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icrobial ecology is increas-

ingly moving from describing

community patterns to ex-
plaining their functional consequences.
This issue focuses on that transition:
how microbial diversity, biogeography,
traits, and activity shape ecosystem pro-
cesses across soils, oceans, plants, and
biogeochemical cycles.

The first dispatch introduces
trait-based approaches for linking mi-
crobial diversity to ecosystem function,
emphasizing how physiological strate-
gies mediate responses to environmen-
tal gradients. The second moves below
community-level biogeography to ex-
amine how populations, strains, genes,
and protein variants structure microbial
distributions across space. The third
focuses on the challenge of connecting
microbial structure to function, high-
lighting resistance, resilience, physio-
logical traits, metatranscriptomics, and
relic DNA. The final dispatch turns to
ocean biogeochemistry, showing how
nutrient-related genes in marine cyano-
bacteria can serve as biological indica-
tors of carbon, nitrogen, phosphorus,
and iron cycling.
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Integrated role and feedback systems of microbial-mediated ecosystem processes

Together, these pieces empha-
size that microbial ecosystems are best
understood by connecting who is there,
what traits they carry, what they are
doing, and how those activities scale to
ecosystem function.

“Half the oxygen we breathe emanates
from microscopic phytoplankton sloshing
around the surface of the ocean. After
literally billions of years of performing
that essential, priceless service, those vital
organisms now must swim and feed and
survive in a sea of plastic soup. Figuring
out what’s up with those organisms is,
Goldstein suggests, a pretty vital matter. If
we are inadvertently killing them off, the
result could be far less visible, but even
more devastating, than deforestation.”

— E Humes. 2012.
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Macrobial traits connect environmental gradients to ecosystem processes and plant—soil feedbacks

microbes to ecosystem outcomes.
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JUNE 9, 2026 (reprinted from blog post on 10/02/2019)

central goal in microbial ecology

is to connect community com-

position to ecosystem function.
Microbial surveys can describe diversity
across soils, oceans, hosts, sediments,
and engineered systems, but composi-
tion alone does not explain why com-
munities matter. The larger question
is functional: when does a change in
microbial community structure alter
decomposition, respiration, nutrient
cycling, plant health, or ecosystem re-
sponses to environmental change?

Trait-based ecology provides
a useful framework for answering this
question. Traits determine how organ-
isms respond to abiotic conditions,
interact with other organisms, and
contribute to ecosystem processes. In
plants and animals, trait-based ap-
proaches connect individual physiology
to community assembly and ecosystem
function. The same logic applies to
microbes, although the traits are often
harder to measure. Microbial traits
may include substrate use, temperature
tolerance, growth rate, stress resistance,
enzyme production, resource acqui-

sition strategies, or interactions with
plants and other microbes.

One challenge is that it is im-
possible to measure every trait for every
microbe in a community. A practical
approach is to focus on dominant taxa,
community-level functional responses,
or aggregate traits linked to ecosys-
tem processes. For example, studies
of soil bacterial ecotypes have shown
that closely related lineages can differ
in traits relevant to environmental
distributions and carbon processing’.
More broadly, recent reviews argue that
microbial trait frameworks can connect
diversity to ecosystem functioning, es-
pecially where microbial communities
mediate carbon cycling, nutrient trans-
formations, and climate responses®*.

Environmental gradients pro-
vide a natural setting for testing these
ideas. Microbial communities experi-
ence variation in temperature, mois-

“ ]
Here, we are calling for a return to the
. . 9
trait and environment-focused route.
— McGill et al. 2006.

WHY IT MATTERS

A major goal in microbial ecology is
to understand when changes in com-
munity composition translate into
changes in ecosystem function. Trait-
based ecology provides one way to
make that connection because traits
determine how organisms respond to
temperature, moisture, salinity, pH,
resources, and biotic interactions.

In microbial systems, many traits
are difficult to measure directly, but
community-level functions such as
decomposition, respiration, nutrient
cycling, and plant responses can
provide a bridge between microbial
diversity and ecosystem processes.

ture, pH, salinity, oxygen, and resource
availability. If taxa differ in physiolog-
ical responses to these gradients, then
community composition should affect
functional outcomes. Decomposition
offers a clear example. In a reciprocal
transplant experiment across a climate
gradient, decomposition responses
depended on microbial community
composition, showing that climate
effects were mediated partly by which
microbial communities were present®.
Similarly, salinity can act as an environ-
mental filter, shifting microbial commu-
nity structure, trait distributions, and
ecosystem functions’.
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Traits by Gradients. Each line represents a different taxa.
A) Physiological response curve of trait performance by some
environmental variable (temperature) C) Expected niche of
each taxa based on physiological measurements.

