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Concluding perspectives
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Game theory
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Evolutionary Stable Strategies

Megafauna shape the environment
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Megafauna shape the environment

Herds, flocks, schools and ants
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Patchiness
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The boy, the balloon and the accelerating aeroplane

Going off the deep end?

Stochastic processes

Complex patterns emerge from simple rules
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Nature 381, 413 - 415 (30 May 1996); doi:10.1038/381413a0

Lévy flight search patterns of wandering albatrosses
G. M. Viswanathan*, V. Afanasyev†, S. V. Buldyrev*, E. J. Murphy†, P. A. Prince† & H. E. Stanley*

Measure the time distribution of 
foraging events

many short intervals interspersed 
with episodic long intervals 
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A

( )p μ−A ∼ A

μ = 1, ballistic – straight line motion

μ ≥ 3, Brownian – random walk 

1 < μ < 3, Levy walk 

A

( )p A
long tailed 
distribution

What is a Lèvy walk?

Theoretical analysis and numerical models ⇒

1(under certain conditions)

gives the most efficient search strategy1
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μ = 2 gives the most efficient search strategy 
for a nondestructive search!!

that is ...
forager can revisit the same target time after time

In a uniformly random target field, the optimal search 
strategy is go in a straight line – i.e. ballistically.

a zig-zag path: always some 
overlap in search volume 
irrespective of turning statistics

Poisson distribution of targets –
probability of finding a target is 
spatially uniform

no knowledge
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Target distributions are clumpy

if forager has just found a target, there is a 
high likelihood of another one being close by

if forager has not found a target  
recently, it is not likely there is one 
close by

this gives some rudimentary knowledge of 
the prey distribution

– concentrated search.

– don't waste time searching (go 
ballistic).

Target encountered
Consume it

search locally until time between 
encounters exceeds T

Swim ballistically
until target encountered

A simple behavioural algorithm
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Observed Lèvy search patterns are more likely to be 
the imprint of a patchy  distribution of targets than
determined by an inherent (i.e. evolutionarily 
determined) behavioural algorithm.

This behavioural algorithm will produce a 
pattern of movements that looks like a 
Lèvy walk, even though the behaviour itself 
has no Lèvy component

A simple behavioural algorithm

"If we are uncritical we shall 
always find what we want: we 
shall look for, and find, 
confirmations, and we shall 
look away from, and not see, 
whatever might be dangerous 
to our pet theories."

The Poverty of Historicism (1957) 

Karl Popper (1902 – 1994)
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