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CROWDS AS ACTIVE MATTER 

One of our primary goals is to uncover the collective 
dynamics of interacting humans and animals using 
principles of physics. In essence, we aim to describe 
large groups of animals and human crowds as active 
continua. 

While computer algorithms can generate stunning 
visual impressions of bird flocks, fish schools, and 
human crowds, understanding and predicting their 
collective dynamics involves more than visual 
resemblance. To date, predicting how large groups 
respond to physical, social, or biological stimuli  
remains a significant scientific challenge. 

We address this challenge by acquiring and analyzing 
unprecedented datasets on fish schools and bee 
colonies. Our primary objective is to explain their 
spontaneous fluctuations and their responses to 
predators. For an introduction to the type of questions 
we could address during your project, and the type of 
of concepts and tools we would use, you can view our 
initial study of human crowds as active fluids  here. 

PhD candidates are deeply involved at every stage of 
our investigations, from gathering data and imaging 
large-scale natural systems, to performing statistical 
analyses and developing predictive mathematical 
models. Master’s interns typically focus on analyzing 
data and contribute to the development of quantitative theories. 

We’d be delighted to discuss potential projects with you, either via Zoom or in Lyon.  
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Figure 10. Raw image: close-up of a dense colony. Corresponding velocity field measured by a standard
PIV method. The velocity field is resolved at the sub-bee level. Color indicates the orientation of the
flow. Orientation field overlaid with the raw image [37]. The color indicates the local orientation of the
bees.

"flows" on the wax-cell structure. Additionally, raw image-analysis tools [37] will provide access to the local
degree of alignment of interacting bees (see Figure 10).

A special focus will be placed on the coupling between the spatial organization of the bees and the wax
honeycomb they continuously build.

The bee detection algorithms (from task 1.1) will further allow us to measure the local density field.
Once the tracking and segmentation tools of WP 1 are available, we will investigate the homogeneity of
these active materials composed of particles (the bees) that interact both via contact and non-reciprocal
behavioral interactions (interactions that cannot be described by e�ective mechanical couplings). In other
words, we will determine whether di�erent cohorts behave as di�erent active media. From a dual perspective,
we will explore the possibility of distinguishing di�erent social behaviors from mesoscopic observations.

Crucially, our analysis will di�erentiate the state of the colonies at di�erent stages of their life cycles.
We will analyze series of images corresponding to each state independently, quantifying their di�erences and
transitions between these states.

As with all other tasks, we will ensure the robustness of our findings by combining results from four
independent colonies observed simultaneously.
Deliverables: Quantitative characterization of the structural and dynamical phase behavior of bee colonies
seen as active condensed matter.
Risk assessment: The only risk that we can foresee concerns the accuracy of the distinction between the
cohorts. None of the global analysis steps will be impacted.

Task 2.2: Honeycombs as active solids: growth laws and robustness

The second axis of this work package focuses on the construction of honeycombs.
We will initially investigate the robustness of honeycomb geometry. Unlike in [33], we will employ

prepatterned plates, as commonly used in Dadant hives, to examine the robustness of the cell structure. To
achieve this, we will utilize 3D printing techniques to pattern specific honeycomb lattices with varying levels
of disorder and periodic lattices of di�erent symmetries (e.g., square lattice, brick wall, quasicrystalline,
etc.). Subsequently, we will quantify the bees’ ability to correct defective structures and adapt their building
strategy based on the hive state.

Utilizing the same dataset, we will quantitatively characterize the spatiotemporal dynamics of honeycomb
growth and their filling rate for di�erent cell types (honey and brood). We will compare these kinetics
and growth patterns to the standard nucleation and growth processes of liquid-state physics. From these
comparisons, we will infer a scalar active matter theory describing the spatiotemporal dynamics of honey,
broods, and nutrient concentrations.

Finally, we will explore the impact of environmental factors on the geometrical robustness of honeycomb
structure and cell contents. This analysis will provide insights into whether we can assess the stress level
of a hive solely by inspecting the cell structure and contents. To disentangle the e�ects of multiple stress
factors, we will utilize standard statistical analysis and modern machine learning tools, consistent with the
approach in task 1.4.
Deliverables: Quantification of the geometrical robustness of the honeycombs with respect to environmental
changes. Determination to the coupled laws ruling the growth kinetics of honeycomb, broods, honey and
nutriments.
Risk assessment: We do not foresee any technical risk.

Task 2.3: Inferring the hydrodynamics modeling of bee colonies

From the positional inputs obtained in WP1, and armed with a quantitative characterization of their
large-scale structure and dynamics, we will be able to constrain the continuum models describing the
spatiotemporal evolution of the density, velocity, and orientation fields of the bees.

Members of the team have successfully employed a similar approach to infer the so-called generalized
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Top: A physicist induces a perturbation to the 
organization of fish school. (D. Bartolo). Bottom: Bee 
colony in an instrumented beehive. (ANR BeeHavior 
project).
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