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Regime shifts of vegetation ecosystems driven by human activities and climate

change. a review
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Abstract: In the context of human activities and climate change, understanding the regime shifts in vegetation ecosystems ,
particularly during degradation and restoration processes, is of paramount importance. Despite a series of studies indicating
that human activities and climate change have led to significant changes in the interactions and feedback mechanisms within
vegetation ecosystems, uncertainties still remain regarding the critical response and ecological threshold. Here, a systematic
review is conducted based on the findings of prior studies. Firstly, we synthesize the theoretical understanding of ecosystem
regime shifts, defined as transformations from linear and equilibrium states to nonlinear and dynamic non-equilibrium states.
Simultaneously, the biophysical structure and function of vegetation are used to elucidate the underlying mechanisms of
regime shifts within ecosystems. Secondly, we analyze the threshold effects within vegetation ecosystems and sort out
potential driver-response curves that might lead to the occurrence of ecological threshold. Finally, the signaling features of
vegetation under regime shifts are organized to include the critical slowing phenomenon, spatial relationship anomalies, and
regular patches. In light of the existing research gaps and the identified future research focuses, this study promotes that the

management of vegetation based on thresholds ought to be grounded on the understanding of the critical response

ES T bkl Bl S5 H (24LLGLB109) 5 A6 5T 3 2 — 30 H ( SM2024100380)
rFE B #9:2024-05-11; ™ 4& H ki B #3 : 2025-03-03
# WIRAE# Corresponding author. E-mail ; tianahu@ cueb.edu.cn

http ://www.ecologica.cn



9 1) WA A NI S-SR AR T A A S R AR S I ST R 4121

mechanisms and nonlinear self-organizing processes occurring within ecosystems.

Key Words: alternative stable states; critical responses; ecological threshold; climate change adaptation; ecosystem

management
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Fig.1 Theoretical framework concerning the regime shift of vegetation ecosystem
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Fig.2 The mechanism through which human activities and climate change impact the vegetation ecosystem regarding to its structure,

function, and state shift
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Fig.3 Ecological thresholds and the relationship between human-climatic drivers and ecosystem responses
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Fig.4 Response signal of regime shift within vegetation ecosystem
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