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Microdiverse lineages partition niches hidden within broad microbial taxa

Microbial diversity is often 
described through broad 
taxonomic units, but much 

of the ecology and evolution of 
microbes unfolds at a finer scale. 
Within what appears to be a single 
microbial “type” lies extensive mi-
crodiversity: closely related lineages 
that differ in genomic composition, 
ecological preference, functional 
traits, and evolutionary history. This 
issue highlights why resolving that 
fine-scale genetic structure is es-
sential for understanding microbial 
biogeography.

	 Coarse marker-gene classifi-
cations can reveal major communi-
ty patterns, but they often mask the 
variation most relevant to adap-
tation and diversification. Closely 
related microbial lineages may 
partition resources, prefer different 
environmental conditions, disperse 
unevenly across landscapes, or 
experience barriers to gene flow 
that are invisible at the OTU or ASV 
level1. By moving beyond broad tax-
onomic bins, researchers can detect 

patterns of niche differentiation, 
dispersal limitation, and population 
divergence that would otherwise be 
obscured.

	 Fine-scale resolution also 
connects microbial biogeography 
more directly to the central ques-
tions of ecology and evolutionary 
biology: how diversity arises, how 
it is maintained, and how environ-
ment and history shape the dis-
tribution of life. In microbes, the 
most informative patterns are often 
hidden within the smallest scales of 
diversity.

“By expanding the focus to microbial 
microdiversity and implementing targeted 
environmental studies, we can better un-
derstand the ecological and evolutionary 
processes generating microbial biogeo-
graphic patterns as macroecologists have 
done for decades.”

— Chase & Martiny. 2018.
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1. Chase AB, Martiny JBH. 2018. The impor-
tance of resolving biogeographic patterns 
of microbial microdiversity. Microbiology 
Australia 39, 5–8.
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The Processes That 
Structure Microbial 
Diversity
Microbial diversity varies across environments, habitats, and 
spatial scales. Biogeography provides a framework for inter-
preting these patterns by linking community composition to 
selection, drift, dispersal, and diversification.

By Alexander B. Chase, Ph.D.
Department of  Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 8, 2026 (reprinted from blog post on 9/10/2019)

Selection, drift, dispersal, and speciation structure microbial diversity across habitats

A central question in ecology and evolution is why different places 
contain different types and 

numbers of species. This question has 
shaped the study of plants and animals 
for centuries, motivating theories that 
explain how communities assemble, 
how species coexist, and why biodiversi-
ty varies across space and time. Micro-
bial ecology asks the same question, 
but with an added challenge: microbial 
diversity is vast, difficult to classify, 
and often measured through molecu-
lar proxies rather than clearly defined 
species or populations.

	 A useful way to organize mi-
crobial diversity is through four broad 
processes: selection, ecological drift, 
dispersal, and speciation1. Selection 
occurs when environmental conditions 
favor particular organisms because 
of their traits. In microbial systems, 
pH, temperature, oxygen, nutrients, 
moisture, salinity, and host-associated 
conditions can all filter communities by 
favoring taxa with compatible physi-
ologies. Many microbial biogeography 

studies have shown strong correlations 
between community composition and 
environmental gradients, indicating 
that deterministic environmental selec-
tion is often a major force structuring 
microbial communities1.

	 Ecological drift represents 
a different mechanism. Even when 
organisms are ecologically similar, 
their abundances can fluctuate through 
random demographic processes. These 
stochastic changes can alter community 
composition, especially when popu-
lations are small, dispersal is limited, 
or selection is weak relative to chance. 
Dispersal also shapes microbial diver-
sity by determining which organisms 
can arrive in a given environment. High 
dispersal can increase local diversity 
and homogenize communities across 
space, whereas limited dispersal can 
generate spatial structure and contrib-

ute to differences among communities.

	 Speciation adds an evolution-
ary dimension. New microbial lineages 
arise through mutation, recombination, 
selection, gene gain and loss, and barri-
ers to gene flow. Yet detecting speciation 
or diversification in microbes requires 
finer genetic resolution than many 
community surveys provide. Broad 
marker-gene approaches can reveal ma-
jor ecological patterns, but they often 
obscure the population-level variation 

“Why do we find different types and num-
bers of species in different places?”

