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Focus: How Animals Avoid Each Other
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Foraging animals or other randomly moving entities can more easily avoid each other by taking more long-
distance jumps, according to theoretical results, which may also apply to epidemics and database searches.

Vicious Lévy Flights
Igor Goncharenko and
Ajay Gopinathan
Phys. Rev. Lett. 105,
190601 (2010)

Published November 5,
2010

National Geographic/Punchstock

APS (7 A1) FK) web page KYEEE  https://physics.aps.org/story/v26/st20 2



References

1. N. E. Humphries et al., “Environmental Context Explains Lévy
and Brownian Movement Patterns of Marine Predators,”
Nature (London) 465, 1066 (2010)

2. F.Bartumeus, J. Catalan, U. L. Fulco, M. L. Lyra, and G. M.
Viswanathan, “Optimizing the Encounter Rate in Biological
Interactions: Lévy versus Brownian Strategies,” Phys. Rev.
Lett. 88, 097901 (2002)

3. J. Cardy and M. Katori, “Families of Vicious Walkers,” J. Phys.
A 36, 609 (2003)

https://physics.aps.org/story/v26/st20[2015/11/20 11:33:02]



Going separate ways. New calculations could help uncover
whether spider monkeys have adapted a foraging pattern that
avoids run-ins with other monkeys. The theory could also apply

to molecules diffusing in turbulent fluids or search strategies in
large databases.



The standard example of a random walk is a drunk man stumbling
away from the bar in random directions for each step. Textbooks
show calculations of various quantities, such as the time it takes
the drunk to travel some distance or the likelihood that he returns
to his starting point.

In the 1980s, researchers added a sinister twist:
they imagined several drunks on the streets, each carrying a gun.

If two of these so-called “vicious” walkers met, they would shoot
each other.

This scenario may mimic real physical situations, as in the random
movement of domain boundaries in a magnet. Wherever two
boundaries meet, they annihilate each other because there is no
longer a domain between them.
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M. E. Fisher : Walks, walls, wetting, and melting,
J. Stat. Phys. 34, 667--729 (1984)
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Peace-keeping probability

survival probability
(probability that
all N particles survive up to time t)



A time

oncollidin
\ :B >
xl JC2 x3 xN X

(1 &xiw)ﬁmnﬁaﬁﬁwlﬁlmﬁ ]



® ° ve - ) ° eee *
" 4 * ¢ L e ° ¢ s ® o
° e ..: .0 .... * .:.!0 .... : ....'...0.0 ...I.
e @ . * oo ® . ®e Lo . e ¢ LR (] °
e o° o ® * o, ..' y : .. . * o % . ) “® .
® o o 'S :.0 me .... ° , :l.. .. :. ... . .... .I .o .‘
e * o ,.°* .® » L) ‘ »ee o ¢ R . . °
. o oo’ o . .« . o . %, . R L A
o'.‘ * . o e o , . .... Ky e®e® o o %o
o °° & * LI ¢ % o LIPS I B '..' . o.oo. .
Fl ® 0 0 -« F 4 °® L ) 0..0 ) ® b ° e ®
. ¢ %o ? . ) ‘ “ % °** . e ® o %o
. e % ' e o "o . a® * « ® e o
° o o o, oo, o e o %o o L0 e o e * o
o® .$. ® . . .o e % o .. ¢ .
. % o s .o - e * oo .- oo . o ®e . . . : ° .: 0
s e ° s %e o, °* e o . ® , L o . ® .'.. ° s ® o L4
] ¢ ... ™ ..l o%e °® d ® o o o ¢ . b
e L0% .o‘“ ® « 8 ‘o ¢ Soe : g
o* o ... ! .. * oo’ ¢ : .' l. *%e .: e * .o. ® o
. ® e o ¢ ¢ . .. L ® - ¢ *. - e o
[ 1 : Poisson silife. Vi bod—Ek X2 T X LTHNOBEFE -
7 A LR ROEIETH D0, EBLL OEAMS A E L TEIIND

T2 B VIR 59 A7 OO ZE [a] 1Y 72 AL 2 Ginibre samfe. RiA-RIZ R IR AAFE
MRS, MAMBE, BEADTREIRL TND.
ChiFEE XX T &R C.)

2Rt EDFRGIEA D TDRIE



1. Vicious Walker (8%) SR8
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Lemma l.1l
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Theorem 1.1
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Theorem 1.1
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Figure 1.2. Some typical level sequences. From Bohigas and Giannoni (1984). (a) Random levels
with no correlations, Poisson series. (b) Sequence of prime numbers. (¢) Slow neutron resonance
levels of the erbium 166 nucleus. (d) Possible energy levels of a particle free to move inside the
area bounded by 1/8 of a square and a circular arc whose center is the mid point of the square;
i.e. the area specifi d by the inequalities, y 2 0, x > y, x < 1, and X+ },2 2 r. (Sinai’s billiard
table.) (e) The zeros of the Riemann zeta function on the line Rez = 1/2. (f) A sequence of
equally spaced levels (Bohigas and Giannoni, 1984).
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