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Outline

• Disease Ecology and The Urban
• Avian Malaria and Related Parasites Life 

Cycle
• Global Disease Ecology
• Down to the Quantum
• How we tight up the small to the big



Maxwell et al. (2016) Nature

URBAN METABOLISM
+ OneHealth Framework

Santiago-Alarcon & MacGregor-Fors (in press)
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GLOBAL SCALE DISEASE 
ECOLOGY

Question: how do energy input, habitat 
heterogeneity, and host breadth affect the 

diversity of parasite assemblages?



Data for three parasite genera
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Hernandes Córdoba et al. unpublished

- Richness = taxonomic richness
- RPD = phylogenetic richness
- PSV = phylogenetic relatedness of parasite 

assemblage



Hernandes Córdoba et al. unpublished

Importance of Variables on Parasite Diversity



Hernandes Córdoba et al. unpublished

- SR = taxonomic richness
- RPD = phylogenetic richness
- PSV = phylogenetic relatedness of 

parasite assemblage



QUANTUM BIOLOGY
Question: how can quantum tools help us to 
understand why the genome works in a non-

random way?



The Challenge

Why this is a challenge?
There is no theory explaining why this nonrandom mutations occur!



We know the components of the machine and how they interact and what they do, 
but do we really know why there are nonrandom mutations?

“…when it comes to 
understanding the origins of 

novelty in 
evoution…selection cannot 

select for traits that do not yet 
exist, accidents can only sort 
among preexisting variation, 

and contraints only limit 
options, but by themselve do 

not create new ones.” 
(Moczek 2019).



Quantum physics and mutations

Quantum Genes: 
proton superposition

Quantum Superposition, but how does it work in evolution?



The ADN is digital, THEN: How do we codify the digital DNA in evolutionary terms? – Genotype 
Networks

Genotype Networks (sensu Wagner 2011)

Genotype networks have been explored via classical random walks by Wagner et al. see: 
https://www.ieu.uzh.ch/wagner/publications.html
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Santiago-Alarcon et al. 2020

Genotype Networks are N-dimensional 
(sensu Wagner 2011)



We have the mechanism and the foundation of evolutionary space
Now, how do we implement the superposition?: Random Walks vs. Quantum 

Walks
Clasical Random Walks (CRW)

Quantum Walks (QW)

Binomial Distribution with 100 steps

A quantum coin

TO CLARIFY!



Our model for closed systems:

Question: What is more efficient at finding novel phenotypes between CRW vs. QW in a 
closed system (i.e., no selection or no environmental influence)

Our step approach:
1) Develop a theory and provide proof of concept in a closed system (Santiago-

Alarcon et al. 2020)
2) Implement theory to realistic scenarios in closed systems (Ruiz-Ortiz et al. 2023, 

and in prep. – results below)
3) Develop predictive theory for open systems (almost there, first version within the 

next month)
4) Develop lab and field experiments to test the theory (for a grant)

We put together genotype networks + quantum walks

We have the mechanism and the foundation of evolutionary space
Now, how do we implement the superposition?: Random Walks vs. Quantum 

Walks

We improved our quantum walk



Genotype Networks of Transcription Factors in 3 Model Spp.

Question: What is more time efficient at exploring evolutionary space via mutations 
between CRW vs. QW in more realistic closed systems (i.e., no selection or no 

environmental influence)

CRW need more genetic evolution 
time (left-column panels) to 

produce similar total number of 
mutations as the QW (i.e., similar 

distribution of total number of 
mutations in the right-column 

panels)



QW efficiency vs CRW: evolutionary neighborhood 
coverage via mutation



QW efficiency vs CRW: discovery of evolutionary 
novelties via mutation



We know the components of the machine and how they interact and what they do, but 
do we really know why there are nonrandom mutations?

OUR INITIAL QUESTION:

WHERE WE ARE:
• A conceptual framework to investigate mutation patterns via QW
• QW higher probability of finding a novel phenotype than CRW 
• QW efficiency increased in more complex networks
• QW is faster starting at different mutational steps away from focal phenotype 
• QW covers a larger genotype space 
• Thus, QW better to investigate nonrandom mutations at the micro scale

Non-random adaptive mutations are a causal process in evolution with empirical 
evidence; an effect 4 to 7 times larger than what is expected by the neutral theory of 
evolution in experiments, and from 2 to 3 times larger in field situations (Stoltzfus & 

McCandlish 2017)

Following Steps:
• Investigate in open systems (almost there; 3rd step)
• Conduct experimental and empirical field work (proposals in prep.; 4th step)



Open 
System

Closed 
System

Conclusions and Following Steps: open 
vs. closed Hamiltonians



NOW IMAGINE:
- How wonderful would be to have a predictive 

theory of quantum evolution that can take us a 
step further in evolution, for example by:

1) Identifying how many mutations away we 
are from a faulty protein that increases our 
risk of cancer

2) Predicting the effect of the environment 
(e.g., urban) on the most likely course of 
genetic modifications

Connecting back to the macro…
- Cities are a drastic and 

permanent selective 
pressure

- They are increasing in 
number and size

- We have plenty of 
replicates around the 
world

- Population genetics just 
summarizes what 
happens in the genome
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LANDSCAPE SCALE DISEASE 
ECOLOGY

Question: how does habitat changes affect 
parasite diversity and infection rate?



How Should the Urban Be Perceived?

Santiago-Alarcon & MacGregor-Fors (in press)



Hernández-Lara et al. (2020) Acta Tropica

Landscape epidemiology: land use types



Parasite Richness & Abundance Structure

Hernández-Lara et al. (2020) Acta Tropica



Hernández-Lara et al. (2020) Acta Tropica

Parasitological parameters and seasonality
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