— Ecology 101
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WHY IT MATTERS

Ecologists and evolutionary biolo-
gists have long asked why different 
places contain different kinds and 
numbers of  organisms. In microbial 
systems, this question is especial-
ly challenging because diversity is 
immense, species boundaries are 
difficult to define, and many studies 
rely on broad molecular units rather 
than populations or ecotypes. A 
biogeographic framework helps or-
ganize this complexity by asking how 
environmental filtering, stochasticity, 
dispersal, and evolutionary history 
jointly shape microbial communities.
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The Processes That Structure Microbial Diversity

where evolutionary processes occur. 
Moving toward species, strain, ecotype, 
and population-level analyses can there-
fore reveal mechanisms that are hidden 
within broader taxonomic bins.

	 This is where biogeography be-
comes especially powerful. It provides 
a framework for connecting ecological 
patterns across environments with 

evolutionary processes across lineages2. 
Environmental heterogeneity can pro-
mote niche partitioning. Competition, 
predation, pathogens, and species inter-
actions can alter coexistence. Priority 
effects and historical contingency can 
shape which taxa establish first and how 
communities develop. Rapid evolution 
can modify traits during community 
assembly, making ecology and evolution 
difficult to separate.

	 For microbial ecology, the 
next step is not simply to ask whether 
communities are structured by deter-
ministic or stochastic processes3. Most 
communities are shaped by both. The 
more informative question is when each 
process dominates, at what spatial or 
genetic scale it operates, and how those 
processes interact. Microbial diver-
sity is maintained by environmental 
filtering, random demographic change, 
dispersal limitation, ecological interac-
tions, and evolutionary diversification. 
Understanding that diversity requires 
connecting broad community patterns 
to the fine-scale traits and lineages that 
generate them.
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KEY FINDINGS

•	 Microbial diversity is structured by both 
ecological and evolutionary processes.

•	 Selection occurs when environmental 
conditions favor particular taxa or 
traits.

•	 Ecological drift can alter community 
composition through random demo-
graphic fluctuations.

•	 Dispersal influences local diversity and 
the degree of  differentiation among 
communities.

•	 Speciation and diversification generate 
new microbial lineages over evolu-
tionary time.

•	 Fine-scale genetic resolution is needed 
to connect microbial community 
patterns to mechanisms.

1. Vellend M. 2016. The Theory of Ecological Communities. Princeton University Press.
2. Wiens JJ & Donoghue MJ. 2004. Historical biogeography, ecology and species richness. Trends in Ecology & Evolution 19: 639-644.
3. Hanson C, Fuhrman J, Horner-Devine M, Martiny JBH. 2012. Beyond biogeographic patterns: processes shaping the microbial landscape. Nature 
Reviews Microbiology 10: 497–506

CITATIONS

DISPATCH BIOGEOGRAPHY•

Distribution of  organisms is dependent on the connected 
ecological and evolutionary processes.

Adapted from Wiens & Donoghue. 2004. 
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Microscale Habitats and the Early Stages 
of Bacterial Speciation
Closely related Vibrio populations can diverge across marine 
particle habitats despite sharing nearly identical marker 
genes. Genomic, ecological, and behavioral evidence sug-
gests that particle association, dispersal, and habitat-specific 
recombination can structure early bacterial diversification.

By Alexander B. Chase, Ph.D.
Department of  Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 8, 2026 (reprinted from blog post on 8/18/2019)

Ecological differentiation in microscale habitats can drive early divergence 
in the same water column

A central goal in evolutionary biology is to understand how 
genetic variation becomes 

structured into diverging populations. 
In microbes, this problem is difficult 
because species boundaries are often 
ambiguous, recombination is uneven, 
and closely related strains can coexist 
without obvious geographic barriers. 
Comparative genomics can identify re-
lated organisms, but ecological interpre-
tation requires knowing whether those 
organisms occupy the same habitats, 
interact, and experience different selec-
tive pressures.

	 Marine Vibrio provides a 
useful test case for the early stages of 
bacterial diversification. In coastal 
bacterioplankton, closely related Vibrio 
splendidus lineages contain extensive 
diversity even when strains are near-
ly indistinguishable by the 16S rRNA 
gene. Fine-scale marker-gene analyses 
revealed many distinct genotypes coex-
isting within natural populations, with 
some lineages associated with differ-
ent particle-size fractions in the water 
column1. These patterns suggested that 

sympatric bacterial populations may 
partition microscale habitats, including 
free-living conditions, small particles, 
large particles, and organic aggregates.

