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From Disorder to Order

From Disorder to Order in Marching Locusts.

Buhl, J. and Sumpter, DJT and Couzin, ID and Hale, JJ and Despland, E.
and Miller, ER and Simpson, SJ

Science 2006; 312:1402-1406.



Experimental Setup
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Experimental Results

 (ollective motion

* Switching between two steady states: Clockwise and
Anticlockwise

* Noisy/Stochastic process

30 Locusts 60 Locusts



Stochastic Differential Equation
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Towards a model




A first attempt

Azx; = u; At,
= {G(@;*°) — u;(t) YA + AQn(u,*),
JETE

and G(z) = ﬁ{z + Bsign(z)}.

where uloc =

Collective Motion of Self-Propelled Particles: Kinetic Phase Transition in One Dimension.
Czirok et al. PRL 1999; 82(1):209-212.



Model data comparison

Experimental data
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Inherent Noise

Inherent noise can facilitate coherence in collective swarm motion.
Yates, C.A. and Erban, R. and Escudero, C. and Couzin, I.D. and Buhl, J. and Kevrekidis, 1.G. and
Maini, P.K. and Sumpter, D.J.T.
PNAS 2009; 106(14):5464.



Vlodel Revision
Recall the velocity update equation,

= {G(;°°) — u;(t) }At + AQn(u;*),

Previously n(u!°¢) = 1.

—loc 2
We now make n(°¢) = % {1 — (|ulgé| ) }7

max

loc

where |4,°¢|max 1s the maximum of the

absolute value of the mean velocity.



Revised model causes locusts
to stay together for longer
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Cannibalism

Collective motion and cannibalism in locust migratory bands.
Bazazi S, Buhl J, Hale JJ, Anstey ML, Sword GA, Simpson SJ, Couzin ID
Curr. Biol. 2008; 18(10):735-9.






Potential impacts of cannibalism
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Summary

* Locust behaviour can be effectively
represented with a self-propelled particle
model.

* Increased individual randomness when
unaligned help the swarm stay together.

* Cannibalism — dangerous to fall out of
line as sides are vulnerable.
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