Editor's comments:

| want the Authors to :

1. Give one particular example form Ecology (or anywhere) which can be governed by their
system of equations in some circumstances.

2. Then explain what information they can give for that system from their results.

In other words | want to see some particular problem (not just interaction of species etc. ,what is
given in Murray's book) for which these results can be useful.

Authors’ feedback:

See in the introduction and section 4 result

Most of problems and phenomena in different fields of science occur nonlinearly. A reaction diffusion
equation has applications in fields of ecology, physics, chemistry and biology [1]. Nonlinearity of
reaction or diffusion term describes phenomena in the above fields. In ecology, the term "species
is used to represent different species of animals, microbes or plants etc. The species are assumed
to move in a random manner(modeled via the diffusion term). The competition between two species
is one of the important applications in ecology that can be translated mathematically as a reaction
diffusion system. The compefifion between species is for difierent resources, it can be for food, as
in the competition between red and grey Squirrels for same food, or between Ants and rodents for
seeds see [1]. In [18], the competition is taken to be between normal and malignant cells, where




the common resource can be considered fo be oxygen. A reaction diffusion system (1.1,1.2) has
nonlinearity in both terms,

up = Stz + Flu, v) (1.1)
vy = Sa{v)ve, — Glu,v), {1.2)

subject to the initial conditions

u{zx.0) = f(z) and v(zx,0) = g(z),

and the boundary conditions

fu = 22 ),

which are are zero flux boundary conditions. The functions « and « for example, in ecology represents
the two competing species, F(u,v) = u{l — u — v} and G(u, v) = —uv are the reaction terms. The
rest is the diffusion ferm, the term 1 — u in first equation is a logistic growth, and —uv describes a
competition between two species in both equations (the minus sign in —uv» means that both species
have a negative effects from competition). The self diffusion in (1.1,1.2) is the quadratic functions
Si(u) and Sa(v) multiplying by the diffusion term. The term seli-diffusion implies the movement of
individuals from a higher to lower concentration region (see for example [3, 2]). When Si(u) =
Saf{v) = 1, equation (1.1,1.2) reduced to a simple Noyes-Field model for the Belousov-Zhabotinskii
reaction which is studied widely in [4]. Equilibrium solutions are solutions that satisfied F'(u,v) =
G{u, v) = 0, which are here (u, v) = (0,0), (u,v) = (1.0) and (u, v) = (0, 1). Traveling wave solution
is a solution that connects stable equilibrium solution to other equilibrium solution. 1t describes how
two species (here « and «) are compete for resources. We will focus on the traveling wave that
connects two single species, stable equilibrium point (0, 1) to (1,0). This kind of wave also called
wave fronts (one of the species is the invader) shows that at the end one of the species is winning
and the other extincting during to the nature of equilibrium states it connects.

In this section we apply FEM COMSCL, HPM and VIM to the problem in order to find the traveling
wave solutions for (1.1)-{1.2) when S:(u) and S2(v) are non linear terms.
We consider a coupled system of reaction-diffusion equation with self diffusion

ity = u"!uu +ull —u—w) {4.1)
= tlﬁvn — uw (4.2)

Subject to the initial conditions of:

Fk.‘:

1

1-{:.1]] = m {44]
Where & is constant. The ecological situation we consider from initial conditions, Species u is native
and species v is introduced locally. The far field boundary conditions are therefore v — 1 and v — 0
as = — oc. S0 far we have assumed that in this model one species is native (species u here could be
for example Ants) and we introduce new species which could be the invader (species v, for example
the Bodents ). This is will cause an competition for food resources which can be described by the
traveling wave solution connect the equilibrium solutions as we mentioned before. Since the single
equilibrium solution (00, 1) is stable, we expect that species v will win.

ulz, 1) = (4.3)




