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Understanding the general rules 

of microbial interactions is central 

for advancing microbial ecology. 

Recent studies show that interac

tion range, interaction strength, 

and community context determine 

bacterial interactions and the coex

istence and evolution of bacteria. 

We highlight how these factors 

could contribute to a general under

standing of bacterial interactions. 

Microbial Community Ecology 
A central tenet of community ecology 
is to understand the rules of species 
interactions and their consequences for 
community structure, such as species di
versity. Historically, microbial interactions 
and their outcomes were studied to 
test theories of community ecology 
(e.g„ (1,2]) which were developed for 
plants and animals (3,4]. This trend has 
changed remarkably in the last few years 
with rapid progress in microbial commu
nity ecology due mainly to the continued 

growth of molecular technologies [4,5]. 
Today, microbial community ecology has 
become an integral branch of ecology 
and microbiology and it continues to ad
vance our understanding of the implica
tions of microbial interactions for d isease 
control, food production, climate change 
mitigation, and biodiversity conservation. 

Bacteria are among the most studied mi

croorganisms in microbial community 
ecology, particularly when it comes to 
experimental assessments of microbial 

interactions (4). Yet, we still lack a consen
sus for how bacterial species interact, and 
how those interactions may regulate the 
diversity of bacteria [6]. This is due to sev
eral key challenges in studying bacterial in
teractions, such as delineating the spatial 
and temporal scale at which bacteria inter
act, quantifying the strength of their inter
actions, dependence of their interactions 
on abiotic conditions, and constantly vary
ing interactions owing to rapid evolution 
and changes in bacterial abundance. 
Three recent studies provide insight into 
overcoming these challenges (7- 9]. 
These studies independently show inter
action range (7), interaction strength (8). 
and community context [9] as three 
factors determining bacterial species 
interaction and the coexistence and evo
lution of bacteria. We highlight how 
simultaneous consideration of these 
three factors can help to achieve a more 
general understanding of bacterial inter
actions (Figure 1) and their relevance for 
building predictive models for microbial 
community ecology. 

lnteraction Range, lnteraction 
Strength, and Community Context 
lnteraction range is the spatial domain in 
which an individual can interact with other 

individuals interact only with their immedi
ate neighbors. More specifically, they 
used two genotypes of Escherichia coli 
that exchange essential amino acids for 
their growth. They showed that the growth 
of one genotype was promoted when 
most of its neighbors in its interaction 
range were of the other genotype (7]. 
This study contributes to a general under
standing of how the range of interaction 
matters for facilitation and coexistence at 
the cellular level. 

While the size of the interaction range of a 
bacterial cell indicates the distance over 
which it can affect another cell (Figure 1), 
the direction (mutualistic or antagonistic) 
of these bacterial interactions is likely to 
depend on how bacterial cells modify 
their immediate environment (11). To
wards this end, Ratzke et al. (8] showed 
that increased nutrient availability pro
moted the ability of soil bacterial species 
to modify their environment (e.g., pH 
values), which subsequently magnified 
the negative interactions between soil 
bacterial species. lnterestingly, this study 
highlighted that the strength of negative in
teractions between bacterial species was 
mediated mainly by the production of 
toxic metabolites and could not be attenu-

individuals of either the same species or a ated by refreshing nutrients. These strong 
different species. Usually, the interaction competitive interactions between bacterial 
ranges of several bacterial cells are limited species impeded species coexistence and 
to their close surroundings, such as decreased the stability of the bacterial 
biofilms (10). However, even within communities. 
biofilms, some cells are c lose neighbors 
while others are distant. Whether bacterial There is a growing interest in understand
cells in spatially structured biofilms interact ing the roles of evolutionary processes in 
with closeand distantneighborsis not weil driving species coexistence (12). An ex
understood given the complexity in empir- perimental study by Scheuer! et al. [9) 
ically quantifying the distances between demonstrated that bacterial species (ob

