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Multistate phenomena in ecological systems

J.V.Greenman 1 and T.G.Benton2 .

Even simple phenomenological models have surprising behaviour. Cycles
with massive amplification can be excited from stable equilibrium states
and stable equilibrium states out of unstable ones. n trophic-web models
subpopulations can be switched on and off by spikes in population at other
levels and extinction can result from excitation of stable coexistent states.
We study such multistate phenomena in both stage-structured [1,4] and
multi-layered systems [3,5] using nonlinear matrix models. The bifurca-
tion structure of these models is studied in a model-independent parameter
space to establish its generic nature. Accessibility to particular bifurca-
tions is limited by biological relevance constraints embedded in the inverse
mapping from model-independent to model-dependent parameter space.
Of special importance in the analysis is the family of Arnold’s tongues
and its connection with other bifurcation structures in 2x2 models and its
generalisation to 3x3 and higher dimensional models. Trophic-web mod-
els have added complexity due to the overlapping of unstable states at
different levels. The impact of this complexity on robustness against ex-
tinction is studied in both 2 and 3 level communities. Switching between
states is encouraged by the presence of both deterministic and stochastic
forcing [2]. Both effects have been analysed. In particular, rules govern-
ing the impact of periodic forcing on natural oscillatory states have been
identified.
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