	 Marine particles are chemi-
cally and physically structured habi-
tats. They concentrate nutrients, cells, 
extracellular enzymes, and metabolic 
byproducts, creating resource patch-
es where microbial communities can 
undergo rapid ecological succession2. 
From the perspective of a bacterial cell, 
the water column is not homogeneous. 
Particle surfaces, dissolved nutrient 
gradients, and transient organic matter 
create a structured landscape where 
attachment, dispersal, degradation, and 
resource tracking can shape fitness.

	 Population-genomic analyses 
of closely related Vibrio strains showed 

how this ecological structure can appear 
in the genome. Strains associated with 
large and small particle-size fractions 
shared identical 16S rRNA genes and 
high genome-wide similarity, yet a 
small set of habitat-associated SNPs 
distinguished the groups3. These “ecoS-
NPs” clustered in a limited number of 
genomic regions rather than across the 
whole genome, suggesting that ecolog-
ical differentiation can begin through 

“...interpretation of gene-content diver-
sity requires the delineation of popula-
tions according to cohesive gene flow and 
ecology...”

— Cordero & Polz. 2014.
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WHY IT MATTERS

Microbial speciation is difficult to 
study because bacterial populations 
often lack clear species boundaries, 
sexual reproduction, or obvious 
geographic barriers. Comparative ge-
nomics can identify related genomes, 
but ecological interpretation requires 
knowing whether those genomes rep-
resent interacting populations within 
the same habitat. Marine Vibrio pro-
vides a useful test case because close-
ly related strains coexist in the same 
water column while differing in their 
association with organic particles. 
These particles create microscale 
habitats where selection, dispersal, 
recombination, and resource use 
can interact to generate ecological 
differentiation.



•MICROBIAL PLANET DISPATCH VOL. 1 • ISSUE 1 MICROBOMICS.COM

Microscale Habitats and the Early Stages of Bacterial Speciation

localized genomic changes. Much of 
the genome remained incongruent with 
the habitat split, while specific regions 
carried stronger signals of ecological 
association.

	 This pattern suggests that 
bacterial adaptation can be gene-spe-
cific or region-specific during the early 
stages of divergence. If selection favors 
alleles associated with particle attach-
ment or free-living dispersal, recombi-
nation may spread those alleles within 
habitat-associated groups while the rest 
of the genome remains more mixed. 
Over time, ecological specialization can 
reduce gene flow between groups if 
recombination becomes more frequent 
within habitats than between them4. 
Ecological differentiation and recombi-
nation barriers may therefore reinforce 
one another.

	 The flexible genome provides 
a mechanistic connection between 
habitat use and population structure. In 
particle-associated Vibrio populations, 
genes related to biofilm formation and 
mannose-sensitive hemagglutinin pili, 
which contribute to chitin adhesion, 

were enriched in strains associated 
with larger particles3. A follow-up 
study showed that particle-associated 
and more migratory populations also 
differed in traits related to attachment, 
biofilm formation, motility, chemotaxis, 
and resource tracking5. Particle-associ-
ated strains were better at attaching to 
surfaces and forming biofilms, whereas 
migratory strains were better able to 
relocate under time-varying nutrient 
conditions.

	 Together, these studies show 
how bacterial diversification can 
emerge at spatial scales far smaller than 
those usually considered in speciation. 
A water sample may appear mixed, but 
bacteria experience a highly structured 
environment of particles, gradients, 
and ephemeral resource patches. The 
Vibrio system illustrates how ecological 
opportunity, flexible genes, localized 
selection, recombination, and behavior 
can interact during early population di-
vergence. Microbial speciation is there-
fore not only a question of sequence 
distance, but of how ecological differ-
entiation becomes coupled to genome 
structure.
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KEY FINDINGS

•	 Marine particles create microscale 
habitats that can structure bacterial 
diversity.

•	 Closely related Vibrio strains can share 
identical 16S rRNA genes yet differ 
ecologically.

•	 Habitat-associated SNPs can cluster in 
specific genomic regions rather than 
across the whole genome.

•	 Recombination may occur more often 
within habitat-associated groups than 
between them.

•	 Flexible genes linked to attachment, 
biofilm formation, and chitin adhe-
sion can support particle-associated 
lifestyles.

•	 Behavioral tradeoffs between attachment 
and dispersal may contribute to early 
bacterial population divergence.

