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Abstract

We study a predator-prey model with two time delays
describing the interactions between sea urchins (prey)
and crabs (predators). The model incorporates the Allee
effect on prey growth as well as toxic effects induced by
prey consumption on predators. Two delays are
introduced to represent the delayed defense
mechanisms of the prey and the reproduction time of
the predators. The analysis focuses on the local stability
of the coexistence equilibrium and the occurrence of
Hopf bifurcation with respect to the delays. Conditions
ensuring the emergence of periodic solutions are
derived when the delays pass certain critical values. By
applying the center manifold theory and normal form
method, the direction of the Hopf bifurcation and the
stability of the bifurcating periodic solutions are
determined.

Numerical simulations are provided to support the
theoretical findings and to illustrate the impact of time
delays on the system dynamics.
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