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Early Warning Signs and Critical Transitions in Ecology: Corals, Theory, Pitfalls, and Advances

Alan Hastings (University of California, Davis)

Abstract:
It has become increasingly recognized in ecology and other sciences that systems with the potential for
multiple attractors are both common and important. Well studied examples include lakes which can exist in
either eutrophic or oligotrophic states and coral-algal-grazer systems which can be in coral or algal dominated
states. Models describing the dynamics can help in understanding when the systems can have multiple stable
states, what the basins of attraction are, and how changes in parameters can affect the dynamics.

For the coral-algal-grazer systems simple ordinary differential equation models that ignore explicit spatial

arrangement are useful in elucidating the role of grazing in determining both the stable states and the
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response of the system to changing conditions. These systems thus provide an example of the more general
phenomenon that small changes in external forcing can cause large changes in a system, otherwise known
as a critical transition or regime shift. Studying such changes requires stochastic models, and the search for
signals of impending regime shifts has been a very active area of scientific inquiry.

The typical early warning signals all are classified as critical slowing down, but many of the approaches
are based on heuristic approaches using the idea of a potential rather than rigorous derivations of expected
signals. A first important point is that there are systems with strong interactions that do not have a potential,
so early warning signals should not be expected and this is confirmed by computer studies. There are models,
such as the one describing the coral-algal-grazer dynamics, which do fit within the class of systems expected
to have a potential and a saddle node bifurcation.

Describing the dynamics of systems that are of the class that could exhibit early warning signals using
essentially the simplest stochastic model that can have multiple stable states, namely a one-dimensional
system with a saddle-node bifurcation, provides a tool for determining what early warning signals are
possible. Comparing models fit using maximum likelihood approaches that have a parameter changing in
time to ones without a changing parameter provides a well justified statistical approach for determining if
it is possible to see early warning signals of an impending regime shift. These ideas can be applied both to
computer generated data and to examples of observed regime shifts in natural systems as a way to test the

utility of the approach.
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