1. Hunt DE, David LA, Gevers D, Preheim SP, Alm EJ, Polz MF. 2008. Resource partitioning and sympatric differentiation among closely related bacterio-
plankton. Science 320: 1081–1085.
2. Datta MS, Sliwerska E, Gore J, Polz MF, Cordero OX. 2016. Microbial interactions lead to rapid micro-scale successions on model marine particles. 
Nature Communications 7: 11965.
3. Shapiro BJ, Friedman J, Cordero OX, Preheim SP, Timberlake SC, Szabó G, Polz MF, Alm EJ. 2012. Population genomics of early events in the ecologi-
cal differentiation of bacteria. Science 336: 48–51.
4. Cordero OX, Polz MF. 2014. Explaining microbial genomic diversity in light of evolutionary ecology. Nature Reviews Microbiology 12: 263–273.
5. Yawata Y, Cordero OX, Menolascina F, Hehemann JH, Polz MF, Stocker R. 2014. Competition–dispersal tradeoff ecologically differentiates recently 
speciated marine bacterioplankton populations. Proceedings to the National Academy of Sciences 111: 5622–5627.
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Trait Variability and 
Niche Partitioning in 
Prochlorococcus
Nitrogen assimilation in Prochlorococcus reveals how microbial 
traits can diversify within closely related lineages. What ap-
pears at first to be a simple pattern of  gene gain may instead 
reflect vertical inheritance, gene loss, homologous recombi-
nation, and ecological differentiation across ocean gradients.

By Alexander B. Chase, Ph.D.
Department of  Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 8, 2026 (reprinted from blog post on 8/22/2019)

Trait variability structures Prochlorococcus niches across ocean gradients

A central question in ecology is why so many lineages coexist. 
Neutral theory emphasizes 

stochastic processes such as drift and 
dispersal limitation, whereas niche 
theory emphasizes ecological differenc-
es among organisms1. Under a niche-
based framework, coexistence depends 
on how organisms partition resources, 
tolerate environmental conditions, and 
interact with one another2. These pro-
cesses are mediated by traits. If traits 
determine how organisms respond to 
abiotic and biotic conditions, then the 
evolution of traits should shape the eco-
logical structure of communities.

	 Microbial ecology has increas-
ingly adopted this trait-based perspec-
tive, but the challenge is scale. Many 
microbial traits vary among closely 
related lineages that are poorly resolved 
by broad marker-gene surveys3. This 
makes it difficult to connect microbial 
community patterns to the evolution-
ary processes that generate functional 
diversity. Prochlorococcus, a globally 

abundant marine cyanobacterium, has 
become a model for this problem. Along 
with its sister genus Synechococcus, it 
dominates large regions of the ocean 
and contributes substantially to marine 
primary production6. Yet within Prochlo-
rococcus, decades of work have shown 
that fine-scale phylogenetic clades differ 
in light adaptation, temperature pref-
erence, nutrient physiology, pigmenta-
tion, and growth rate4.

	 These differentiated clades, 
often described as ecotypes, are dis-

tributed across ocean gradients in ways 
that match their physiological traits. 
Some ecotypes are adapted to high-light 
surface waters, whereas others occur 
deeper in the water column. Their 
distributions also vary with tempera-
ture, nitrate, and other environmental 
factors7. This correspondence between 
traits and geography makes Prochloro-

“Superficially, this emergent pattern in 
microbial trait variability might appear 
to be the result of horizontal gene trans-
fer, but our evidence indicates that the 
observed patterns can be attributed to 
processes of vertical descent, gene loss, 
and recombination between close rela-
tives that have operated throughout the 
entire radiation of Prochlorococcus.”

— Berube et al. 2019.
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WHY IT MATTERS

Niche theory links species coexis-
tence to differences in resource use, 
environmental tolerance, and func-
tional traits. In microbes, these ideas 
are difficult to apply because closely 
related lineages can share nearly 
identical marker genes while differ-
ing in ecologically important traits. 
Prochlorococcus provides a powerful 
example because its ecotypes are 
globally distributed, physiologically 
differentiated, and structured across 
light, temperature, and nutrient 
gradients. The evolution of  nitrogen 
assimilation traits shows how micro-
bial niche differentiation can emerge 
through the interaction between 
genome evolution, recombination, 
and environmental selection.
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Trait Variability and Niche Partitioning in Prochlorococcus

coccus a key example of microbial niche 
partitioning: closely related lineages 
coexist because they differ in the envi-
ronmental conditions under which they 
perform best.

	 Nitrogen assimilation pro-
vides a particularly useful lens into the 
evolution of microbial trait variability. 
Nitrogen is often limiting for phyto-
plankton, and the ability to use different 
nitrogen sources can strongly influ-
ence ecological success. Synechococcus 
broadly retains the capacity for nitrate 
assimilation, but in Prochlorococcus the 
complete nitrate assimilation pathway 
is patchily distributed and restricted to 
particular clades8. At first glance, this 
pattern could suggest repeated horizon-
tal transfer of nitrate assimilation genes 
into recently evolved Prochlorococcus 
lineages.

