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Abstract Ecosystems sometimes shift between different states
or dynamic regimes. Theory attributes these shifts to multiple
ecosystem attractors. However, documenting multiple ecosystem attractors is difficult, particularly at spatial and temporal
scales relevant to ecosystem management. We manipulated the
fish community of a lake with the goal of causing trophic
cascades and shifting the food web from a planktivoredominated state to an alternate piscivore-dominated state. We
evaluated evidence that the shifts in the fish community comprise alternate attractors using two complementary approaches.
First, we calculated phase space trajectories to visualize the
shift between attractors. Second, we computed generalized
autoregressive conditional heteroskedasticity (GARCH)
models and the Brock–Dechert–Scheinkman (BDS) test for
linearity. The reconstructed phase space trajectories show the
system departing a point attractor, entering a limit cycle, and
then shifting to a new point attractor. The GARCH and BDS
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results indicate that linear explanations are not sufficient to
explain the observed patterns. The results provide evidence
for alternate attractors based on high-frequency time series of
field measurements.
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Introduction
Ecosystems sometimes shift between different states or dynamic regimes (Scheffer et al. 2001; Scheffer and Carpenter
2003). For example, savannas shift to deserts, lakes shift from
clear water to algae blooms, and fisheries shift from thriving to
collapsed (Scheffer et al. 2001). These shifts are sometimes
attributed to shifts among multiple attractors (Holling 1973;
Scheffer and Carpenter 2003). Multiple attractors potentially
explain sudden, dramatic ecosystem changes as well as failures to predict or reverse unwanted changes (Scheffer et al.
2001; Scheffer and Carpenter 2003; Suding et al. 2004).
However, empirical tests for the existence of multiple ecosystem attractors are difficult and consistent evidence remains
elusive (e.g., Carpenter and Pace 1997; Scheffer et al. 2003;
Schröder et al. 2005; Mittelbach et al. 2006; Persson et al.
2007; Hobbs et al. 2012; Schröder et al. 2012). Laboratory
experiments on model systems document multiple attractors
(e.g., Fussmann et al. 2000; Dai et al. 2012), but complex
patterns and variability in field data have led to disagreement
over the existence and importance of multiple attractors in
ecosystems (e.g., Carpenter 2001; Biesner et al. 2003; Hsieh et
al. 2005; Mittelbach et al. 2006; Mumby et al. 2007; Hsieh et
al. 2008; Bruno et al. 2009).
Evidence for existence of multiple ecosystem attractors
comes from several types of studies in a variety of systems
(Scheffer and Carpenter 2003). For example, Scheffer et al.

