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In a recent study, Hillebrand et al.1 tested ecosystem pressure-response 
data from multiple meta-analyses for multimodality and changing 
variance, both indicators of ‘tipping point’ thresholds that lead to 
discontinuous responses such as regime shifts. They found that such 
thresholds were difficult to detect and argued that threshold and 
safe operating space concepts are therefore not suitable for environ-
mental management and policy. We find the results of their analysis, 
however, to be consistent with the current scientific understanding 
of thresholds that (1) many ecosystems have thresholds that lead to 
non-linear dynamics such as regime shifts and (2) awareness of the 
risks associated with such thresholds can help inform environmen-
tal management, even when the positions of these thresholds are 
uncertain. We then discuss (3) how safe operating space concepts 
relate to threshold concepts. In fact, (4) the approach of Hillebrand 
et al. could strengthen the empirical basis for assessments of safe 
operating spaces. We now elaborate on these four points.

There is extensive experimental and observational evidence 
of threshold dynamics, such as regime shifts, in a variety of  
ecosystems2–5. That the analysis by Hillebrand et al. did not 
find thresholds does not invalidate this evidence of threshold 
dynamics. As Hillebrand et al. found in the analysis of their own 
model-generated data, both variations in threshold locations 
between cases and observation noise can obscure thresholds in 
datasets that aggregate responses across cases. The position of a 
potential threshold in a single case may even change over time 
due to the confluence of multiple drivers6 or stochastic variability. 
Differences between the temporal7,8 and spatial2 scales on which 
a threshold occurs and on which it is observed may also obscure 
their observation. While there is extensive ex-post evidence of 
thresholds in specific cases, and despite extensive work on early 
warning signal methods9, we agree that variations in thresholds 
can make it challenging to detect or predict the location of a 
threshold in a specific case.

Even in the absence of precise information on threshold loca-
tion, awareness of the risks associated with potential thresholds 
can promote risk-averse decision-making and promote collabora-
tion, especially when dependence on a public good is high10. For 
example, knowledge of the existence of a threshold was sufficient 
for extractors of a resource to avoid that threshold in behavioural 
experiments11 and for climate negotiators to cooperate12. Multiple 
evidence bases13, such as modelling, past experience from other 
ecosystems or traditional ecological knowledge can help reduce 
uncertainty in the likely position of a threshold; however, residual 
uncertainty is an unavoidable feature of environmental manage-
ment. Management that ignores even partial evidence of thresholds 

could risk potentially damaging and irreversible consequences in 
the misguided expectation that the ecosystem will recover14.

Hillebrand et al. argue that if thresholds cannot be detected 
using their method, safe operating space approaches are also not 
useful. Safe operating spaces and similar approaches, such as sus-
tainability boundaries15, limits to acceptable change16 and toler-
able windows17, denote acceptable levels of human perturbations 
to biophysical processes, which may or may not be defined based 
on threshold dynamics or threshold positions. ‘Acceptable’ can, for 
instance, be based on historical variability in state, experimentally 
measured levels of ecosystem services, a sustainable level of extrac-
tion18 or expert judgements about acceptable levels of change19. In  
systems with known threshold or other non-linear dynamics1, safe 
operating spaces could also be set at precautionary distances from 
the potential threshold range or pressure levels that trigger the 
non-linear dynamics.

Meta-meta-analyses of the type performed by Hillebrand 
et al., while they cannot detect thresholds, could instead help define 
aggregate-scale safe operating spaces. Pressure-response relations 
aggregated across multiple cases, derived from the meta-analyses 
that Hillebrand et al. identified, could help set levels of pressure 
where levels of response typically become unacceptable at the biome 
scale, for example, in the response of carbon storage to biodiversity 
loss20. These types of analyses could also help infer appropriate lim-
its in cases where insufficient data are available to inform ecosystem 
management, alongside other considerations, such as normative 
values and the specific social-ecological context of each case.

To conclude, we are confident that the accumulated evidence of 
thresholds in ecosystems is valid and that appropriate application 
of safe operating space concepts is useful in environmental man-
agement and governance. At the same time, we thank Hillebrand 
et al. for their important methodological advance of systematically 
studying meta-analyses of ecosystem pressure-response relations. A 
diverse methodological toolkit is necessary to support the contin-
ued development, understanding and application of thresholds and 
safe operating space concepts.
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