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Resiliéncia das Pastagens | Da ciéncia a pratica

Drylands

Sites where it does
not rain enough

Aridity Index:

Annual Precipitation
Annual Potential Evapotranspiration
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Comparison of aridity
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When things are complex...
then it gets complicated
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When things are complex...
then it gets complicated

A. .

e Bifurcation

@ Bifurcation Point
= Stable Fixed Point
== ‘Unstable Fixed Point

L(fixed point)
o

L(fixed point)
v o v

'
IS

'
o

0.8 1

P ron

ey,
Y,

Miguel Berdugo | UCM




How are drylands?
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Cover or PSDs?; that is the question.
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The importance of looking at the plot
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Multifunctionality
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nature

ecology & evolution

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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TESIS DOCTORAL ,f'x..., 3

Las respuestas de los ecosistemas de las tierras aridas (sitios con un grave B - : gg/
déficit de aportes de agua) a cambios ambientales es muy posible que sean ' o o .

. 1 il b1

no lineales o abruptas. Esto es de gran trascendencia dado que un ecosiste- A

’ \
ma puede perder funcionalidad o mostrar cambios repentinos en su com- E N I})\u‘E S i &U ‘ I U ?A N ‘
! : : o o

posicion de una forma inesperada e irreversible con el cambio climatico.

En esta tesis analizamos una base de datos de ecosistemas de tierras dridas : 1 =
a escala global, a fin de describir y comprender los cambios bruscos y los - - Y F U N C)@ N AM I E T O b E
umbrales de aridez que desencadenan este tipo de respuestas no lineales \\\

en ecosistemas dridos de todo el munde. DK ﬁ N A A R I D S M
MNuestros resultados sugieren la existencia de un umbral de aridez muy .\'7‘3._‘. d 5'\5/;“ '

conservado que afecta tanto a la funcionalidad como a la estructura del

ecosistema produciendo pérdidas drasticas de fertilidad del suelo asocia- - X’J - E S CA l_ A G I_ 0 ,l

das a cambios brusces en la estructura espacial, la composicién de las co-

munidades y la importancia relativa de las interacciones planta-planta. Los ; _ _/ /
resultados de esta tesis sientan las bases para el estudio de estos umbrales, 4 T e g K
el entendimiento de sus consecuencias y el desarrollo de herramientas que ~ 4 e T \"\
puedan anticipar su llegada en ecosistemas reales. '-r.%, 3 \ \
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Global ecosystem thresholds driven by aridity

Miguel Berdugo, Manuel Delgado-Baquerizo, Santiago Soliveres, Rocio Hernandez-Clemente,
Yanchuang Zhao, Juan J. Gaitan, Nicolas Gross, Hugo Saiz, Vincent Maire, Anika Lehmann,
Matthias C. Rillig, Ricard V. Solé & Fernando T. Maestre
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There are three consecutive thresholds of aridity in global drylands producing changes that
transform the system in an abrupt or nonlinear way



Functional Ecology

Ecological mechanisms underlying aridity
thresholds 1n global drylands

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



PNAS

Prevalence and drivers of abrupt vegetation shifts in

global drylands

Miguel Berdugo, Juan J. Gaitan, Manuel Delgado-Baquerizo, Thomas W. Crowther, and Vasilis Dakos
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Abrupt losses of vegetation are more common than previously through, and they concentrate
around aridity thresholds, providing dynamical evidence of threshold existence



GLOBAL TIPPING POINTS @

Points

Report 2023

Global Tipping Points is led by Professor Tim Lenton from the
University of Exeter’s Global Systems Institute with the support of
more than 200 researchers from over 90 organisations in 26 countries.

The Glebal Tipping Points Report was lounched of COP28 on 6 December 2023. The report is
on autheritative assessment of the risks and cpportunities of both negative and positive

tipping points in the Earth system and society.

Summary Report

Foreword by Dr. Andrew Steer, President & CEO at Bezos Earth Fund.
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How are drylands?

Long story
short...

B: the answer is
B

B

And; what is it the role of grazing?



The BIODESER project
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Previously...