bacteria during their interactions. Da! Co tained from the rainwater in tree holes) 
et al. [7] used an elegant approach ol mea- had grealer evolutionary responses to en
suring the interaction range of bacterial vironmental changes (low pH) when the 
cells as the size of the neighborhood bacterial communities had a low diversity, 
from which one bacterial cell can retrieve presumably owing to weaker competitive 
the amino acids produced by neighboring interactions. These authors show that 
cells. They highlight that the interaction strong competitive interactions, as found 
range of bacteria is short, that is, in the diverse bacterial communities, limit 
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Flgure 1 . Some General Rules and Outcomes of Bacterial lnteractions. lnteraction range (short and long}. interaction strength (weak and strong}, and community 
context (low and high diversity) affect bacterial coexistence and evolution. We discuss several possibilities for bacterial coexistence using an example of a focal bacterial 
species (gray filled} and its interaction with neighboring bacterial species. For simplicity, we tocus on competilive interactions, but the tramework can be adapted to 
include bolh compelilive and facilitative interactions. (A) Low-diversily, short-interaction range. In a low-diversity scenario, when the gray bacterial species has short 
interaction range (indicated by the gray circle} and inte<action strength (ndicaled by the thicker double-sided arrows), it excludes its nearest neighbors, like the yellow 
bacterial species. by its abilily to modify the environment (e.g„ the pH}. However, when considering evolution, such competitive interactions could also lead to 
diversification (ndicated by the emergence of the orange bacleria) when the yellow bacteria can adapt to the new envi'onment modified by the gray bacleria (B) Low·dversity, 

long-interaction range. When the same gray bacterial species has a longer interaction range it excludes more yellow bacteria in the absence of evolution, whereas a 
greater diversification of the y~bw tia::teria takes place in the presence of evolulion. (C) High·diversity, sh:>rt·interaction range. In this sCllf'lario, we ilustrate the example of 
five bacterial species living next to the gray bacteria, but or#.y one of lhem (the yellow one) falls within the short interaction range. The results are identical to the outcomes 
shown in scenario (A) despile the difference in species diversity. (D) High-diversity. long-interaction range. When lhe samegray bacterial species has a longer interaction 
range it excludes the tour neighboring species within its interaction range in the absence ot 8'/00tion. When considering evok.Jtion, Scheuer! et al. (9) sh:>wed that evol.Jtion 
is constrained when multiple species are interacting (presumably owing to strong interaction strength- not shown in the figure). implyng that evolution might not be rapid 
enough to preveot exclusion of lhe four neigtboring species. 

the capacity of bacterial species to evolve, Outlook 
thereby highlighting the importance of We suggest that interaction range, interac

'community context' as a key predictor of tion strength, and community context 
bacterial evolutionary dynamics. Taken to- should be considered simul taneously for 
gether, these three recent independent a better understanding of bacterial interac
studies (7-9] have provided us with polen- tions. In particular, consid ering evolution 
t ial general rules on how bacteria interact, will enhance our ability to predict variations 

and further highlight the often overlooked in a bacterial community in a given envi
implications of bacterial interactions for ronment (some scenarios are shown in 
evolutionary dynamics (Figure 1). Figure 1). Microbial ecologists have con-

2 

sistently emphasized the importance of 
making microbial ecology a predictive sci

ence rather than just a descriptive science 
as most research in microbial ecology still 
continues to be on microbial inventories 
in various environments (3,6]. We believe 

that, to make microbial ecology more pre

dictive, we need to integrale general rules 
of microbial interactions to study microbial 
community d iversity, functioning, and 



evolution. The rules highlighted by the 
three studies discussed ear1ier (7-9) are 
an important step towads this goaJ. Future 
studies cai further explore how these ri.Jes 
may affect each other (Figura 1) - for 
instance, how the interaction range of 
bacteria and their ability to rnodify the 
environment relate to each other. More
over, it will be important to test the signifi
cance of interaction range, interaction 
strength, and community context for regu
lating bacterial community structure in the 
context of bacterial interactions with other 
microorganisms (e.g., fungQ and their pred
ators (e.g., protists), and also in the context 
of different and novel environments, such 
as those created by climate warming and 
drought. 
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