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Abstract. In order to provide a general framework within which the dispersal
of cells or organisms can be studied, we introduce two stochastic processes
that model the major modes of dispersal that are observed in nature. In the
first type of movement, which we call the position jump or kangaroo process,
the process comprises a sequence of alternating pauses and jumps. The
duration of a pause is governed by a waiting time distribution, and the direction
and distance traveled during a jump is fixed by the kernel of an integral
operator that governs the spatial redistribution. Under certain assumptions
concerning the existence of limits as the mean step size goes to zero and the
frequency of stepping goes to ingnity the process is governed by a diffusion
equation, but other partial differential equations may result under different
assumptions. The second major type of movement leads to what we call a
velocity jump process. In this case the motion consists of a sequence of “runs”
separated by reorientations, during which a new velocity is chosen. We show
that under certain assumptions this process leads to a damped wave equation
called the telegrapher’s equation. We derive explicit expressions for the mean
squared displacement and other experimentally observable quantities. Several
generalizations, including the incorporation of a resting time between move-
ments, are also studied. The available data on the motion of cells and other
organisms is reviewed, and it is shown how the analysis of such data within
the framework provided here can be carried out.
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1. Introduction

Many theoretical analyses of the dispersal of cells or organisms are based on the
hypothesis that the movement of the dispersing species can be described as a

* Supported in part by NIH Grant #GM 29123 and by NSF Grant #DMS-8301840
** Supported in part by NSF Grant #DMS-8301840
*** Supported in part by the DFG Heisenberg Program



264 H. G. Othmer et al.

random walk in which there is no correlation between steps. In an appropriate
continuum limit the probability that an individual will be found at a given point
in space at a fixed time satisfies a diffusion equation without drift. As we shall
see, this process is the simplest example of what we call the space jump process.
In order to motivate the generalizations that are introduced in the following
sections, we discuss the standard approach to this process and to the simplest
example of a velocity jump process in this section. A more comprehensive
discussion of the use of diffusion processes in modeling spatial dispersal in
ecology is given in Okubo (1980) and in Levin (1986).

Consider a one-dimensional uniform lattice, and suppose that there is no
directional bias in the movement, by which is meant that the probabilities of a
step in either direction are the same. The probability that a walker beginning at
the origin is at site m after N steps is given by

. N
p(m,N)=5ﬁ N-m
2

where (-) is the binomial coefficient, which is understood to be zero if (N —m)/2
is not an integer (Chandrasekhar (1943), Feller (1968)). For large Nand m« N
an application of Stirling’s approximation leads to

[2 2
N)~q[—=e ™7V,
p(m, N)~[—=e

Let x = mA -and N = At, where A is the lattice spacing and /\ is the rate at which
steps are taken, and let

P(x,t) dep(A )«t) zd:
Then
P(x,t) dx L dx |
V2mAA ’

and if we let A >0 and A -0, while holding AA” = constant=2D, then

P(x, t) =———= e %74, (n

J4wxDt
Thus P is the fundamental solution of the diffusion equation, i.e. the solution of

oP &P
—=D? for xe R, teR*

(2)

P(x,0)=6(x)
where 8(x) is the Dirac distribution. The corresponding stochastic process is
variously called a diffusion process without drift, Brownian motion, or a Wiener
process. The most accessible statistic of such a process from an experimental









































































































