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Outline
Hypes in Microbiome research

Three Lessons from Internalist vs. Externalist Debates



External Control









Unit of Biological Organization:
Holobiont/Superorganism/Metaorganism





2008

2015

Holobiont

2009

2007

2013

coral communities unit of selection

“fundamental biological 
organization”



Superorganism

social insect colonies

(single species, often monogenomic) level of selection(single species)

1910 2009

2013

1989



meta-organism

2011

microbial ecological
communities

broadest term:  
loose interdependent  
relations

macrobe



Two Major Questions



who’s controlling who?
network of causal relations

(Kuraishi et al 2013)

(Ji and Nielsen 2015)

local mechanisms
method: experimental

systems models
method: metagenomics,  

model building via 
organizational principles

pathways metabolic networks



who, I mean who???? 
unit of biological organization 
(developmental, ecological, evolutionary)

(Christian et al. 2015)

Anatomical 
Developmental 
Physiological 
Genetic 
Immune 
Evolutionary 
criteria of individuality

community  
ecology theory



Internalism vs. Externalism



Nature Nurture 
Psychology 

INTERNAL EXTERNAL 

Preformationists Epigenesists 
Evolution 

Development 

Unity of Type
(structuralists,  

development constraints)

Conditions of Existence
(functionalists,  
adaptationists)

behavioralism
associationism
(Watson, Skinner)

mentalism
nativism
(Chomsky)

genetic program environment

(environmental determination)(pre-determined form)



“What Kind of Interactionism Instead?”

Lessons from the Debates



who???? 
unit of biological organization 
(developmental, ecological, evolutionary)

(Christian et al. 2015)

Anatomical 
Developmental 
Physiological 
Genetic 
Immune 
Evolutionary 
criteria of individuality

community  
ecology theory



First Lessons

“The Extended Mind” 
Clark and Chalmers (1998)

*[[Authors are listed in order of degree of belief in the central thesis.]]

parity argument

1. equivalence principle
e.g. A =functionally B (internal to X)

2. coupling criteria
e.g. A is coupled with B

3. parity thesis: 
e.g. given 1 & 2, if A were internal, A would be 
seen as cognitive (or part of X’s mind)



3. parity thesis: 
e.g. given 1 & 2, if A were internal, A would be 
seen as cognitive (or part of X’s mind)

3. a model of the mental: 
A has “the mark,” therefore A is part of the mind

causal coupling - constitution fallacy

causal coupling - constitution fallacy fallacy
?



Lesson #1 : “Parity Arguments” are anti-bias Heuristics

veil of ignorance test

parity thesis: if A were internal, A would 
be seen as cognitive (or part of X’s mind) 

Anatomical 
Developmental 
Physiological 
Genetic 
Immune 
Evolutionary  
criteria of individuality



Lesson #1 : “Parity Arguments” are anti-bias Heuristics

veil of ignorance test

parity thesis: if A were internal, A would 
be seen as cognitive (or part of X’s mind) 

A has “the mark,” 
therefore A is part of 
the mind 

a model of the 
individual/mind

complimentary criteria

A compliments the mind 
for the mind to perform or 
develop



?

- do not start with what’s internal to the skull
- instead start with how a system must be 
organized in order to be autonomous

a thermodynamically open system with operational 
closure that actively generates and sustains its identity 
under precarious conditions (Di Paolo and Iizuka 2008, Thompson 2007, Varela 1979, 1997) 

the constituents: 
recursively depend on each other,  
sustain the system as a unity, 
determine a domain of possible 
interactions with the world

the  enac(ve  approach

“cognition” does not have a location



Lesson #2 : Solutions can Change Frameworks and  
Shift Research Questions

“cognition” does not have a location

changes the definition of “cognition” 



who’s controlling who?
network of causal relations

(Kuraishi et al 2013)

(Ji and Nielsen 2015)

local mechanisms
method: experimental

systems models
method: metagenomics,  

model building via 
organizational principles

pathways metabolic networks



the environment
selects

the internal  
systems vary



the environment
selects

the internal  
systems vary

developmental 
constraints?



the environment
selects

the internal  
systems vary

strong 
selection?



John Endler (1986): review up to 1983 
Kingsolver et al. (2001): 1984-1997 
Barrett and Hoekstra (2011) : molecular data 
  

How strong is selection?
detection methods:



(Danchin 2013)

(Danchin et al 2011)

quantitative genetics methods  
to estimate heritability

developmental  
mechanisms 

(Danchin & Pocheville 2014)



the environment
selects

the developing  
systems vary



the environment
selects

the developing  
systems vary

niche 
construction



Lesson #3 : the relative importance of internal or 
external factors does not imply the relative 
importance of a particular explanatory role



the environment
selects

the developing  
systems vary

developmental 
constraints?

strong 
selection?





2006

2000

Not the distribution of pre-existing 
information that instructs 
development.

But the ongoing totality of interactions 
that regularly reproduces the 
developing system.

x autonomy/autopoiesis 
x homeostatic tightly regulated system

“information” is not preformed

environment + genes 
co-specify products
information is created  
instead of inherited



changes the definition of “developmental information” 

“information” is not preformed

Lesson #2 : Solutions can Change Frameworks and  
Shift Research Questions



Summary of Lessons
Lesson #1 : “Parity Arguments” are anti-bias heuristics,  

More criteria are needed to talk about “units.”

Lesson #3 : The relative importance of internal or 
external factors does not imply the relative 
importance of a particular explanatory role

Lesson #2 : Solutions can change frameworks  
and shift research questions, “information,” 
“cognition/life” may change meanings and 
operational definitions



Three  
Interactionist  

Responses

I E

rolerole re-assign roles to internal/
external

shift importance of internal/
external without changing their 
assigned roles

change framework &  
research questions

new roles
new roles
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