be equipped with a small camera in order to capture both the
macroscopic properties of the bee cluster and the microscopic reorganization
at the scale of single bees. This work will be setup in the Laboratoire FAST
in Orsay under the supervision of Carine Douarche and Hugo Perrin. Once
the device is ready, experiments on bees will be performed in Toulouse in
collaboration with Aurore Avargues-Weber in the Centre de Recherche sur
la Cognition Animale (CRCA).
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Figure 1: A. Natural bee
swarm (diameter 15cm).
B. Oil drop on fibers of ra-
dius 350 pm and 600 pm
(E. Lorenceau).
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