From McGill et al. 2006.°

Plant-soil interactions add
another layer. Plants and microbes both
respond to environmental gradients,
and their traits can feed back on one
another. At broad spatial scales, plant
and soil microbial diversity can be

CITATIONS
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structured by functional traits associat-
ed with climate and ecosystem proper-
ties®. At local scales, initial soil microbi-
ome composition can influence future
plant health, suggesting that microbial
community structure and function can
predetermine disease outcomes®. Plants
also shape their rhizosphere through
root exudates, releasing dynamic chem-
ical mixtures that select for microbes
with different substrate preferences and
drive community assembly™.

The broader lesson is that
microbial diversity matters most when
connected to traits and processes.
Richness, composition, and taxonomic
turnover are important starting points,
but ecosystem ecology requires asking
what microbial communities do. Which
taxa decompose particular substrates?
Which traits respond to warming,
drying, or salinity? Which microbial
functions affect plant performance?
Which community changes alter carbon
cycling or nutrient availability?

KEY FINDINGS

* Microbial composition can influence eco-
system processes, but the strength of
this link depends on functional traits.

e Trait-based frameworks connect micro-
bial ecology to broader theories of
ecosystem functioning.

* Environmental gradients can filter mi-
crobial communities by selecting for
different physiological strategies.

* Decomposition responses to climate can
depend on microbial community
composition.

* Soil microbial communities can influence
plant health and ecosystem feedbacks.

Microbial ecosystem ecology
is therefore moving from description
toward mechanism. Trait-based ap-
proaches bridge microbial identity and
ecosystem function, allowing research-
ers to link environmental gradients,
community composition, physiological
strategies, and biogeochemical out-
comes. The challenge is to identify the
traits and scales that matter most for
each ecosystem process.
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By Alexander B. Chase, Ph.D.

Microbial biogeography emerges across communities, populations, strains, genes,

Department of Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 9, 2026 (reprinted from blog post on 11/04/2019)

iogeography provides a frame-

work for understanding how

ecological and evolutionary
processes shape the distribution of life.
In plants and animals, biogeographic
studies often focus on species ranges,
population structure, dispersal barriers,
and historical events that shape diversi-
fication. In microbial ecology, biogeo-
graphic studies have more often focused
on whole-community composition.
These studies have shown that micro-
bial communities vary across environ-
ments and are often structured by pH,
temperature, salinity, nutrients, host
state, or other environmental gradients.

The next step is to ask whether
these same processes operate within mi-
crobial taxa. Community-level patterns
can reveal that environments select for
different microbial assemblages, but
they often miss variation among closely
related lineages. Fine-scale genetic
diversity can determine whether popu-
lations exchange genes, occupy distinct
habitats, or carry different functional

traits. Resolving microbial biogeography
below the community level is therefore
essential for connecting spatial patterns
to eco- and evo- mechanisms’.

At global scales, microbial lin-
eages can show strong structure across
geography and phylogeny. In the soil-as-
sociated genus Mesorhizobium, large-
scale sampling from chickpea nodules
revealed extensive genomic diversity, in-
cluding many distinct species-level clus-
ters?. Gene content was more strongly
associated with phylogenetic distance
than geographic proximity, suggesting
that shared ancestry constrained much
of the genomic repertoire. Yet mobile

“These formidable challenges stress the
importance of designing appropriate
experiments to uncover variables that
underpin the evolutionary divergence of
closely related lineages, and drive tran-
sitions between them through space and

. »
time.

— Delmont et al. 2019.

and protein variants

WHY IT MATTERS

Biogeography asks why organisms
occur where they do. In microbial
ecology, early work often focused on
community-level patterns, linking
microbial composition to envi-
ronmental gradients such as pH,
temperature, salinity, and nutrients.
More recent studies now ask whether
similar biogeographic processes
structure microbial taxa below the
community level. This shift matters
because microbial populations can
differ in gene flow, flexible gene con-
tent, functional traits, and ecological
roles even when they appear similar
by broad marker-gene surveys.

integrative conjugative elements car-
rying symbiosis-related genes moved
across lineages, showing that horizontal
transfer can overlay functional similari-
ty onto deeper phylogenetic structure.

