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A new approach for rapid detection of nearby thresholds  
in ecosystem time series
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Massive changes to ecosystems sometimes cross thresholds from which recovery can be difficult, expensive and slow. 
These thresholds are usually discovered in post hoc analyses long after the event occurred. Anticipating these changes 
prior to their occurrence could give managers a chance to intervene. Here we present a novel approach for anticipating 
ecosystem thresholds that combines resilience indicators with Quickest detection of change points. Unlike existing 
methods, the Quickest detection method is updated every time a data point arrives, and minimizes the time to detect 
an approaching threshold given the users’ tolerance for false alarms. The procedure accurately detected an impending 
regime shift in an experimentally manipulated ecosystem. An ecosystem model was used to determine if the method 
can detect an approaching threshold soon enough to prevent a regime shift. When the monitored variable was directly 
involved in the interaction that caused the regime shift, detection was quick enough to avert collapse. When the 
monitored variable was only indirectly linked to the critical transition, detection came too late. The procedure is useful 
for assessing changes in resilience as ecosystems approach thresholds. However some thresholds cannot be detected in 
time to prevent regime shifts, and surprises will be inevitable in ecosystem management.
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Recognition of an incoming nuclear missile is a case where 
fast detection is needed to address an impending significant 
event. During the Cold War, scientists developed a family of 
methods for quickest detection of change points, such as 
appearance of a missile on radar or a submarine on sonar 
(Shiryaev 2010). These methods, known as Quickest  
detection (QD) methods, employ a likelihood ratio for two 
models, one for the status quo (‘no submarine’) and one for 
a new and different situation (‘submarine detected’). At each 
time series step, the model likelihoods and their ratio are 
updated. When the updated likelihood ratio exceeds a detec-
tion threshold, an alarm is triggered. QD methods minimize 
the time to detection of a change point, given the user’s  
tolerance for false alarms. They are widely used to screen  
for changes in military activities, industrial processes, and 
financial systems (Lai 1995) and recently have been used for 
early detection of cyber attacks (Tartakovsky et al. 2006).

In ecology, a growing literature addresses indicators of 
approaching thresholds, or impending loss of resilience, in 
ecosystems. As an ecosystem moves toward a critical 
threshold, the stability basin flattens out so that perturba-
tions have larger effects, recovery from perturbations takes 
longer, and variance increases (Carpenter and Brock 2006). 
Rising variance is directly related to slower recovery from 
disturbance as the ecosystem approaches the threshold 

(Scheffer et al. 2009). In addition, variance can increase 
when shocks cause brief excursions into a different stabil-
ity basin, a phenomenon known as flickering (Brock and 
Carpenter 2010, Wang et al. 2012). Rising variance  
and autocorrelation prior to critical transitions is well- 
established in models and has been demonstrated for labo-
ratory microcosms and whole ecosystems (Dakos et al. 
2008, Drake and Griffen 2010, Carpenter et al. 2011, Dai 
et al. 2012, Seekell et al. 2012, Wang et al. 2012, Pace 
et al. 2013). It is important to note that rising variance 
and autocorrelation occur for many, but not all large  
transitions in ecosystems (Scheffer et al. 2009). For exam-
ple, a completely external disturbance such as an earth-
quake, volcanic eruption, tsunami or asteroid strike is not 
expected to have ecological early warnings. Less obviously, 
some types of critical transitions do not provide early 
warnings (Scheffer et al. 2009, Hastings and Wysham 
2010). On the other hand, some massive ecological regime 
shifts that are not critical transitions are preceded by rising 
variance and autocorrelation (Kéfi et al. 2012). Nonethe-
less, many important kinds of ecosystem regime shifts, 
such as those involved in eutrophication, fisheries collapse, 
rangeland degradation, desertification and others involve 
critical transitions that can be announced by early warning 
signals (Scheffer et al. 2012).


