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Biodiversity and ecosystems

Naeem et al. (2012, Science)
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IPBES (2019)
IPBES = Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services

How to increase the resilience of 
ecosystems to perturbations?
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IPCC (2023)
IPCC = Intergovernmental Panel on Climate Change 
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Definitions and mathematical frameworks

Two main definitions of resilience
The concept of resilience in ecology

• Engineering resilience (Pimm, 1984)
• Capacity of a system to bounce back to its initial state after a perturbation
• Only one stable state (“equilibrium”), locally stable
• Rather for small perturbations

Arnoldi et al. (2016)

State

timetime



Definitions and mathematical frameworks

Two main definitions of resilience
The concept of resilience in ecology

• Ecological resilience (Holling, 1973; 1996)
• Magnitude of disturbance that can be absorbed by an ecosystem, before it 

flips to an other state
• Several alternative stable states
• Adapted to large scale perturbations
• Regime shifts/tipping points

Arctic Council (2016)



Definitions and mathematical frameworks

Two main definitions of resilience
The concept of resilience in ecology

Griffiths & Philippot (2013)

Example: impact of a marine heat wave

Engineering resilience

Ecological resilience Example: impact of a tropical storm on a coral reef



Definitions and mathematical frameworks

Measuring resilience
The concept of resilience in ecology

Griffiths & Philippot (2013)

Engineering resilience

Ecological resilience

Asymptotic resilience R∞
Þ Long term return rate

More difficult to estimate in real life!
Þ Size, depth, slope of each basin of attraction

Example: impact of a marine heat wave

Example: impact of a tropical storm on a coral reef



Definitions and mathematical frameworks

Measuring resilience: various metrics!
The concept of resilience in ecology

Dakos & Kéfi (2022)

Engineering resilience
(local stability)

Ecological resilience
(non-local stability)

• Curvature of potential
• Variance
• Autocorrelation

• Potential depth
• (min) distance to the basin threshold
• Size of he basin of attraction
• Skewness
• (mean) exit time to the alternative basin of attraction

To list a few….



Definitions and mathematical frameworks

Measuring resilience in practice?
The concept of resilience in ecology

Dakos & Kéfi (2022)

Number of papers

Bibliographic analysis from 459 papers (1950-2018)

Number of times metrics have been used



Definitions and mathematical frameworks

Measuring resilience in practice?
The concept of resilience in ecology

Dakos & Kéfi (2022)

Most commonly used metrics:
For engineering resilience

Bibliographic analysis from 459 papers (1950-2018)

For ecological resilience

No consensus
on the metrics



Resilience and regime shifts

Regime shifts in the stability landscape
The concept of resilience in ecology

Biggs et al. (2018)

Regime shifts = tipping points = switching from a stability valley to another

Number of regime shifts 
recorded in different 
ecosystem types



Resilience and regime shifts

Marine regime shifts
The concept of resilience in ecology

Hughes et al. (2005)

Tropical coral reef

Degraded reef

Kelp forest

Sea urchin barrens

Coastal predatory fish

Overfished jellyfish-dominated
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Marine regime shifts
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Folke et al. (2004)

Initial state Perturbation Triggers Regime shift

Loss of resilience



Resilience and regime shifts

Marine regime shifts
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Folke et al. (2004)

Loss of resilience

Initial state Perturbation Triggers Regime shift



Resilience and regime shifts

Examples of impressive resilience
The concept of resilience in ecology

• Recovery of coral reefs in the Marshall Islands after nuclear tests

Richards et al. (2008)

Crater created during the 
nuclear tests in the 1950’s

Bikini Atoll coral communities 2002 



Increasing resilience

Enhancing resilience of socio-ecosystems
The concept of resilience in ecology

• Seven principles have been proposed:
1) Maintain diversity and redundancy, e.g. protect species
2) Manage connectivity between systems, e.g. between marine protected areas
3) Manage slow variables and feedbacks, e.g., herbivorous species in coral reefs
4) Foster an understanding of SES as complex adaptive systems, e..g. the 

large-scale rezoning of Australia’s Great Barrier Coral Reef
5) Encourage learning and experimentation
6) Broaden participation, e.g., involved local fishermen and local populations
7) Promote polycentric governance systems, e.g. failure when lack of institutions 

governing global marine fisheries

Biggs et al. (2012)