Figure 2: The global spectrum of plant form and function.
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Explore content v  About the journal v  Publish with us +

nature » articles » article

Article | Published: 23 December 2015 R

The global spectrum of plant form and function e"':‘»‘ite o

Sandra Diaz ™, Jens Kattge, Johannes H. C. Cornelissen, lan J. Wright, Sandra Lavorel, Stéphane Dray, Bjrn

: | | “h L s R A
Reu, Michael Kleyer, Christian Wirth, . Colin Prentice, Eric Garnier, Gerhard B&nisch, Mark Westoby, ﬁ 7 @ ' R ' @
“4 = ’/ \\ 2
Hendrik Poorter, Peter B. Reich, Angela T. Moles, John Dickie, Andrew N. Gillison, Amy E. Zanne, Jéréme 0.0 $
Chave, S. Joseph Wright, Serge N. Sheremet'ev, Hervé Jactel, Christopher Baraloto, ... Lucas D.
Gorné -+ Show authors k. ] J ' PC1
-4 2 4
b c
N
O
o
24
0 .
R - A S
o o..o:‘: M
_24 ol 5 & o ‘.o:?{o e .
° e SO
Angiosperm SU
-4+ » Woody 7 « Gymnosperm
Non-woody .. > Pteridophyte
4 -2 0 2 aPCl 4 0 2 4 PC1

Miguel Berdugo | UCM



PCA axis 2

Trait space

high enviranmental constraint |

PCA axis 2

PCA axis 1

Miguel Berdugo | UCM

Observed pattern

Increasing environmental constraint:

a. Reduce the traits space and shiftits
location

Trait covariation i = Trait covariation |
Hypervolume i > Hypervolume |

b. Reduce the traits space by increasing
correlations among traits

Trait covariation i < Trait covariation |
Hypervolume i > Hypervolume |

Putative mechanisms

Increasing environmental constraint filter out
maladapted species and select species traits
according to their match with the environment

e.g. Species tolerant to aridity or grazing

Increasing environmental constraint act
simultaneously on multiple traits and filter
out specific trait combinations increasing
trade-off among traits

e.g. Competitive vs. stress-tolerant species
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Can building onwater
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Aridity thresholds separate plant communities which morphological diversity is completely different
or appear to be driven by different mechanisms



Change expected if grazing

. Changes found
exerts lineal effect

Change in the mean S
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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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Resiliéncia das Pastagens | Da ciéncia a pratica
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So; if you put grazing into the equation the threshold is still there. Maybe more abrupt



critical slowing down dataset

Early warning signals
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Grazing may mask EWS performance

Grazing model Stressor
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Ecological Indicators
Volume 94, Part 1, November 2018, Pages 520-533

ELSEVIER

Grazing model

Original Article
Mean-field

o & x Spatially heterogeneous stressors can
NS alter the performance of indicators of
AN regime shifts

A\
\N
0.75 \ NN\
e v N Alexandre Génin @1, Sabiha Majumder b1 Ssumithra Sankaran €1,
patia INNCK _ _ , , _ :
simglatign g %% i\ % N\ Florian D. Schneider @9 Alain Danet ¢, Miguel Berdugo ©, Vishwesha Guttal ¢, Sonia
* PP iy \ Kéfi @ (o) Nz
* hi it ib éfi ¢ A~
B RS 2 2 )
\ ARG Grazing model
‘ o——b-i b OO - 5L S ....8=0072 6=0.18
" \ 00 01 0z 03 04 0% 0.15 $7

eneous stressor (d) '
9 0.10-

4

Moran's |

0.05~

0.00-

09~

0.8-

lag-1 Autocorr.

0.7«

06- ' ' 1 Y bty ' 1 0! ' ' ' " 1 Y
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

Homogeneous stressor (d)

Miguel Berdugo | UCM




How are drylands?

| got It,
the answer is




latitude

2007

:-_i:=—1‘_&:l-"
50 o L
- ' X
n -
L &
-.'- a -:'.'ii:-' o -
R Pl
—r
T
-50 -
-100 0 100 Legend
longitude

Threshold
crossed

0.54

0.54 & 0.69

0.54, 0.69 & 0.83
0.69

0.69 & 0.83
0.83

Miguel Berdugo | UCM



How to save a threshold

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
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recovery

Field

Remote surveys

sensing
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Ecosystem level (~103 m)
Climate and climate legacy
Ecosystem (vegetation) type
Landscape Connectivity
Topography
Soil type

Community level (~¥10 m)

Plant & soil community assemblage,
Biodiversity,
Soil nutrient cycling
Soil fertility

ndividual level (~*1 m)
Species adaptation
Local adaptation
acclimation

RESILIENCE
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Assessing the effects of aridity thresholds in the integration
of resilience facets and metrics

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

Restoring aridity threshold transgression with biocrusts

‘ \ :\"\x 0.
Paired-plot
Disturbance level
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