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Consider N ‘locusts . Each locust adjusts its behaviour according The drift coefficients for the model and the experimental We used our experimental observations to guide our modelling,
to the behaviour of neighbours found less than a distance R (the data (see Fig. 4 () and (b) respectively) compare well changing the noise term for individual locusts so that it
interaction radius) from it. Locust i’s behaviour is described by qualitatively. The diffusion coefficients, however, differ becomes larger when its perceived local alignment is smaller.
its position, x. = x;(t), and velocity, u. = u(t),i = 1,...,N.Ona significantly. For the experimental data the diffusion > This allowed us to match the diffusion coefficients of SDEs
one-dimensional domain (with periodic boundary conditions) the coefficient appears to have a quadratic shape, with its assumed to underlie the data and the model more accurately.
position and velocity evolve according to: maximum at zero average velocity. Thisresult indicates that the individuals move more
Az, = wAt, (1) ~Theincrease in the diffusion coefficient when group randomly in locust groups with low alignment. This appearsto
| aw = (@) - w)) A+ AQy (@) ) | > | agnmentislow indicatesthat the jocusts might respond to enable the group to find (and remain in) a highly aligned state
L ‘ v low group alignment by increasing the noisiness of their more easily. This may have important implications regarding

where At is the time step between successive position and motion. To test this hypothesis we refined the model. Instead of Qttempts to control the motion of locust swarms. /

Often we need only look out of the window to see the principles velocity updates. AQ is a random variable uniformly distributed taking the function » (multiplying the uniform random

of collective behaviour at work. Behaviours which capture our in [—VAtw/2,vVAtw/2], where o is the (constant) system noise variable, AQ, in the velocity update Eq. (2)) to be unity, we |

imaginations are bird flocks, fish schools, locust plagues and amplitude. @' isthe mean of the velocities of the particles local chose it to be anontrivia function of the local mean velocity, C ann | b al | S

bee swarms. As well as the aesthetically pleasing aspect of to (inside interaction radius, R, of) particlei and the function ) specifically:

watching a swarm in motion, studying collective behaviour has e — G : R — R ischosento be 3 alec 2

practical applications: understanding fish schooling can lead to 1 m “ . n (4) = 5 {1 - (W) } (6)

more well developed fishing strategies; a knowledge of the way > o5 M M ‘ [l G(z) = ; 2 sign(2) Y, | u a

locusts interact and stay together in devastatingly large, B . “ { | ' ‘ | + where ||, 4. _|sthe maximum of the absc_)l ute value of the

coherent groups may shed light on possible strategies which B o5 M | | where f is a positive constant and mean _I ocal_ vel oci ty. In El g 5 (c_) the qua_dratl C naturg of the

may be used to disrupt these groups and halt the swarm’s < W W W Ww W 7 (uf”°) = 1 initialy, so thelocal effective diffusion coefficient displayed in the experimental

destructive progress [1,2]. Thislast scenario is of particular PRIARA LA ‘ o average velocity measured does not data (see Fig. 5 (b)) isrecovered by the refined model.

interest for this work. T influence the size of the noise.

Experimental setup '

observation of apparently increased individual randomness

. - . Recent findings about cannibalistic interactions between
Com par | ng SD E COef f| Cl ent marching locusts [5] may provide arationalization for the

Groups of (between 5 and 100) locust nymphs were placed - - In response to aloss of alignment at the group level: given
in aring-shaped arena (see Fig 2 (a)) and their movements EffeCt Ive SD E fOI’ aver age Vel OCl ty . i the risk of exposing the rear of the abdomen to oncoming
recorded [3]. Low density (~20 individuals) groups aligned Qualitatively, the above model reproduces the switching = \‘/’\ X “ Insects [5], there may be selection pressure on an individual
and marched in one direction around the ring for up to 2 or 3 behaviour seen in the data (compare Fig. 2 (b) and Fig. 3). k o - to minimize the time spent in the disordered phase.
hours, before spontaneously switching direction in the space Switching behaviour of this type can also be reproduced using e 1 I e e I
of only afew minutes. a Stochastic Differential Equation (SDE) describing a diffusion ' ' ' — l
process in atwo-welled potential: — / \
s dU = F(U)dt + \/2D(U)dW (1), (3) Reference
, ~ - where F(U) isthe drift coefficient, D(U) isthe diffusion —
i j — | coefficient and dW(t) is the standard Wiener process. . _
By considering lots of small bursts of ssmulation or small data ”
time-courses we extract the coefficients of the coarse-grained 11: | 5
SDE numerically [1,4] . Initialising the mode! with adesired | | . JLAT—— Ot her Ref er ences
value of U and running the simulation for a short time, 6¢, we can 12 1© (2] Yates et al., Canadian Applied Mathematics Quarterly
The group property of average velocity, U, characterisesthe find the coeffici er:ts using, Accepted ’ |
locusts switching behaviour. |U |~1 indicates the locusts are F(U) ~ <L (t+ 52 - U() > | (4) 3] Buhl et al., Science 312, pp. 1402-1406 (2006).
aligned and marching in the same direction. Fig. 2 (b) gives R [4] Erban et al., J. Chem. Phys. 124(8), pp.1-26 (2006).
an example of spontaneous switching. D(U) ~ 5 < ( Sf (t > , (5) @ Bazazi et al., Curr. Biol. 18(10), pp. 735-739 (2008). /
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