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Effet	liée	à	la	complémentarité	des	communautés	

v Élargissement	du	réseau	d’interactions	par	mélange	d’écosystèmes	
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Pourquoi	avoir	développé	ce	LAMACs	?		
Lab-scale	Automated	and	Multiplexed	Anaerobic	Chemostat	system	

v Mélanges	de	communautés	fonctionnellement	redondantes	

+

~300	cultures	batch	

Production	de	biogaz		 Surrendement	transgressif	

#	communautés	 #	communautés	

è	L’effet	du	mélange	est-il	transitoire	?	à	système	continu…	
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interchangeable between communities. These different sce-
narios, selection for the best individual taxa and co-selection,
are two extremes of a continuum. The distinction is important
because dominance by a single community is necessarily a
more likely consequence of community coalescence when co-
selection operates. Figures 3A–3C provide an illustration of the
two extreme scenarios, no co-selection and co-selection of the
entire community, and an intermediate case in which there are
two groups of interacting taxa, or modules, and co-selection
occurs within each.
The most direct way to demonstrate a role of co-selection

would be to show that the outcome of competition between sin-
gle taxa from different communities does not predict the
outcome of competition at the community level [11]. Unfortu-
nately, this is not feasible for such complex communities, in
which many taxa are very difficult to grow in isolation. However,
there are other testable predictions associated with the opera-
tion of co-selection or otherwise. If the success of an individual
taxon is independent of whether they are in the presence of
taxa from the same community (i.e., co-selection does not
occur), communities that use resources most efficiently and
hence achieve the highest biomass per unit of time (productivity)
will contain the highest number of the best-performing taxa. It
then follows that there will be a positive relationship between
the productivity of a community and the proportion of taxa it con-
tributes to themixture (Figure 3A). If instead taxa are co-selected
as modules, the correlation between individual community
contribution and productivity is likely to break down. This is
best illustrated by the extreme scenario whereby all taxa within

a mixed community are co-selected from a single community:
the mixture will be entirely dominated by a single constituent
community, and hence the contribution of all other communities
will be independent of their individual productivity (i.e., they will
contribute null to the mixture’s composition, even though they
have non-zero productivity individually; Figure 3B). The interme-
diate scenario, where co-selection occurs within two indepen-
dentmodules, can also break down this correlation if onemodule
contributes muchmore to community productivity than the other
(Figure 3C).
To determine whether co-selection contributed to our find-

ings, we first estimated the contribution of each community to
the ten-community mixtures using a non-negative least-squares
(NNLS) approach. The community that had the most similar
composition to the mixtures (and produced the most methane)
contributed an estimated 40% of its taxa to the mixtures, with
only two other communities contributing more than 10% of their
taxa to themixtures (Figure 3D). We then correlated the contribu-
tion each community made to the mixtures with twomeasures of
community productivity: methane production and cell densities
(based on 16 s rRNA gene copy number), which themselves
were positively correlated (Figure S2A). We found no suggestion
of a positive correlation between either measure of productivity
and contribution to the community (Figures 3D and 3E). These
results suggest that co-selection of taxa played an important
role in dominance by the community that produced the most
methane.
That community coalescence results in the most productive

individual community dominating the mixed community has
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C

Figure 2. Methane Production and Commu-
nity Composition When Multiple Commu-
nities Are Mixed
(A) Total methane production of mixed (gray) and

individual (white) communities, with mean values

shown as horizontal lines. Mean total methane

production was greater for mixtures than for indi-

vidual communities (t test: p < 0.001 in nine cases),

except when measured against community P13

(the best performer).

(B) NMDS plot of unweighted UniFrac of ten mix-

tures (gray) and nine individual communities

(white). Numbers in circles refer to individual

community identifiers (Table 1). Community P13

was significantly closer in composition to the ten

mixed communities than any other community

(weighted and unweighted UniFrac distances;

paired t tests: p < 0.001 in all cases). There was

also a significant link between the community

composition and the difference in gas production

between the communities (see Figure S1). Note

that DNA yield from community P06, which had

the lowest gas production of all communities,

was insufficient for sequencing; therefore, it is

excluded from this and the following graphs.

