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  We are not individuals, we are much better described as 
ecosystems due to trillions of bacteria and other microorganisms that 
inhabit us. We now know that gut microbiota can greatly influence 
many physiological parameters that in turn may impact several 
cognitive functions, such as learning, memory, and decision making 
processes. This mutualistic symbiotic relation known as the gut-brain 
axis is also constrained by lifestyle factors such as dietary habits i.e. 
animal protein and lipids intake. Using a novel combination of 
Machine Learning and Network Theory techniques, we provide 
evidence from an indigenous population in Guerrero Mexico, that 
both brain and gut-microbiota connectivity, evaluated by Minimum 
Spanning Tree as the critical backbone of information flow, diminish 
under either low protein or lipids intake. We discuss how this loss of 
connectivity may translate into a reduction of brain criticality

 In previous work we 
introduced a novel definition 
of ecosystem health based 
on the concept of criticality, 
which implies that the time 
series for ecosystem 
“physiological” fluctuations, 
such us ecosystem 
respiration, are scale 
invariant (Power Spectra 
Density follows a power law 
S ∼ f−β) and in a balance 
between robustness / 
self-organization and 
flexibility / randomness (scale 
coefficient β∼1). 

The gut microbiota is an ecosystem mainly composed of millions of 
bacterial species that, through local interactions with each other, 
self-organize to exhibit non-trivial global structures and behaviors at 
larger scales, giving place to properties that may not be understood or 
predicted from even the full knowledge of the species biology alone. In 
that sense, using ideas from network theory, Huitzil and co-workers 
(2018) have proposed that microbiota ecological networks are critical 
(Derrida and Pomeau, 1986), conferring the system evolvability 
(Aldana, 2003; Aldana et.al. 2007) that enhances faster information 
storage, processing and transfer (Langton, 1990; Nykter et.al. 2008). 
Most interesting the gut microbiota ecological network is coupled with 
the brain, the so called gut-brain axis, consists of bidirectional 
communication between the central and the enteric nervous system, 
linking emotional and cognitive centers of the brain with peripheral 
intestinal functions. 

Microbiota ecosystems (and ecosystems in 
general) could also and must do much 
more than merely respond to 
environmental perturbations; they most 
certainly have built-in characteristics that 
enable them to even take advantage of 
them. Antifragility is maybe the core one of 
these characteristics (Danchin, Binder, and 
Noria, 2011; Taleb, 2012); which is the 
exact opposite of fragility (being broken by 
randomness, perturbations, or time) and 
defined by Taleb as the nonlinear locally 
convex response of a specific payoff 
function in front to a well define 
perturbation, in terms of type, intensity or 
frequency(i.e. A formal definition of 
antifragility as convexity in the payoffs 
space is found in Taleb & Douady (2013) 
and Taleb (2018))

Rural indegenous Vs Occidental urbanized

Gut microbiota ecological 
network from rural non 
parasitized (unperturbed) 
shows to be much 
different from both urban 
non parasitized (external 
perturbation by occidental 
diet) and rural parasitized 
(internal perturbation from 
parasite presence).  

We also found that urban microbiota 
networks are much more 
heterogeneous than rural ones, being 
the Parasitized the lowest. In general, 
systems that are either too 
heterogeneous or too homogeneous 
are less complex. Moreover, both 
populations under perturbation, R-P 
and U, show a statistically lower value 
of Shannon information (emergence, 
diversity) than R-N

Our results suggest that even under no 
Western diet, which may be considered 
as the default healthy diet, low protein 
and lipids intake may lead to 
non-neglecting effects to both BCA and 
GM in terms of its network connectivity. 
For example, brain connectivity measured 
by the MST (or the critical backbone of 
information flow in the network) improves 
for almost all brain broadbands under 
open eyes condition (cognitively 
demanding) when protein or lipids intake 
increases.

A deficient diet may reduce 
but  gut microbiota ecosystem 
and brain network criticality. 
This fragilize them reducing 
its capacity tu respond to 
perturbations. 

As suggested by Sonnenburg and Sunneburg (2019) it seems that to fully understand 
how gut microbiota modulates human health it is necessary to incorporate an ecological 
perspective to identify gut microbiota ecosystem services, for example how it response 
to perturbations.
Conceptual diagram showing the potential effect of path dependence (Jackson et.al. 
2021; Jha et al., 2018) that combined with different lifestyles restrict the space of 
possible network structures and type of response to perturbation. Due to path 
dependence including lifestyle, gut microbiota ecosystems may turn to be fragile if it 
loses complexity under perturbation, robust if it is essentially insensible to it or  
antifragile if it benefits from perturbation as has been observed for example in molecular 
ecological networks in grassland soil microbial communities (Yuan et.al. 2021). 

https://www.researchgate.net/profile/Elvia-Ramirez-Carrillo
https://www.researchgate.net/profile/Isaac-Santoyo
https://www.lopezoliver.otrasenda.org/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200382
https://www.gastrojournal.org/article/S0016-5085(21)00268-7/fulltext
https://peerj.com/articles/8533/

