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 Abstract

 Regime shifts in stochastic ecosystem models are
 often preceded by early warning signals such as
 increased variance and increased autocorrelation in

 time series. There is considerable theoretical sup
 port for early warning signals, but there is a critical
 lack of field observations to test the efficacy of early
 warning signals at spatial and temporal scales rel
 evant for ecosystem management. Conditional
 heteroskedasticity is persistent periods of high and
 low variance that may be a powerful leading indi
 cator of regime shift. We evaluated conditional
 heteroskedasticity as an early warning indicator by
 applying moving window conditional heteroske
 dasticity tests to time series of chlorophyll-# and

 fish catches derived from a whole-lake experiment
 designed to create a regime shift. There was sig
 nificant conditional heteroskedasticity at least a
 year prior to the regime shift in the manipulated
 lake but there was no significant conditional het
 eroskedasticity in an adjacent reference lake. Con
 ditional heteroskedasticity was an effective leading
 indicator of regime shift for the ecosystem manip
 ulation.
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 Introduction

 Statistical anomalies in time series, such as in
 creased variance and increased autocorrelation, are

 early warning indicators of ecosystem regime shifts
 (Scheffer and others 2009). The statistical proper

 ties of early warning indicators are well established
 by theoretical and simulation studies (for example,
 Carpenter and Brock 2006; van Nes and Scheffer
 2007; Guttal and Jayaprakash 2008). However,
 there are a variety of problems associated with
 detecting early warnings of regime shifts in real
 systems including large noise disturbances, obser
 vation errors, confounding trends in external per
 turbations, small sample sizes, and unknown
 mechanisms causing regime shifts. These difficul
 ties are typically minimized when simulated data
 are used to test early warning theory (Carpenter
 2003 Scheffer and others 2009; Seekell and others

 2011). Consequently, the efficacy of early warning
 indicators is unresolved because there is a critical

 lack of field-testing for early warning indicators,
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