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Abstract

This paper proposed a predator-prey ecological model with fear effect and additional food item, and
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conducted theoretical analysis and numerical simulation of its specific dynamic behavior. The
mathematical theory work discussed the positivity and consistent boundedness of model solutions,
the existence and stability of equilibrium points, and analyzed the sufficient conditions for the oc-
currence of transcritical bifurcation, saddle-node bifurcation, and Hopf bifurcation. The numerical
simulation results found that additional food item parameter and fear effect intensity were key fac-
tors for regulating the topological behavior of the system dynamics. Meanwhile, from the perspec-
tives of one-dimensional global bifurcation and phase plane trajectory, the intrinsic driving mech-
anisms of population growth coexistence modes, multi steady state transition, and catastrophic
phase transition were revealed. These research results could provide theoretical support for ex-
panding the research framework of complex nonlinear dynamics problems in predator-prey eco-
logical models.
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Figure 4. Bifurcation diagram of Model (1) as a function of the parameter f
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Figure 5. This phase diagram illustrates the dynamical behavior of Model (1) within the different intervals
shown in Figure 4
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