	 Berube and colleagues tested 
this interpretation by examining the 

distribution and evolutionary history 
of nitrate assimilation genes across 
hundreds of Prochlorococcus and Syn-
echococcus genomes, including sin-
gle-cell genomes5. Rather than finding 
strong evidence for repeated horizontal 
transfer, they found that phylogenies of 
genes surrounding the nitrate pathway 
were largely congruent with the core 
genome phylogeny. The nitrate gene 
cluster also showed conserved synteny 
within clades. These patterns support 
a more complex evolutionary model 
in which the pathway reflects vertical 
inheritance, differential gene loss, and 
recombination among close relatives 
rather than repeated acquisition from 
distant lineages.

	 Homologous recombination is 
central to this interpretation. Because 
recombination declines with increas-
ing sequence divergence, it can act as 
a cohesive force within closely relat-
ed clades while weakening between 
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diverging lineages. In Prochlorococcus, 
high recombination relative to muta-
tion suggests that genetic exchange 
has helped maintain similarity within 
clades, including within nitrate assimi-
lation regions. Low nucleotide diversity 
in some nitrate alleles further suggests 
that gene-specific sweeps may have 
occurred when nitrate assimilation 
provided an ecological advantage.

	 The result is a model in which 
trait variability emerges through both 
ecological and evolutionary processes. 
Resource competition and environ-
mental gradients can favor different 
nitrogen-use strategies. Gene loss can 
remove costly pathways when they are 
not advantageous. Homologous recom-
bination can maintain adaptive variants 
within clades. As lineages diverge, de-
clining recombination can allow traits 
to become increasingly associated with 
particular ecotypes. Thus, niche parti-
tioning is not simply a consequence of 

Global distributions of  Pro and Syn at sea surface.
From Flombaum et al. 2013.
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Location of  the nitrate assimilation cluster in the high light clade (HL). All strains in the HL clade contain identical gene order 
and genomic location of  the nitrate assimilation gene cluster.

From Berube et al. 2019.
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Trait Variability and Niche Partitioning in Prochlorococcus
trait differences; it is also shaped by the 
evolutionary processes that determine 
how traits are inherited, lost, recom-
bined, and maintained.

	 The broader lesson is that 
microbial trait distributions cannot be 
inferred from gene presence alone. A 
patchy trait may reflect recent hori-
zontal transfer, but it may also reflect 

deeper histories of vertical descent, 
gene loss, recombination, and selection. 
In Prochlorococcus, nitrogen assimilation 
shows how fine-scale trait variability 
can illuminate the mechanisms linking 
microbial evolution to coexistence, 
biogeography, and niche differentiation.
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KEY FINDINGS

•	 Microbial coexistence can arise through 
fine-scale niche partitioning among 
closely related lineages.

•	 Prochlorococcus ecotypes differ in traits 
linked to light, temperature, nutrients, 
and geography.

•	 Nitrate assimilation genes are patchily 
distributed across Prochlorococcus 
lineages.

•	 This patchiness does not necessarily 
reflect repeated horizontal gene 
transfer.

•	 Vertical inheritance, gene loss, and 
homologous recombination can shape 
trait distributions.

•	 Trait variability provides a bridge 
between microbial evolution, niche 
theory, and biogeography.

