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Chair:	Lynn	Chiu	
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William	Bechtel	
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UMR168, Institut Curie, Paris	
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Argyris	Arnellos		
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16:	30	-	17:00	 	 Closing Remarks and Proposals	

	



SECOND BORDEAUX-SAN SEBASTIAN WORKSHOP  
ON PHILOSOPHY OF BIOLOGY 

 
"Biological Identity: Robustness, Organisation, and the Microbiota" 

	

Abstracts	
	

When	do	machines	become	biological	mechanisms?	
William	Bechtel	

Department	of	Philosophy	and	Center	for	Circadian	Biology,	University	of	California,	San	Diego	

Mechanists	have	often	contrasted	biological	mechanisms	with	human-made	machines,	but	it	has	not	been	clear	

what	the	difference	comes	to.	The	characterizations	of	mechanisms	advanced	by	the	new	mechanists	appear	to	

apply	 equally	well	 to	 human-made	machines.	What	 is	 different	 about	 biological	mechanisms?	 I	 argue	 that	 a	

critical	difference	is	the	way	biological	mechanisms	are	subject	to	control	that	originates	in	other	mechanisms	in	

the	organism.	It	is	through	control	networks	that	an	organism	is	able	to	deploy	its	mechanisms	to	maintain	itself	

far	from	equilibrium.	My	goal	is	to	unpack	the	notion	that	biological	mechanisms	are	organized	into	what	Pattee	

(1991)	 refers	 to	 as	 “measurement-control	 heterarchical	 networks.”	 Understanding	 how	 mechanisms	 are	

controlled	 requires	 focusing	 on	 rheonomic,	 non-holonomic	 constraints	 in	 mechanisms	 and	 what	 Pattee	

characterizes	as	an	“epistemic	cut”	between	dynamic	and	what	he	refers	 to	as	“discrete”	modes	of	behavior.	

Controlling	a	mechanism	through	its	non-holonomic	constraints	requires	other	mechanisms	that,	like	controlled	

mechanisms,	perform	work,	but	 in	this	case	the	work	alters	the	rheonomic	and	non-holonomic	constraints	of	

controlled	mechanisms.	 Human-made	machines	 also	 employ	 control	mechanisms,	 but	 there	 are	 differences.	

Control	 mechanisms	 in	 human-made	 machines	 are	 typically	 organized	 hierarchically	 allowing	 control	 at	 the	

highest	level	to	be	exercised	by	external	agents	(humans).	Control	of	biological	mechanisms	is	exercised	by	other	

mechanisms	 constituting	 the	 organism.	 Rather	 than	 a	 strict	 hierarchy,	 these	mechanisms	 are	 organized	 into	

networks	of	mechanisms	that	control	each	other.	Moreover,	this	control	is	highly	distributed	so	that	within	any	

mechanism	many	components	are	themselves	targets	of	control	from	other	mechanisms.	As	a	result,	biological	

mechanisms	 are	 highly	 dynamic	 entities,	 changing	 their	 constitution	 and	 even	 coming	 in	 and	 going	 out	 of	

existence	as	required	by	the	organism.	Understanding	these	features	that	differentiate	biological	mechanisms	

from	 machines	 requires	 looking	 out	 from	 their	 rheonomic,	 non-holonomic	 constraints	 to	 their	 context	 in	

organisms.			
	

Animal	body	complexity	and	the	evolution	of	cognition	
Argyris	Arnellos		
IAS-Research,	University	of	the	Basque	Country	(EHU/UPV)	

Animals	and	their	relation	to	a	macroscopic	environment	composed	of	various	media	available	for	locomotion	

and	recognizable	objects	are	central	to	cognition.	I	claim	that	neither	animals	as	freely	moving	multicellular	(MC)	

organizations	nor	the	macroscopic	environment	in	which	they	act	can	be	taken	as	a	self-evident	starting-point	for	

the	evolution	of	cognition.	I	argue	that	acquiring	the	fundamental	sensorimotor	features	of	the	animal	body	may	

be	better	explained	as	a	consequence	of	dealing	with	 internal	bodily—rather	than	environmental	complexity.	

Specifically,	I	will	discuss	how	an	epithelial	organization	and	its	properties	can	be	cast	as	the	key	enabling	factor	

for	 the	 emergence	 and	 evolution	 of	 the	 animal	 sensorimotor	 interaction,	 and	 how	 a	 focus	 on	 the	 epithelial	

organization	 integrates	 animal	 sensing	 and	moving	with	 the	physiology	 and	development	of	 its	MC	body;	 all	

essential	features	of	the	organizational	basis	of	animal	cognition.	



