Supplementary Information

Title: The rate of environmental change as an important driver across scales in ecology

Authors: Alexis D. Synodinos 2 1*”, Rajat Karnatak * 13, Carlos A. Aguilar-Trigueros % %3,
Pierre Gras > '3, Tina Heger 34 & 7 13 Danny lonescu & 3 Stefanie MaaR 2 '3, Camille L.
Musseau * 1% 13| Gabriela Onandia !* 3, Aimara Planillo >3, Lina Weiss % 13, Sabine Wollrab

313" 'Masahiro Ryo 112 13"

Affiliations:

! Theoretical and Experimental Ecology Station, CNRS, Moulis, 09200, France

2 Plant Ecology and Nature Conservation, University of Potsdam, Potsdam, 14476, Germany

3 Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Miiggelseedamm 310, 12587
Berlin, Germany

4 Freie Universitat Berlin, Institute of Biology, 14195 Berlin, Germany.

® Department of Ecological Dynamics, Leibniz Institute for Zoo and Wildlife Research (1IZW),
Berlin, Germany

® Biodiversity Research/Botany, University of Potsdam, Potsdam, 14469, Germany

" Restoration Ecology, Technical University of Munich, Freising, 85350, Germany

8 Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB), Neuglobsow, Germany
° Department of Biology, Chemistry, Pharmacy, Institute of Biology, Freie Universitat Berlin,
Berlin, Germany

10 |_eibniz Institute of Freshwater Ecology and Inland Fisheries (IGB), Berlin, Germany

11 Research Platform Data Analysis and Simulation, Leibniz Centre for Agricultural Landscape

Research (ZALF), Eberswalder Str. 84, 15374 Muencheberg, Germany



12 Environment and Natural Sciences, Brandenburg University of Technology Cottbus-
Senftenberg, 03046 Cottbus, Germany

13 Berlin-Brandenburg Institute of Advanced Biodiversity Research, Berlin, 14195, Germany

* Correspondence to: alexios.synodinos@sete.cnrs.fr

** Joint last authors

Keywords: climate change, biodiversity, species persistence, ecological communities,

ecosystem response, buffering mechanisms, r-tipping, temporal ecology, global change


mailto:alexios.synodinos@sete.cnrs.fr

Literature review description

We searched Web of Science based on the following keywords in the category ‘topic’:

climatic debt

compost-bomb instability

ecological transitions rapid change in driver
ecological transitions turnover rates
ecosystem response rate

ecosystem transition disturbance rate interactions
extinction debt

extinction debt ecosystem

extinction rate ecosystem transitions
r-tipping

r-tipping ecology

r-tipping ecosystem

r-tipping systems

rate-induced ecosystem response
rate-induced extinction

rate-induced tipping points

rate-induced tipping systems

rate-induced transition

rapid change ecosystem

rapid change ecosystem transition



rapid change rate ecosystem transition
rapid climate change

rapid ecological transitions turnover rates
rapid rate of change ecosystem

rapid rate of change ecosystem transition
rate of change

rate of climate change exceeds range shift
transitions

transitions ecosystem diversity rate of change

Only studies which explicitly investigated the impact of the rate of change on a target variable
were included in the review, yielding a total of 22 studies (list provided below). The review
was conducted by all co-authors with each study assigned to at least two people. Studies were
classified with respect to the following categories: level of ecological organisation (organism,
population, community, ecosystem/biome), kingdom (bacteria, fungi, plants, animals),
ecosystem type (terrestrial, aquatic) and study type (experimental, observation, model). Studies
including different species or target variables (e.g., thermal minimum and thermal maximum
of an organism) were considered independently and represented different data points in our
statistical analysis. Similarly, studies covering multiple classes within a category (e.g., for
habitats: terrestrial and aquatic) were counted independently for each class (i.e., the same study
was included for the class terrestrial once and for the class aquatic once) in order to increase
the number of datapoints in our analysis. This yielded a total of 30 data points. The response
variable for our statistical analysis was ‘no tipping’ or ‘tipping’. ‘No tipping’ corresponds to
the cases of no observable effect of the rate of change or to a linear response with respect to

the rate of change. ‘Tipping’ occurred when the rate of change induced a qualitative or non-



linear change in the response variable. Additionally, we only defined ‘tipping’ as the outcome
when the reported result could confidently be attributed to the rate of change; otherwise, we

considered this a ‘no tipping’ response.
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