1. Hubbell SP. 2001. The Unified Neutral Theory of Biodiversity and Biogeography. Princeton University Press. 
2. Chase JM and Leibold MA. 2003. Ecological Niches. The University of Chicago Press.
3. Chase AB, Gomez-Lunar Z, Lopez AE, Li J, Allison SD, Martiny AC, Martiny JBHM. 2018. Emergence of soil bacterial ecotypes along a climate gradi-
ent. Environmental Microbiology 20: 4112–4126.
4. Martiny JBHM, Jones SE, Lennon JT, Martiny AC. 2015. Microbiomes in light of traits: a phylogenetic perspective. Science 350: aac9323.
5. Berube PM, Rasmussen A, Braakman R, Stepanauskas R, Chisholm SW. 2019. Emergence of trait variability through the lens of nitrogen assimilation 
in Prochlorococcus. eLife 8: e41043.
6. Flombaum P, Gallegos JL, Gordillo RA, Rincón J, Zabala LL, Jiao N, Karl DM, Li WKW, Lomas MW, Veneziano D, Vera CS, Vrugt JA, Martiny AC. 2013. 
Present and future global distributions of the marine Cyanobacteria Prochlorococcus and Synechococcus. Proceedings to the National Academy of Sciences 
110: 9924-9829.
7. Johnson ZI, Zinser ER, Coe A, McNulty NP, Woodward EMS, Chisholm SW. 2006. Niche partitioning among Prochlorococcus ecotypes along ocean-scale 
environmental gradients. Science 311: 1737-1740.
8. Berube PM, Biller SJ, Kent AG, Berta-Thompson JW, Roggensack SE, Roache-Johnson KH, Ackerman M, Moore LR, Meisel JD, Sher D, Thompson LR, 
Campbell L, Martiny AC, Chisholm SW. 2015. Physiology and evolution of nitrate acquisition in Prochlorococcus. The ISME Journal 9: 1195-1207.
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Proposed model mapping the vertical inheritance of  the nitrate assimilation pathway onto a general model of  speciation in 
Prochlorococcus (adapted from Braakman et al., 2017).

From Berube et al. 2019.
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Molecular Units Are 
Not Biological Units
Microbial ecology often treats OTUs, ASVs, genomes, 
strains, populations, and species as interchangeable units of  
diversity. They are not. Each molecular unit resolves a differ-
ent scale of  biological variation, and ecological inference 
depends on matching that scale to the traits, populations, 
and evolutionary processes being studied.

By Alexander B. Chase, Ph.D.
Department of  Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 8, 2026 (reprinted from blog post on 8/26/2019)

Different data types reveal different scales of  microbial diversity

Microbial ecology depends on 
molecular methods, but mo-
lecular units are not the same 

as biological units1. Marker genes, ampl-
icon sequence variants, OTUs, genomes, 
strains, ecotypes, and populations each 
describe different scales of diversity. 
The problem is not that microbiologists 
use too many terms. The problem is that 
microbial diversity is usually inferred 
indirectly, and different methods 
resolve different layers of biological or-
ganization. Ecological and evolutionary 
inference depends on recognizing what 
each unit can and cannot represent.

	 This issue is especially clear 
for 16S rRNA gene surveys. Amplicon 
sequencing made it possible to compare 
microbial communities across soils, 
oceans, hosts, and engineered environ-
ments at unprecedented scale. OTUs 
provided an early operational frame-
work for organizing this diversity, often 
using a 97% similarity threshold. More 
recent approaches use exact sequence 
variants, or ASVs, to resolve finer-scale 
variation within targeted regions of 
the 16S rRNA gene. These methods are 

powerful for community comparison, 
but they are not equivalent to species or 
populations. A 16S-defined unit can con-
tain organisms that differ substantially 
in genome content, physiology, envi-
ronmental distribution, and ecological 
function.

	 The conceptual problem is 
one of scale. A molecular marker may 
resolve broad phylogenetic relation-
ships while missing the level at which 
ecologically relevant traits vary. A single 
16S OTU may contain lineages with 
distinct carbon-use traits, temperature 
responses, resource preferences, or 
environmental distributions. Converse-
ly, a fine-scale amplicon variant may 
capture sequence variation that has no 
clear ecological interpretation. Without 
matching molecular resolution to the 
biological question, microbial ecology 
risks mistaking analytical units for natu-

ral units.

	 Whole-genome comparisons 
provide one way to improve resolution. 
Average nucleotide identity, or ANI, has 
become a widely used genomic metric 
for delineating bacterial species, with 
values near 95% ANI often correspond-
ing to discontinuities among named 

“So “microdiversity” is intraspecific 
genetic variation, why do microbiologists 
have to invent new terms?!?”

— Michael Brockhurst (@BrockhurstLab)
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WHY IT MATTERS

Microbial diversity is usually 
measured through molecular prox-
ies, from 16S rRNA amplicons to 
whole-genome comparisons. These 
approaches have transformed mi-
crobial ecology, but they also create 
a persistent interpretive problem: 
the units produced by sequencing 
workflows are not automatically 
equivalent to species, populations, or 
ecotypes. OTUs and ASVs can reveal 
broad community structure, ANI can 
delineate genomic similarity, and 
recombination can identify popula-
tion boundaries, but each approach 
captures a different layer of  biolog-
ical organization. The challenge is 
not choosing one universal unit, but 
selecting the unit whose resolution 
matches the ecological or evolution-
ary question.


