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Extended Abstract

In this work, a discrete version of the Lotka-Volterra equations (4) was used
to model competition between two species. Denoting the populations of the two
species at time n by xn and yn respectively, it is possible to derive a discrete time
two-dimensional quadratic system of equations represented by the map T : R2

+ →
R2

+ where T (xn, yn) = (xn+1, yn+1) with

xn+1 = axn(1− xn − syn),

yn+1 = byn(1− yn − txn),

where a and b represent the growth rates of the species and s and t are the interspe-
cific competition parameters. When s and t are both less than 1 the self-limiting
terms of the map dominate the eventual evolution of the system. In contrast to
this, when s and t are both greater than 1, competition between the species plays
a more important role and thus has a more significant effect on the overall evolu-
tion of the system. The mixed case of one competition parameter greater than 1
and the other less than 1 is also possible. Depending on which situation is being
examined it is possible for either the coexistence of both species or the extinction
of one or other of the competing species to occur.

It is obvious that several outcomes are possible in this type of system but in gen-
eral these outcomes can be classified under the group headings of “permanence”(2)
and “competitive exclusion”(1). Permanence occurs within a two species system
when it is possible for both the species to stably coexist. Competitive exclusion on
the other hand occurs within a competing species system when one of the species
is driven to extinction.

A significant problem arising in this system is that not all initial trajectories
starting in R2

+ are feasible trajectories of the system. An initial point in R2
+ is

said to have a feasible trajectory if the initial point and all future iterates of the
point, under the map T , remain nonnegative in both x and y. Knowing whether or
not there exists a feasible region and being able to calculate the structure of this
region are vital prerequisites to any discussion of permanence and exclusion in the
system.

The work of this thesis is concerned with investigating when feasible trajectories
exist and under what conditions the phenomena of permanence and competitive
exclusion are exhibited in the above discrete time system. The analysis of the
system is carried out using the Method of Critical Curves as well as traditional
methods in the fields of nonlinear dynamics and population dynamics. Since its
introduction, the Method of Critical Curves has proven to be an important tool in
the analysis of the global dynamical properties of noninvertible maps (3).
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