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Abstract. In this work, we examine the mathematical analysis and numerical sim-
ulation of pattern formation in a subdiffusive multicomponents fractional-reaction-
diffusion system that models the spatial interrelationship between two preys and
predator species. The major result is centered on the analysis of the system for lin-
ear stability. Analysis of the main model reflects that the dynamical system is locally
and globally asymptotically stable. We propose some useful theorems based on the
existence and permanence of the species to validate our theoretical findings. Reliable
and efficient methods in space and time are formulated to handle any space fractional
reaction-diffusion system. We numerically present the complexity of the dynamics that
are theoretically discussed. The simulation results in one, two and three dimensions
show some amazing scenarios.
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1 Introduction

Multicomponents system where species share common resources have drawn much at-
tention of researchers dated to the pioneering work of Holt [33] based on apparent com-
petition [41, 45, 56, 61]. Over the years, reaction-diffusion systems arise from the study of
multi-species Lotka-Volterra interactions such as the predator-prey, competition, mutual-
ity and food-chain models have been the subject of great interests [15, 18, 21, 25, 33, 37, 38,
41, 51]. Recently, many authors studied three-species population dynamics with various
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functional responses, impulsive effects, time delays and stage-structures (see, for exam-
ple, [16,22,23,28,32,52,56,63]) and obtained some results on permanence, global existence
of solution, asymptotic stability, or instability of the nontrivial states and periodicity of
solutions. In the present paper, we extension to the study of population dynamics from
two species predator-prey model to a three species space fractional reaction-diffusion
systems consisting of two preys and one predator with impulsive effect.

Many ecological processes are governed by the fact that they experience a sudden
change of state at certain moment of time. These processes evolve as a result of short-
time perturbation with a very small time-lag in comparison with the period of the pro-
cess. In natural sense, it is reasonable to assume that perturbation arise in the form of
impulse, and most biological phenomena involving pharmacokinetics systems, thresh-
olds and optimal control models exhibit some kind of impulsive effects. Various work
has been done where impulsive control strategy is utilized to investigate the behaviour
of the predator-prey dynamics, see [34, 53, 57, 58, 61, 62, 64] and references therein.

The ecological implication of the systems involve three species U, V and W, where
W is the predator that feeds on both preys U and V. This type of ecological systems best
describe the spatial interactions between the prey and predators among many biological
species. Let u(x,t), v(x,t) and w(x,t) be the corresponding scaled density functions of U,
V and W, respectively at position x and time t. Then the ecological equations governing
their density functions are given in the form of Lotka-Volterra type which consist of two
preys and one predator with impulsive effect. A coupled fractional reaction-diffusion
system of n (n ≤ 3, n integer) species which interact in a nonlinear fashion and diffuse
may be modelled by the equations

ut−D1∆η/2u= f (u,v,w), (1.1a)

vt−D2∆η/2v= g(u,v,w) in Ω×[0,∞), t 6=T(ǫ), (1.1b)

wt−D3∆η/2w=h(u,v,w), (1.1c)

B[u]=B[v]=0, B[w]=S on ∂Ω×[0,∞), t=T(ǫ), (1.1d)

u(x,0)=u0(x), v(x,0)=v0(x), u(x,0)=u0(x), (x,t)∈Ω, (1.1e)

where the local kinetics are given as

f (u,v,w)=τ1u

(
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)

−
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, (1.2a)

g(u,v,w)=τ2v
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, (1.2b)

h(u,v,w)=
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and ∆ denotes the Laplacian operator in one, two or more dimensional space, ∆η/2 stands


