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 F
rom the rainforests that sequester 
large amounts of carbon (1) to the 
gut microbiota that play  an impor-
tant role in the health of the host (2), 
ecological communities of all forms 
and sizes serve valuable functions. 

Although stable and diverse activities are 
more likely to be found in communities 
that are stable and diverse (3), it is unclear 
exactly how diversity and stability within 
communities influence each other (4). 
Studying this relationship in large-scale 
ecosystems, such as the rainforest, is often 
unfeasible because of practical limitations. 
On page 85 of this issue, Hu et al. (5) pre-
sent observations of bacterial communities 

under highly controlled conditions. They 
found that diverse communities lose sta-
bility and that this negative effect of diver-
sity on stability is amplified when species 
in their communities interact strongly. If 
this applies to natural ecological commu-
nities of different scales, human activities 
that strengthen interactions between spe-
cies may destabilize certain valuable eco-
logical functions.

There are two different aspects of stabil-
ity in ecological communities: functional 
and compositional. Functional stability 
refers to the variation in the collective 
function of an ecological community upon 
environmental changes, and compositional 
stability refers to the variation in the pop-
ulation densities of community members 
over time. In the face of accelerating en-
vironmental changes, finding what deter-
mines the functional stability of commu-
nities has never been more relevant (3). 
Functional stability is positively correlated 
with diversity, that is, more-diverse com-

MICROBIOTA

Community instability in the 
microbial world
Miniature ecosystems provide insights into general 
ecological principles

Bacteria can be used to study how communities progress when given different initial conditions.

tion, and induce TDP-43 aggregation. This 
would, in turn, impair the role of TDP-43 
in RNA processing, especially through re-
pression of cryptic exon inclusion in genes 
that are essential for neuronal survival (9, 
10). It is intriguing that reduced expression 
of C9ORF72, which also occurs in repeat 
expansion carriers, promotes interferon-
mediated innate immune responses by 
inhibiting degradation of stimulator of 
interferon genes (STING) in the lysosomal 
pathway (11). STING oligomerization leads 
to TBK1 phosphorylation. It would be in-
teresting to untangle the complex effects 
of C9ORF72 haploinsufficiency, poly(GA) 
expression, and TBK1 loss of function on 
neurodegeneration in vivo.

The study of Shao et al. has a much wider 
conceptual implication for understanding 
the pathogenesis of ALS-FTD and eventu-
ally the identification of new therapeutic 
targets. To date, more than 20 seemingly 
unrelated genes have been identified as 
causative genes or modifiers of ALS-FTD. 
System-level analysis of products of dis-
ease genes, disease modifiers, or disease-
associated proteins shows that they are 
often directly or indirectly connected to 
each other and cluster within the same in-
teractome neighborhood, forming subnet-
works or disease modules (12), including in 
neurodegenerative conditions (13). Several 
ALS-FTD–associated proteins effect endo-
somes or lysosomal functions and form an 
interconnected network, akin to a disease 
module (see the figure). The demonstra-
tion by Shao et al. that C9ORF72-derived 
poly(GA), TBK1, and TDP-43 act in concert 
to cause ALS-FTD phenotypes is consistent 
with the concept of network perturbation 
in disease (14). Complex interaction with 
cell type–specific factors could also explain 
why neither DPRs, RNA foci, nor C9ORF72 
haploinsufficiency correlate with regional 
neurodegeneration and TDP-43 pathology. 
Elucidating the full connectivity of ALS-
FTD proteins will lead to the identification 
of network hubs that could represent new 
therapeutic targets for both sporadic and 
familial ALS-FTD. j
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way to safeguard the many valuable func-
tions provided by ecological communities.

Bacterial communities are attractive 
systems for studying principles in ecology, 
but it is not certain that these observations 
apply to communities of larger organisms. 
However, Hu et al.’s mathematical model 
was not specific to bacterial communities 
and it predicted the three phases across 
a variety of community and interaction 
types. Therefore, the principles described 
by the authors might hold for ecological 
communities across scales. j
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munities should lead to functional stabil-
ity. The intuitive explanation is that diverse 
communities are likely to contain multiple 
species that carry out similar functions but 
are  affected differently by environmental 
change, so that the function of a disturbed 
species can be compensated by another 
species (4). The relationship between com-
positional stability and diversity is less 
clear and depends heavily on how strongly 
species in communities interact. The “com-
petitive exclusion principle” (6) predicts 
that the number of coexisting species in 
a community cannot exceed the number 
of distinct limiting nutrients. However, 
species within a community can increase 
species diversity beyond this limit through 
interactions. For example, one species can 
release partially processed nutrients that 
can be consumed by another species (7). 
When interactions between species are too 
strong, some models have predicted that 
diverse communities tend to lose compo-
sitional stability and exhibit fluctuating 
population dynamics (8), although these 
fluctuations can simultaneously promote 
species coexistence (9). 

To put these predictions to the test, a 
system would need to be studied in which 
communities of varying diversity can easily 
be constructed and interaction strengths 
between species can be adjusted with min-
imum external variation. Hu et al. used 
bacterial communities grown in controlled 
laboratory conditions to construct such a 
system. Specifically, they sought to find out 
how the initial diversity of a community 
and the average strength of interspecies 
interactions would affect a community’s 
final diversity and compositional stability. 

Based on a mathematical model, the 
bacterial communities should fall into 
three distinct phases (see the figure). If a 
community starts with just a few species, 
or if the interspecies interactions are weak, 
all of its species should stably coexist. If 
a community starts with more species, or 
if the interspecies interactions are slightly 
stronger, some of its species should be-
come extinct while the remaining species 
should stably coexist. And, if a community 
starts with even more species, or if the 
interspecies interactions are even stron-
ger, more species should become extinct 
and the remaining species should display 
heavily fluctuating population dynamics. 
However, these fluctuations would also 
slow down the rate of species extinctions.

To evaluate whether this model reflects 
reality, Hu et al. gathered a diverse collec-
tion of bacterial species and constructed 
communities with different levels of initial 
diversity. They were able to adjust the in-
terspecies interaction strengths by supple-

menting the growth medium with differ-
ent amounts of key nutrients. The authors 
monitored population densities through 
DNA sequencing and community function 
by estimating total biomass over 10 days. 
They observed that the bacterial communi-
ties did fall into the three phases that were 
predicted by the model. The predicted fluc-
tuations manifested both in the population 
densities and in the total biomass. Hence, 
communities that were initially very di-
verse or very strongly interacting tended 
to lose both compositional and functional 
stability. Overall, the findings of Hu et al. 
suggest that ecological communities tran-
sition through distinct phases as inter-
species interaction strength or diversity 
changes, similar to how matter transitions 
abruptly through distinct states when tem-
perature or pressure changes. 

Human activity can transition ecological 
communities through phases and jeopar-
dize valuable functions. For example, if the 
amount of nutrients in an ecosystem is in-
creased because of intensive fertilization, 
this may increase the strength of interac-
tions between species (10) and shift the 
community out of a stable phase of spe-
cies coexistence and into a phase of com-
positional instability. Although this loss of 
compositional stability might buffer the 
rate of extinctions, it may be accompanied 
by a loss of functional stability. Therefore, 
reducing the amount of nutrients intro-
duced to natural ecosystems might be one 
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Phase diagram of an ecological community
Hu et al. found that bacterial communities exist in three phases, depending on their initial diversity and the 
interaction strengths among species. If these phases are present in larger-scale ecological communities, then 
human activities that increase interspecies interactions could shift communities to the unstable phase. 
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