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As Niche Construction Theory [NCT] points out, individuals and species react against selective pressures, modifying them and 
those working on other species, with evolutionary consequences in both cases. This schema, initially applied on genetical 
transmission, now is profitably employed in Social Learning, but seems missing in microbiome theories. In this domain, 
experimental evidences suggest that organism-environment relationship should not explaining selection occurring only on 
populations of bacteria, but especially repercussions that bacterial “actions” have on whole pool, constraining their hereditability. 
Our aim is stressing the idea that, using NCT, it will be possible clarifying which mechanisms are necessary to conserve a 
micriobiome in a host. As by product of this point, we want underline also that these mechanisms have identical active-structure 
of others traceable in very different evolutionary domains, at diverse complexity levels, such as Social Learning strategies.  
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Summary

‣ Microbiome: definition

‣ Symbiosis: Definition and Examples

‣ Why Coselection Narrates, whereas Symbiosis Explains

‣ Symbiosis’ Role in Evolution: the Tool-Kit

‣ Holobionte/Hologenome Theory

‣ Microbiome: why symbiotic’s explanation is not enough

‣ Niche Construction Theory [NCT]

‣ NC and Symbiosis

‣ What next?
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Microbiome 
It is the whole of microorganisms’ population 
and bacterial genomes, that ... point to us as a 

home!

Bacterias operate in symbiosis with their host,  
enabling adaptive plasticity and providing 

behavioural fitness. 

It cannot be considered just a medium 
between organism and environment.
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Symbiosis
‣ Is the relationship between two, or more, 

different species;
‣ It s const i tuent spec ies must be 

interdependent  with each other;
‣ All of them gain benefits from the presence 

of the other.

Symbiosis
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Co-selection represents 
how environment canalizes 
selective pressures toward 

organism’s adaptation. 

Symbiosis is the mechanism because organisms are able to 
adapt their own genomes, depending on already built 
evolutionary pi!ars, which has been provided by past 

environment-organism relationships.

Symbiosis, Not 
Coselection! 

Explaining
 

Illustrating
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If co-selection could be 
intended as an evolutionary 
driving force, symbiosis may 
shed light on evolutionary 

driving mechanisms of genomic 
adaptation.

Symbiosis : a Tool-Kit
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Holobionts...

‣ Holobiont: the organism and all 
its symbiotic microbiota; 

‣ Hologenome: the sum of all the 
genetic information of the host 
and its microbiota.

The hologenome theory of evolution 
considers the holobiont with the 

hologenome, acting in consortium, as a 
unit of selection in evolution

Rosenberg & Zilber - Rosenberg, 2011

Its points are:

1. Microorganisms acquire from their host necessary 
nutrients;  
2. Symbionts affect the host, and are affected by it; 
3. Changes in either host or microbiome’ genomes 
can cause variations in the hologenome; 
4. These variations can be transmitted and also 
influence evolution of the holobiont.
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Acyrthosiphon pisum

...and lichens

lunedì 27 maggio 13



Acyrthosiphon pisum

...and lichens
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Organisms’ functional 
system can be defined 

“individual” by the 
supremacy of eukaryotes’ 

perspective only.
 For instance, the same 

individual can be 
considered by 

prokaryotes of intestine’s 
bacterial micro-flora, their 

environment.
Gagliasso, 2008

Can it be that 
organisms are selected 

as multigenomic 
association? 

Gilbert et al, 2012

...and lichens
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Good...
 but why?

‣ The greater adapt ive potent ia l confer red by 
microorganisms to the hologenome is well known. 

‣ Never the less , these rea sons do not prov ide a 
comprehensive explanation of persistence  and 
integration of symbiotic’s union; 

‣ Coevolution is part of this broader explanation;
‣ NCT can explain integration as a modification the 

microorganisms made on their hosts.

‣ Some authors indicate four main 
reasons (Rosenberg et al., 2007; Gilbert, 
2011), that is because:

1. The re la t ive abundance of 
microorganisms associated with 
the host can be changed by 
environmental pressures; 

2. Symbionts produce adaptive 
variation; 

3. Microorganisms can produce 
genomical rapid changings, by 
means of recombination and 
random mutation; 

4. Of the horizontal gene transfer 
between members o f the 
holobiont (in human microbiome: 
Hehemann et al. 2010).
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Niche construction is not the exclusive prerogative of large populations, keystone species or clever animals; it is a fact of life. All 
living organisms take in materials for growth and maintenance, and excrete waste products. It follows that, merely by existing, 

organisms must change their local environments to some degree.
Odling-Smee et al., 2001