(C) Individual communities (white circles) and

their average methane production (white line), as

well as mixes of communities (gray circles) and

their averages (gray line). There was a monotonic

increase in methane production with number

of communities used (regression: F1,26 = 5.4,

p = 0.03). For community composition of the

mixes, see Tables 1 and S1.
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its best individual component

d The composition of the mixes resembles the composition of

the best individual community

d The results suggest a modular co-selection of species in

the mix

d The more communities are being mixed, the bigger the gas

production of the mixes
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In Brief
Coalescence of whole communities

occurs frequently in the microbial world.

Here Sierocinski et al. study coalescence

of methanogenic communities. Both

methane production and composition of

the mixed communities resemble that of

their best individual component,

suggesting modular co-selection of

species. This effect increases when more

communities are used.
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è	Importance	de	la	complexité	du	substrat	à	comparaison	nécessaire	

Pourquoi	avoir	développé	ce	LAMACs	?		
Lab-scale	Automated	and	Multiplexed	Anaerobic	Chemostat	system	

v Effet	du	mélange	de	communautés	dépend	du	substrat	utilisé	
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Thèse	de	Diane	Plouchart	

v Coalescence	expérimentale	de	communautés	
microbiennes	méthanogènes	
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Abstract

Continuous cultures in chemostats have proven their value in microbiology, microbial

ecology, systems biology and bioprocess engineering, among others. In these systems,

microbial growth and ecosystem performance can be quantified under stable and defined

environmental conditions. This is essential when linking microbial diversity to ecosystem

function. Here, a new system to test this link in anaerobic, methanogenic microbial commu-

nities is introduced. Rigorously replicated experiments or a suitable experimental design

typically require operating several chemostats in parallel. However, this is labor intensive,

especially when measuring biogas production. Commercial solutions for multiplying reactors

performing continuous anaerobic digestion exist but are expensive and use comparably

large reactor volumes, requiring the preparation of substantial amounts of media. Here, a

flexible system of Lab-scale Automated and Multiplexed Anaerobic Chemostat system

(LAMACs) with a working volume of 200 mL is introduced. Sterile feeding, biomass wasting

and pressure monitoring are automated. One module containing six reactors fits the typical

dimensions of a lab bench. Thanks to automation, time required for reactor operation and

maintenance are reduced compared to traditional lab-scale systems. Several modules can

be used together, and so far the parallel operation of 30 reactors was demonstrated. The

chemostats are autoclavable. Parameters like reactor volume, flow rates and operating tem-

perature can be freely set. The robustness of the system was tested in a two-month long

experiment in which three inocula in four replicates, i.e., twelve continuous digesters were

monitored. Statistically significant differences in the biogas production between inocula

were observed. In anaerobic digestion, biogas production and consequently pressure devel-

opment in a closed environment is a proxy for ecosystem performance. The precision of the

pressure measurement is thus crucial. The measured maximum and minimum rates of gas

production could be determined at the same precision. The LAMACs is a tool that enables

us to put in practice the often-demanded need for replication and rigorous testing in micro-

bial ecology as well as bioprocess engineering.
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Partie	automatisée	du	système	LAMACs	
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pH,	 demande	 chimique	 en	
oxygène	 (DCO),	 biomasse	
(concentration	MS/MV,	qPCR,		
séquençage	16S	MiSeq)	

Mesures	hors	ligne	

Composition	du	gaz	et	des	
acides	gras	volatils	(AGV)	
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Flexibilité	pour	permettre	de	nouveaux	usages…	
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Exemple	de	suivi	de	30	chémostats	en	parallèle	sur	3	mois	
5	communautés	(seules	ou	en	mélange)	sur	3	substrats	(complexité	croissante)	

(non	publié)	

v Pas	d’effet	du	traitement	sur	les	performances	écosystémiques	
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La	composition	bactérienne	des	mélanges	garde	la	
trace	des	communautés	individuelles		

(non	publié)	

v La	complexité	du	substrat	favorise	la	coalescence	des	communautés	
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