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Abstract

This project investigates the emergence of nonlinear and chaotic dynamics in microbial population models
using purely computational and mathematical approaches. Reaction diffusion systems, logistic growth equations,
and Lotka-Volterra style interactions are implemented to study how diffusion, growth rates, carrying capacity,
and initial conditions shape population behavior over time. By systematically varying parameters and introducing
small perturbations, the model explores sensitivity to initial conditions, bifurcations, and transitions between stable
equilibria, oscillations, and irregular dynamics. Numerical simulations generate time series data, phase space plots,
and bifurcation diagrams, with chaos quantified using metrics such as Lyapunov exponents. While the current
framework is intentionally simplified and limited in its biological realism, it functions as a controlled environment
for isolating mathematical mechanisms that produce complex behavior.
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