
 

Modeling how a bird's individual speed is
regulated within a flock, such as during
murmurations
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Experimental evidence on starling flocks. a The equal-time space correlation
function of the speed fluctuations (for the definition of the correlation function
see the “Methods” section), plotted against the distance r between the birds
rescaled by the flock’s size L, for some typical flocks (each color corresponds to
a different flock); the fact that all the curves collapse onto each other indicates
that the spatial range of the speed correlation, namely the correlation length ξsp,
scales with L, i.e. that the system is scale-free (see also Fig. 3a, c). b Scatter plot
displaying polarization vs. mean speed of each flock in all recorded events; as the
polarization, Φ=(1/N)|∑ivi/vi|Φ=(1/N)|∑ivi/vi|, is quite close to 1 for all flocks, it
is more convenient to plot 1−Φ in log scale. Data show that starling flocks are
highly ordered systems, incompatible with the standard notion of near-criticality
(green points correspond to medians over time, error bars to median absolute
deviations). The probability distributions of polarization and mean speed are
reported in panels c and d, showing that the typical mean group’s speed is 12 m
s−1, with fluctuations of about 2 m s−1. Credit: Nature Communications (2022).
DOI: 10.1038/s41467-022-29883-4

A team of researchers at Istituto Sistemi Complessi, Consiglio Nazionale
delle Ricerche, UOS Sapienza and a colleague from IMT Institute for
Advanced Studies has created a model that demonstrates how flocking
birds regulate their speed. In their paper published in the journal Nature
Communications, the group describes their mathematical model and its
performance when compared against video of real birds.

Prior studies of bird flocking behavior, particularly during
murmurations, has led to discoveries regarding flock integrity
maintenance, even during rapid changes in direction. Studies to better
understand individual bird behavior were based on linear models
describing how each of the birds in a flock manage their flying speed.
But these models cannot explain how flying birds in a flock can
influence one another over long distances or account for speed
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variability within groups inside of a flock.

In this new effort, the researchers used a statistical field theory approach
that ignores small deviations in speed and suppresses those that are large,
resulting in a model that could take these variables into account. The
researchers also accounted for individual bird size and for flocks of
different size, ranging from 10 to 3,000 members. They ran simulations
using their model to portray the action of flocks of birds in flight, and
even during murmurations.

The researchers then analyzed the trajectories of individual birds in real
starling flocks recorded on video and compared them to the actions
taken by birds in their simulation and found them to be similar. They
demonstrated that the model was able to reproduce correlations between 
birds represented in their model and those in the real world on a large
scale. They acknowledge, however, that speed confinement may not be
the only factor involved in maintaining flock integrity.

The group suggests their model adds a deeper understanding of group
dynamics in general and could prove useful to roboticists attempting to
get drones to carry out actions such as those seen in murmurations.

  More information: Andrea Cavagna et al, Marginal speed
confinement resolves the conflict between correlation and control in
collective behaviour, Nature Communications (2022). DOI:
10.1038/s41467-022-29883-4
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