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ABSTRACT

Most of the ecological systems are nonlinear in nature, and many of them are full of
complexity and disorder. Mathematical modeling of these systems is an essential tool to
understand the dynamical behavior of the system. Mathematical models are governed
by nonlinear differential equations and exhibit various complex dynamics, including
limit cycle, period-doubling, and chaos. Chaos in biological systems leads to serious
imbalances and even collapse of ecosystems. This necessitates the study of the control
of chaos. Chaos control methods stabilize unstable periodic orbits (including unstable
equilibria) or reduce the leading positive Lyapunov exponent of the dynamical system.
If chaos is controlled in a food chain system, then the species can change the system’s
irregular behaviour and bring the system’s dynamics to an equilibrium state. Also, the
obtained results will contribute to constructing an effective control policy to make the
system permanent. Motivated by this, we have controlled chaotic dynamics in food
chain models using various ecological factors, namely, fear effect, Allee effect, refugia,

and cannibalism.

Spatial distribution of species is an interesting topic in population ecology,
especially with community and landscape points of view. Different factors are
responsible for the heterogeneous spatial distribution of population, for example, biotic
factors such as predation and vegetation and abiotic factors such as rainfall, temperature
and altitude. Reaction-diffusion systems represent these spatial processes along with
the temporal evolution of species and lead to pattern formation phenomenon. Pattern
formation is one of the typical features in ecosystems, which can characterize the

relationship between population and space-time structure and monitor the functioning
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of ecosystems. Hence, in order to understand the interaction between the temporal and
spatial processes, and distribution of the species, we have spatially extended food chain

systems and performed pattern formation analysis.

In this thesis, we have formulated deterministic mathematical models to study
the impact of various ecological factors, namely, Allee effect, cannibalism, fear effect,
group defense, and refugia, on the system dynamics and pattern formation. We
have investigated two types of dynamical systems in population dynamics, namely, (i)
Temporal system, modeled via the system of nonlinear ordinary differential equations
(ODE) and (ii) Spatially extended system, modeled via the system of nonlinear parabolic
partial differential equations (PDE). In the case of temporal systems, the prey-predator
model and food chain models are analyzed with the aid of the theory of differential
equations and dynamical system tools such as stability, bifurcation, persistence and
permanence. Biologically relevant equilibrium points are obtained for each model
system. Linearization method, Lyapunov function and center manifold theory are
used to obtain the local stability of the system. The existence of Hopf bifurcation is
proved, which occurs due to local birth and death of periodic oscillations. Moreover, its
directions are measured using the normal form theory. Persistence and permanence of
the system are shown to predict the long-term behavior of the system. Positivity and
boundedness are also presented for the proposed dissipative systems. The nonlinear
systems exhibit chaotic dynamics, which are successfully controlled using ecological
factors. The spatiotemporal systems are also analyzed, where Turing instability and
Hopf bifurcation are proved to ensure the existence of Turing and non-Turing patterns.
Various types of patterns such as hot-spot, cold-spot, labyrinth and stripe patterns

are obtained in one and two-dimensional spatial domains. Spatiotemporal chaos is



investigated in spatially extended systems. Numerical simulations are performed to
understand the system dynamics and to demonstrate the impact of ecological factors

on temporal and spatial interactions.

Keywords: Dynamical system, Fear effect, Allee effect, Refugia, Group defense,
Cannibalism, Stable focus, Limit cycle, Period-doubling, Chaos, Local stability, Hopf
bifurcation, Persistence, Permanence, Turing instability, Turing patterns, Non-Turing

patterns, Spatiotemporal chaos, Numerical simulation
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