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Abstract. In this article we consider a reaction-diffusion model for the spreading of
farmers in Europe, which was occupied by hunter-gatherers; this process is known as
the Neolithic agricultural revolution. The spreading of farmers is modelled by a non-
linear porous medium type diffusion equation which coincides with the singular limit
of another model for the dispersal of farmers as a small parameter tends to zero. From
the ecological viewpoint, the nonlinear diffusion takes into account the population
density pressure of the farmers on their dispersal. The interaction between farmers
and hunter-gatherers is of the Lotka-Volterra prey-predator type. We show the exis-
tence and uniqueness of a global in time solution and study its asymptotic behaviour
as time tends to infinity.
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1 Introduction

The Neolithic migration of farmers in regions previously inhabited by hunter-gatherers
has been studied for a long time [1, 2]. In particular the Lotka-Volterra type system

{
Ft=dF∆F+rF F(1−F+aH),

Ht=dH∆H+rH H(1−H−bF),
(1.1)
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has been studied by [3]. In this model, the populations of farmers F and hunter-gatherers
H are assumed to diffuse freely and randomly by linear diffusion with constant diffusion
rates dF and dH throughout the region. Recently, Eliaš, et al. [15] have proposed a new
three component reaction-diffusion system





F1,t=F1(1−F1−F2)+sF1H−k(p(F1+F2)F1−(1−p(F1+F2))F2),

F2,t=d∆F2+F2(1−F1−F2)+sF2H+k(p(F1+F2)F1−(1−p(F1+F2))F2),

Ht=∆H+rH(1−H)−g(F1+F2)H,

(P k)

allowing to monitor the expanding farming population in terms of the sedentary and
migrating farmers denoted by F1 and F2, respectively. In Problem (P k), p= p(F) is the
probability density function which is included in the switching mechanism between the
sedentary and migrating farmers and which depends on the total density of the farmers
F=F1+F2. We assume that p satisfies





(i) p(0)=0,

(ii) p(F) is increasing in F,

(iii) lim
F→∞

p(F)=1.

A simple example is given by p(F) = F/(F+Fc), where Fc is the switching value of the
conversion between F1 and F2; more precisely, the probabilities of remaining sedentary
or migrating are both equal to 1/2 when F= Fc. Finally the parameter k>0 is the rate of
conversion between F1 and F2. In view of (i)-(iii), the model (P k) implies that whenever
the total density of farmers is low, the farmers prefer a sedentary lifestyle. On the other
hand, if the total density of farmers is high, then some of the farmers start migrating and
searching for new places favourable for sedentary life.

In this paper, we consider the special case when the rate of conversion k in Prob-
lem (P k) tends to ∞. Formal calculations show and we will prove in a forthcoming
article [14] that (Fk,1+Fk,2,Hk) converges to (F,H) as k→∞, where the triple (Fk,1,Fk,2,Hk)
satisfies Problem (P k) and (F,H) is a solution of the system

{
Ft=dF∆(p(F)F)+rF F(1−F)+sFH,

Ht=dH∆H+rH H(1−H)−gFH.
(1.2)

Unlike in the system (1.1), the diffusion of farmers may degenerate if p=0 in (cf. assump-
tion (i)). In this model, the Neolithic dispersal of farming in Europe takes into account
the population density pressure due to limited space and the advanced lifestyle resulting
in farmer overcrowding.

More precisely, we study the nondimensionalised model




ut=du∆ϕ(u)+ruu(1−u+av) in QT,
vt =dv∆v+rvv(1−v−bu) in QT,
∂ϕ(u)

∂ν = ∂v
∂ν =0 on ΣT,

u(x,0)=u0(x), v(x,0)=v0(x) x∈Ω,

(P)


