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Stochasticity and spatial structure significantly influence predator-prey dynamics
yet are often overlooked in traditional mean-field models. We conduct a comprehen-
sive comparison of three modeling methodologies for a spatial predator-prey system:
Monte-Carlo simulations of stochastic agent-based systems, deterministic mean-field,
and pairwise approximation.

We implement an agent-based model in which sheeps (preys) and wolves (predators)
experience stochastic movement, reproduction, and mortality.

We use this agent-based framework to systematically derive the relevant mean-field
equations assuming spatial homogeneity, as well as the pairwise model that incorpo-
rates nearest-neighbor correlations via moment closure approximations. We analyze
the three techniques under different parameter regimes, extinction events, and oscilla-
tory dynamics [1], [2].

Our results show that, while the mean field approximation qualitatively represents co-
existence regimes, it fails to accurately recreate stochastic extinction processes. For
certain parameter combinations, the pairwise model improves agreement with agent-
based Monte Carlo simulations by accounting for local correlation effects, although
discrepancies remain in substantially fluctuation-dominated regimes.
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