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Robustness, means “oak” in latim, being the symbol of 
strength and longevity in the ancient world

(of an object) Sturdy in construction: a robust 
metal cabinet

(of a process, system, organization, etc) Able to 
withstand or overcome adverse conditions
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* It is important to understand under which conditions they are fragile to external perturbations and/or internal failures

Zhu et al. 2025. PNAS

Internet

The interconnected nature of networks can be either

 beneficial or detrimental to disturbances
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* It is important to understand under which conditions they are fragile to external perturbations and/or internal failures

“The impact of this incident can cascade over 
several days, as aircraft, crew, passengers are 
out of place, with limited spare aircraft and 
seats available to recover passengers,” says the 
analytics firm.
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* The robustness and resilience of complex networks are defined by various types of phase transitions. The 

nature of these transitions depends on the system's structural features, such as whether it is spatially embedded, 

interdependent with other systems, or multiplex, as well as its dynamics.
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* The study of a system’s response to perturbations (in terms of structural and dynamical stability) is crucial 

because it can be used to anticipate critical transitions
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crossed
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The structural stability of mutualistic networks

The concept of linear stability 
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Bascompte & Scheffer 2023

Highest nested network

Highest robustness
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2.1. Rewiring the Network 

Why is it important to consider "rewiring" when estimating the robustness of mutualistic 

networks?

Because species may not go extinct immediately after losing a partner, but there is likely 

to be some fitness reduction or population decline. Empirical evidence shows that 

secondary extinctions can be buffered through the rewiring of interactions with surviving 

partners.
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2.1. Rewiring the Network 

Photo: Ethan Temeles
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2.1. Rewiring the Network 
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2.2. Increasing Heterogeneity 

Zhu et al. 2025. PNAS

Internet

Consists of modifying the heterogeneity of the nodes
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2.2. Increasing Heterogeneity 

Barbour et al. 2022
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3.3. Predicting the alternative state 

Lever et al. 2020
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3.4. Consequences of network collapse



1) Introduction                  2) The structural stability                     3) The collapse                      4) Concluding remarks

Concluding remarks



(i) increasing nestedness to a level that maximizes 

feasibility without compromising stability

(ii) promoting genetic diversity among species

(iii) allowing population fluctuations

(iv) fostering the coevolution of local populations.

(i) rewiring the network of 

interactions 

(ii)  increasing species heterogeneity

(iii) allowing variability

(iv) enhancing coevolution
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Fundamental trade-off in which enhancing resilience 

comes at the cost of making a possible future collapse 

more dramatic

The rate and shape of network collapse 

once the boundaries of such a space are 

crossed
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Doherty et al. 2023



fhmgoncalves@gmail.com

fernandogoncalves.weebly.com

Danke!

Thanks! 

Obrigado!

The red-necked amazon (Amazona arausiaca)

Photo: Faraaz Abdool
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