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Introduction

In species interactions, there is competition, understanding, or consumption of
one species by another (predator and prey). In ecology, the prey and predator
relationship is one of the most important of these interactions. There has been
extensive research on prey-predator models on both discrete and continuous
time scales. The results of some studies on discrete-time models suggest that
they are more suitable for population studies involving non-overlapping
generations or where the density of the population is low, compared with
continuous-time models. Furthermore, discrete-time models create much
richer dynamic phenomena than continuous-time models.

The history of discrete-time prey-predator models can be traced back to the
classic Lotka-Voltra model and has been studied by several authors. In this
paper we consider the following prey predator model with discrete time:

Xn+1 = axn(l - xn) - bxn)’n'
Yni1 = —CYn + dxp Yy, 1)

where x and y represent the population densities of prey and predator,
respectively, and a, b, c and d are positive parameters. Here a represents the
natural growth rate of the prey in the absence of predators, b represents the
effect of predation on the prey, c represents the natural death rate of the
predator in the absence of prey, and d represents the efficiency and propagation
rate of the predator in the presence of prey.

Material and Methods

This paper examines the bifurcations of model (1) numerically and
analytically. The critical coefficients for each bifurcation have been calculated
for analytical analysis of the bifurcations. The numerical analysis of the model
has been performed using the numerical continuation method.

Results and discussion

We investigate the dynamics of the discrete prey-predator model in the current
study. We demonstrate that model (1) undergoes codimension one
bifurcations, including transcritical and flip (period-doubling) bifurcations.
Additionally, codimension 2 bifurcations are known involving resonance 1:2,
1:3 and 1:4. It is thoroughly investigated the normal form coefficients along




with the scenarios for each bifurcation. Using numerical continuation
techniques, bifurcation curves are drawn for the fixed points. Moreover, the
numerical continuation confirms our analytical results, while also revealing a
richer dynamic of the model, particularly at higher iterations.

Conclusion
This research led to the following conclusions.
e The critical coefficients of bifurcations of the prey-predator model are
computed.
e Codimension one and codimension two bifurcations of the discrete-
time prey-predator model are thoroughly surveyed.
e The non-degeneracy conditions and the bifurcation scenarios are
analytically analyzed.
e The bifurcations of the higher iterations up to the fourth iteration are
revealed.
e There is an excellent agreement between the analytical predictions
and the numerical observations.
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