Dysbiosis	and	its	discontents	
Katarzyna	Hooks	&	Maureen	O'Malley	

University	of	Bordeaux	

As	microbiome	 research	 has	 flourished,	 so	 has	 the	 use	 of	 the	 term	 ‘dysbiosis’.	 Particularly	when	 patterns	 in	

microbiota	are	linked	to	host	health	and	disease	states,	dysbiosis	is	often	invoked	as	a	state	that	mediates	these	

associations.	 Although	 a	 few	 commentators	 have	noted	 the	 looseness	 of	what	 dysbiosis	means	 and	 is	 doing	

scientifically	(e.g.,	Olesen	and	Alm	2016;	Bäckhed	et	al.	2012),	it	is	mostly	used	as	if	it	were	a	standard	diagnostic	

criterion	that	needs	little	elaboration.	Currently,	the	term	shows	no	sign	of	declining	or	of	becoming	more	precise.	

We	sought	to	understand	more	exactly	how	microbiome	researchers	are	using	this	term,	and	for	what	purposes.	

More	specifically,	we	wanted	to	find	out	whether	dysbiosis	 is	helping	or	harming	microbiome	research.	To	do	

this,	 we	 first	 uncover	 the	 term’s	 historical	 roots,	 and	 then	 carry	 out	 a	 descriptive	 analysis	 of	 contemporary	

dysbiosis	statements,	to	understand	how	frequently	it	appears	and	in	which	senses.	We	examine	both	broad	uses	

and	 some	 specific	 examples	 to	 identify	 a	 series	 of	 problems.	We	argue	 that	 these	problems	may	 affect	 how	

microbiota	research	develops	from	a	very	descriptive	association-driven	science	to	a	more	mature	explanatory	

science.	

	

Robustness	in	blood	cell	production	
Leïla	Perié		

UMR168,	Institut	Curie,	Paris	

How	 heterogeneous	 systems	 of	 cells	 constituting	 multicellular	 organisms	 establish,	 organize	 and	 achieve	

coordination	persists	as	a	central	question	in	natural	sciences.	Whereas	stochastic	gene	or	protein	expressions	

have	 clearly	 demonstrated	 their	 role	 in	 cellular	 heterogeneity	 and	 are	 widely	 studied,	 the	 role	 of	 cell	

heterogeneity	in	the	organization	of	multicellular	organisms	has	been	less	interrogated.	Addressing	this	question	

requires	adequate	tools	that	quantitatively	study	ensembles	of	cells	individually	rather	than	group	of	cells.			

My	 research	 aims	 at	 addressing	 cell	 heterogeneity	 in	 dynamical	 and	 complex	 systems	 of	 cells	 using	 the	

hematopoietic	system	as	a	study	model.	Strikingly	hematopoietic	cells	 (immune	cells,	platelets	and	red	blood	

cells)	compose	over	90%	of	total	human	cells	and	correspond	to	approximately	ten	trillions	of	cells	(Sender	R,	

2016).	More	importantly	they	all	originate	from	the	same	cells,	the	hematopoietic	stem	cells	(HSC),	through	a	

process	 called	 hematopoiesis.	 In	 addition,	 as	 immune	 and	 blood	 cells	 have	 a	 short	 life	 span	 (from	 hours	 to	

months)	and	can	 response	 to	perturbations	 like	 infections,	 this	process	 is	highly	dynamical.	 It	 is	 therefore	an	

interesting	and	challenging	model	to	study	how	robust	cell	production	is	achieved	in	a	complex	system	at	the	

single	cell	level.		

For	this	purpose,	we	combine	different	experimental	and	mathematical/computational	approaches	of	single	cell	

tracing	to	study	hematopoiesis	in	vivo.	Cellular	barcoding	is	one	of	these	lineage	tracing	approaches	that	allow	

to	simultaneously	traces	the	in	vivo	differentiation	of	individual	cells,	allowing	to	reconstitute	the	relationship	

between	cell	lineages	with	single	cell	resolution.	In	this	seminar,	we	will	discuss	some	of	our	recent	results	using	

cellular	barcoding	to	investigate	how	robust	immune	production	is	made	upon	erythropoietin	perturbation.		

	

On	the	chemical	roots	of	biological	'inter-identity'	
Kepa	Ruiz-Mirazo		
IAS-Research,	University	of	the	Basque	Country	(EHU/UPV)	

Starting	 from	 our	 definition	 of	minimal	 living	 beings	 as	 autonomous	 systems	with	 open-ended	 evolutionary	

capacities,	I	will	argue	that	biological	identity	should	be	conceived	as	a	specific	type	of	material	organization	that	

is	 intrinsically	 interactive.	The	compartmentalized	but	necessarily	 vectorial	nature	of	all	 forms	of	metabolism	



known	on	 Earth	 is	 an	 obvious	 indicator	 of	 this	 general	 feature.	 Furthermore,	 I	will	 suggest	 that	 the	 roots	 of	

autonomous,	interactive	behaviour	are	to	be	found	in	highly	heterogeneous	chemical	(infra-biological)	systems	

that	 self-assemble	 and	 self-organise	 in	 far	 from	 equilibrium	 conditions.	 More	 precisely,	 I	 will	 portray	 major	

prebiotic	transitions	as	stages	of	protocell	development,	corresponding	to	different	modes	of	interactive	identity	

(‘inter-identity’)	 that	 require	 further	 research	and	 characterization.	 This	 involves	biophysical	 and	biochemical	

strategies	 to	 gain	deeper	 insights	 into	 the	principles	 of	 organization	 that	make	possible	 the	 constitution	 and	

maintenance	of	each	of	those	protocells/protometabolisms,	but	also	evolutionary	approaches	that	demonstrate	

how	the	population	dynamics	of	such	protocells	 in	 interaction	(establishing	both	competitive	and	cooperative	

relationships)	is	key	to	understand	the	complete	process	of	biogenesis.	