Niche Construction occurs when an organism modifies the feature-factor relationship 
between itself and its environment by actively changing one or more of the factors 
in its environment, either by physically perturbing factors at its current location in 
space and time, or by relocating to a different space-time address, thereby exposing 

itself to different factors.
Odling-Smee et al, 2003

Niche 
Construction 
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Niche construction is not the exclusive prerogative of large populations, keystone species or clever animals; it is a fact of life. All 
living organisms take in materials for growth and maintenance, and excrete waste products. It follows that, merely by existing, 

organisms must change their local environments to some degree.
Odling-Smee et al., 2001

Following Jablonka & 
Lamb (2005): 

1) genetic; 
2)epigenetic; 
3)behavioural; 
4)symbolical

Niche Construction occurs when an organism modifies the feature-factor relationship 
between itself and its environment by actively changing one or more of the factors 
in its environment, either by physically perturbing factors at its current location in 
space and time, or by relocating to a different space-time address, thereby exposing 

itself to different factors.
Odling-Smee et al, 2003

Niche 
Construction 

 
Two forms of inheritance:

1) Genetic Inheritance;
2) Ecological Inheritance
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Niche construction is not the exclusive prerogative of large populations, keystone species or clever animals; it is a fact of life. All 
living organisms take in materials for growth and maintenance, and excrete waste products. It follows that, merely by existing, 

organisms must change their local environments to some degree.
Odling-Smee et al., 2001

The two adaptive processes 
and forms of inheritances 
are interdependent: as a 
matter of fact , natura l 
se l ec t ion act s on 
accumulated modifications 
derived from the past. 

Niche Construction occurs when an organism modifies the feature-factor relationship 
between itself and its environment by actively changing one or more of the factors 
in its environment, either by physically perturbing factors at its current location in 
space and time, or by relocating to a different space-time address, thereby exposing 

itself to different factors.
Odling-Smee et al, 2003

Niche 
Construction 

 

Two forms of inheritance:
1) Genetic Inheritance;
2) Ecological Inheritance

Two adaptive processes:
1) Natural Selection;
2) Niche Construction;
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Constructing symbiosis?
‣ The Hologenome evolutionary theory 

describes how much a selective unite is 
complex and integrate, but not how it 
has been realized; 

‣ This explanatory “defect” in microbiome 
topic is a profitable case study for 
theoret ica l l y and operat i ve l y 
corroborating the NC model; 

‣ Symbionts change the i r host s 
constructively: this is a good model of 
symbiosis’ production;

Using a very simple schema, symbionts’ products and waste have 
modified their environment with evolutionary consequences on 
themselves and on others, changing the selective pressures on new 
generations;
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Constructing symbiosis?
‣ The Hologenome evolutionary theory 

describes how much a selective unite is 
complex and integrate, but not how it 
has been realized; 

‣ This explanatory “defect” in microbiome 
topic is a profitable case study for 
theoret ica l l y and operat i ve l y 
corroborating the NC model; 

‣ Symbionts change the i r host s 
constructively: this is a good model of 
symbiosis’ production;

‣ The continuous feedback between 
symbionts and their (organismic ) 
environment, can explain for instance 
why some bacterial are good for the host, 
and others not.
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‣ NC presents itself as an evolutionary process exactly as Natural 
Selection [NS]: the idea is to apply it theoretica!y to different 
evolutionary scenarios; 

‣ What happens if we use NC at different evolutionary subjects? 

‣ According to us, NC seems for now to provide a good 
explanation of symbiotic mechanisms, it appears to have got 
what it takes to be the best framework for a new theoretical 
synthesis in Living Sciences. 

What Next?
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The essay is an essay in philosophy in part because it 
depends on the cognitive toolbooks of philosophers: it is 
work of synthesis and argument, integrating ideas and 
su"estions #om many distinct research traditions. No 

one science monopolizes this broad project though many 
contribute to it. So I exploit and depend on data, but do 

not provide new data.

Sterelny, 2012

THANK  YOU!
THE HUMAN MICROBIOME PROJECT SAYS THE HUMAN 
BODY HAS 100 TRILLION MICROSCOPIC LIFE FORMS 
LIVING IN IT.

YOU CALL 
THIS LIVING?

Thanks to:
 

- E v o l u t i o n & 
Cognition (Research 
Group) 
- p r o f . E l e n a 
Gagliasso
- p r o f . R o b e r t o 

Cordeschi 
-Diego Antonio De 
Simone
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