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Box 1. Definitions.

ADF test. A statistical test for detecting regulation in a time series of observations (11). The test fits an autoregressive (AR) time series model with a lag of
one time step (AR1) to a data series. The coefficient ϕ in the AR1 model reflects the degree of regulation. The extreme cases are ϕ = 0, which represents a white
noise (Gaussian) distribution that shows strong regulation following a perturbation, and ϕ = 1, which represents an unregulated random walk that does not
recover or return to a central value following a perturbation. The ADF test estimates the probability that the fitted value of |ϕ| < 1, which corresponds to a
regulated process. The null hypothesis is that the time series represents a random walk with ϕ = 1.

AR time series model. A statistical model for a variable (such as abundance or species richness) that changes through time. In any AR model, the system
has a “memory”



abundance. Similar results were found for an analysis that controls for
linear temporal trends of the time series (see Supplementary Text). We
used a variety of ancillary tests and simulation models (fig. S10) to show
that observation error (figs. S11 to S13), portfolio effects (Box 1 and
Supplementary Text), or environmental tracking of annual sea or air
temperatures (tables S4 and S5) cannot easily account for these results.
DISCUSSION
Community-level regulation of species richness, total abundance,
biomass, or energy flux (Box 1) can arise from a variety of mechanisms
in two broad categories: (i) regulation caused by a shared universal re-
source, such as energy (6, 7, 13, 14), and (ii) regulation accompanied by
shifting environmental conditions and open source pools (15), which
may lead to species replacement and turnover (16, 17



With long-term environmental change, a variety of scenarios for
short- and long-term changes in species richness, composition, and abun-
dance are possible (33



grain of most of these studies was roughly 1 year, and different patterns
of regulation may be expected to appear at both shorter and longer time
scales (42). In a similar way, the temporal trajectories may also change
with the spatial grain and extent of sampling (33).

Resilient recovery and bounded trajectories of species richness and
abundance should not be confused with a stasis of biodiversity. On the
contrary, these patterns of weak constancy in S and N and recovery from
perturbation are often accompanied by very strong changes in species
composition that cannot be explained by classic equilibrium community
models (18, 19). The evidence that substantial change can occur in com-
munities while key properties such as total abundance and species richness
showa stationarydistributionwith a constantmean is counterintuitive and
likely an important signal of underlyingprocesses andperhaps represents a
previously unrecognized general pattern in community ecology (43, 44).

Current theory seems inadequate to explain the observed phenom-
enon of widespread community regulation. A better understanding of
why communities are regulated is important to discern and predict
whether communities can persist in the face of large anthropogenic
impacts (33, 45) or whether they are about to collapse or disassemble.
Better understanding of which aspects of communities are regulated
(abundance and richness in this paper) and not regulated [species
composition in Dornelas et al. (35)] is also important in predicting
how the ecosystem functions that humans depend on will be altered.
Finally, the existence of regulation at the community level highlights
the need to study human impacts on whole communities, not just on
selected species or populations. Long-term measurements of key
shared resources and physiological tolerances of the species that ap-
pear and disappear through time should provide new insights into the
details of community regulation and may guide strategies for manag-
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Supplementary Text
fig. S1. Time series of uncorrelated white noise.
fig. S2. Time series of uncorrelated white noise with a linear temporal trend.
fig. S3. Time series of uncorrelated white noise with a one-time perturbation.
fig. S4. Time series of random walk.
fig. S5. Time series of a random walk with a linear temporal trend.
fig. S6. Time series of a random walk with a one-time perturbation.
fig. S7. Time series of a regulated autoregressive process.
fig. S8. Time series of a regulated autoregressive process with a linear temporal trend.
fig. S9. Time series of a regulated autoregressive process with a one-time perturbation.
fig. S10. Logic tree for analysis and interpretation of community time series.
fig. S11. Benchmark analysis of ADF test.
fig. S12. Benchmark analysis of ADF test.
fig. S13. Benchmark analysis of ADF test.
fig. S14. Statistical tests for effects of latitudinal band (=climate), taxonomic group, and realm
on standardized effect sizes (z scores) of species richness and total abundance.
table S1. Number of significant (P < 0.05) and nonsignificant test results for assemblage-level
regulation of species richness or abundance.
table S2. Number of significant (P < 0.05) and nonsignificant test results for assemblage-level
regulation of species richness or abundance.
table S3. Number of significant (P < 0.05) and nonsignificant test results for assemblage-level
regulation of species richness or abundance.
table S4. Results of ADF tests for temperature time series.
table S5. Correlations of species richness and abundance with air or seawater temperature.
table S6. Variance ratio tests for patterns of compensatory fluctuations in total abundance.
table S7. Null model tests for the slope of the relationship between the observed number of
colonizations at time t and the observed number of extinctions at time t + x.
table S8. Primary references and metadata for 59 assemblage time series data sets.
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