	
From	an	entangled	bank	-	Translating	and	interpreting	causation	in	Biology		
Derek	Skillings	
ImmunoConcEpT,	CNRS,	University	of	Bordeaux	

In	this	paper	I	aim	to	show	how	approaches	to	causal	reasoning	that	have	been	modeled	on	the	investigatory	

procedures	that	have	been	successful	in	the	physical	sciences	can,	in	some	situations,	obscure	the	complex	causal	

relations	present	in	many	biological	systems.	The	situation	can	be	especially	problematic	when	exporting	causal	

explanations	for	use	in	different	domains	or	at	other	scales.	I	introduce	two	related	problems	in	this	paper:	the	

causal	translation	problem	and	the	causal	interpretation	problem.	I	believe	these	problems	are	best	illustrated	

by	working	through	the	biological	details.		

I	will	introduce	the	causal	translation	problem	by	contrasting	the	causal	features	of	the	“nanoworld”	inside	living	

cells	with	the	causal	features	of	our	everyday	world--the	world	of	“moderate-sized	specimens	of	dry	goods”.	The	

translation	 problem	 refers	 to	 the	 mismatch	 that	 comes	 from	 applying	 causal	 reasoning	 strategies	 that	 are	

successful	in	one	domain	to	a	different	inappropriate	domain.	The	resulting	problems	stem	from	the	fact	that	the	

causal	 interactions	in	the	systems	of	 interest	differ	too	much	and	so	make	comparisons	or	analogies	between	

them	only	marginally	useful,	if	not	downright	misleading.			

The	interpretation	problem	has	to	do	with	the	difficulty	in	applying	the	simplifying	assumptions	necessary	for	

tractability	 while	 still	 adequately	 capturing	 the	 causal	 structures	 of	 complex	 systems.	 The	 tradeoff	 between	

tractability	 and	 adequacy	 can	make	 it	 difficult	 to	 interpret	 the	 underlying	 causal	 structure	 of	 the	 system	 of	

interest.	Problems	emerge	when	oversimplified	accounts	are	treated	as	accurate	depictions,	more	often	than	not	

by	 non-specialists	 using	 those	 accounts	 for	 other	 purposes.	 I	 illustrate	 this	 problem	 by	 examining	 work	 on	

complex	biological	systems	featuring	properties	such	as	low	modularity,	recursive	hierarchical	organization,	self-

maintenance,	self-production,	and	high	degrees	of	robustness.	

	

Dealing	with	the	changeable	and	blurry	edges	of	 living	things:	a	modified	version	of	
property-cluster	kinds	
María	José	Ferreira	Ruiz	&	Jon	Umerez	
IAS-Research,	University	of	the	Basque	Country	(EHU/UPV)	

Despite	many	attempts	to	achieve	an	adequate	definition	of	living	systems	by	means	of	a	set	of	necessary	and	

sufficient	 conditions,	 the	opinion	 that	 such	 an	 enterprise	 is	 inexorably	 destined	 to	 fail	 is	 increasingly	 gaining	

support.	However,	we	believe	options	do	not	just	come	down	to	having	faith	in	a	future	success,	on	the	one	hand,	

or	endorsing	skepticism,	on	the	other.	In	this	paper,	we	aim	to	redirect	the	discussion	of	the	problem	by	shifting	

the	 focus	 of	 attention	 from	 strict	 definitions	 (in	 terms	 of	 necessary	 and	 sufficient	 conditions)	 towards	 a	

philosophical	framework	that	allows	conceiving	of	living	systems	as	a	natural	kind	that	is	not	to	be	defined	by	

fixed	necessary	and	sufficient	conditions.	We	argue	for	a	property-cluster	kind	approach	according	to	which	living	

systems	constitute	a	natural	kind	with	vague	boundaries,	capable	of	changing,	and	whose	members	do	not	need	

to	instantiate	every	property.	We	draw	from	Boyd’s	theory	and	we	introduce	two	modifications,	one	regarding	



homeostatic	mechanisms	and	another	related	to	the	scientific	role	of	kinds.	Thus,	we	overcome	some	difficulties	

of	Boyd’s	 theory	and	we	are	able	 to	account	 for	 living	 things	as	a	natural	 kind.	We	also	emphasize	 the	most	

appealing	 virtues	 of	 our	 approach	 for	 specific	 research	 fields	 and	 address	 three	 objections	 to	 this	 sort	 of	

approach.	

	


