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Source WAD

When things are complex…
then it gets complicated
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When things are complex…
then it gets complicated



How are drylands?

A B



A tale about spatial distributions (apparently)
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Increasing pressure

Cover or PSDs?; that is the question.



236 sites

Photo credits: MB, DE, SK, MG, FM, JG
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The importance of looking at the plot
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Plant spatial patterns identify alternative ecosystem 

multifunctionality states in global drylands

Miguel Berdugo, Sonia Kéfi, Santiago Soliveres and Fernando T. Maestre

Only plant spatial arrangements can identify two functionality states in drylands, that change at 

aridity values of 0.7-0.8 into an unfertile state
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Let’s test them all



3 clear phases





Global ecosystem thresholds driven by aridity

Miguel Berdugo, Manuel Delgado-Baquerizo, Santiago Soliveres, Rocío Hernández-Clemente, 

Yanchuang Zhao, Juan J. Gaitán, Nicolas Gross, Hugo Saiz, Vincent Maire, Anika Lehmann, 

Matthias C. Rillig, Ricard V. Solé & Fernando T. Maestre

There are three consecutive thresholds of aridity in global drylands producing changes that 

transform the system in an abrupt or nonlinear way



Ecological mechanisms underlying aridity 

thresholds in global drylands

Miguel Berdugo, Blai Vidiella, Ricard V. Solé & Fernando T. Maestre

Different mechanisms may operate in each of the aridity thresholds found involving feedback 

processes across ecosystem components that may explain abruptness and point into some key 

modulators of abrupt changes for future research



Prevalence and drivers of abrupt vegetation shifts in 

global drylands

Miguel Berdugo, Juan J. Gaitan, Manuel Delgado-Baquerizo, Thomas W. Crowther, and Vasilis Dakos

Abrupt losses of vegetation are more common than previously through, and they concentrate 

around aridity thresholds, providing dynamical evidence of threshold existence



https://global-tipping-points.org/



Long story
short… 

B; the answer is
B

And; what is it the role of grazing?



The BIODESER project
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Aridity thresholds separate plant communities which morphological diversity is completely different 

or appear to be driven by different mechanisms



Low grazing

High grazing

Change expected if grazing
exerts lineal effect

Change in the mean

Changes found

Grazing do not modified the mean value of ecosystem services, but it modifies importantly the distribution 

of their values, exacerbating bimodality and suggesting for stronger presence of stable states
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a

b

Degraded SOC Healthy SOC

Those stable states 

configure through aridity 

gradients with slight 

modifications in high vs 

low grazing sites.

Values of aridity 

thresholds, however are 

not significantly 

modified*

Instead what we observe 

is that, is the change from 

a healthy to a degraded 

state of SOC along aridity 

gradients are significantly 

more steep in high 

grazing places than in low 

grazing ones.

a
a
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So; if you put grazing into the equation the threshold is still there. Maybe more abrupt



Early warning signals

Dakos et al., 2012 PlosONE
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Grazing may mask EWS performance
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Recruitment and establishment rate (b)
Limited by competition (c)
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I got it, 
the answer is

B

So… what know?
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Gaining a comprehensive understanding of resilience around aridity thresholds is the key to design 
global strategies to confront hypothetical upcoming abrupt changes triggered by climate change-
driven aridification

INtegrating Ecosystem Resilience around Thresholds 

In Aridity: unveiling nature-based mechanisms   to 

endure abrupt desertification 

How to save a threshold

push
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TIPS 2
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Ecosystem level (~103 m)

Community level (~10 m)

Individual level (~1 m)

Plant & soil community assemblage,
Biodiversity,

Soil nutrient cycling
Soil fertility

Species adaptation
Local adaptation

acclimation

Climate and climate legacy
Ecosystem (vegetation) type

Landscape Connectivity
Topography

Soil type

RESILIENCE
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Assess globally and in situ the simultaneous recovery of multiple 

functional and structural ecosystem attributes after land 

abandonment

Assessing the effects of aridity thresholds in the success of 

global restoration activities

Assessing the effects of aridity thresholds in the integration 

of resilience facets and metrics

Restoring aridity threshold transgression with biocrusts

Paired-plot
Disturbance level



41 colaborators

22 countries

120 sites
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