Marine systems show a related
problem at enormous scale. The SAR11
clade is globally distributed and abun-
dant, but contains fine-scale diversity
with distinct biogeographic patterns.
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Microbial Biogeography Below the Community Level
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Pairwise gene content vs. whole-genome nucleotide differences,
colored by geographic distance separation.
From Greenlon et al. 2019.

Delmont and colleagues used metag-
enomic read recruitment to examine
single-amino-acid variants, or SAAVs,
within a globally distributed SAR11 sub-
clade®. Rather than asking only where

a taxon occurred, they asked whether
amino-acid differences within shared
proteins showed spatial structure across
ocean metagenomes.

This is a useful conceptual
advance because SAAVs occupy an
intermediate scale between nucleo-
tide variation and broad gene-content
differences. Nucleotide variants can
reflect many processes, including
synonymous changes with little direct
effect on protein function. Gene-content
differences can identify larger ecologi-
cal or evolutionary shifts, but may miss
finer variation within conserved genes.
Amino-acid variants focus attention on
changes that alter protein sequence and
may therefore be more directly exposed
to selection. In the SAR11 study, the
authors combined metagenomic varia-

tion with information about amino-acid
chemistry and protein structure to ask
whether nonsynonymous variation was
shaped by neutral divergence or by
selection acting on protein properties®.

Their results suggested that
purifying selection strongly constrained
nonsynonymous variation in closely
related SAR11 populations. Amino-acid
variants were not distributed randomly
across proteins. Instead, many substi-
tutions appeared constrained by their
biochemical effects, consistent with
selection against deleterious changes. At
the same time, SAAV profiles partitioned
ocean metagenomes into broad groups
associated with large-scale temperature
regimes and into finer “proteotypes”
that connected distant ocean regions®.
This result is important because it
shows that microbial biogeography
can be detected at the scale of protein
variants, not only at the scale of species,
genomes, or communities.

The SAR11 example also
illustrates why scale matters. A globally
distributed microbial clade may appear
cosmopolitan, but finer resolution can
reveal structured variation that maps
onto environmental gradients. This
does not simply mean that “everything
is everywhere.” Rather, it suggests that
dispersal, selection, and genetic con-
straint operate simultaneously. SAR11
lineages may be broadly distributed
across oceans, while particular protein
variants or proteotypes are filtered
by temperature and other correlated
environmental conditions. Biogeogra-
phy is therefore not erased by microbial

dispersal; it becomes visible at the scale
where ecological and evolutionary vari-
ation is resolved.

At regional scales, population
structure can reveal how geography
and environment interact. In terres-
trial soils, closely related bacterial
populations can be structured by both
isolation by distance and isolation by
environment®. This means that spatial
separation can limit gene flow, while
environmental differences can also se-
lect for distinct populations or genomic
backgrounds. Such patterns are difficult
to detect with broad community surveys
because they occur within lineages that
may appear taxonomically similar.

Host-associated systems add
another layer. Deep-sea mussels can
harbor multiple intracellular symbi-
ont strains within a single individual,
despite the expectation that similar
strains should competitively exclude
one another’. Strain-resolved metage-
nomics and transcriptomics revealed
functional differences among coexisting
symbionts, including genes linked to
energy metabolism. Fine-scale spatial
organization within host tissues may
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From Chase et al. 2019.
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allow functionally distinct strains to co-
exist by partitioning host microhabitats
or metabolic roles.

Together, these studies show
that microbial biogeography is scale-de-
pendent. At broad scales, environmen-
tal gradients structure communities. At
finer scales, gene flow, recombination,
flexible genes, mobile elements, protein
variants, and functional differentiation
structure populations and strains. The
relevant unit may be a species cluster,

CITATIONS AND FURTHER READING

Simultaneous FISH of hydrogenase operon (violet) and 16S rRNA (green) of the SOX symbuont in gill tissue of B.

ecotype, population, symbiont strain,
mobile element, functional gene, or
even an amino-acid variant. The chal-
lenge is to match the scale of obser-
vation to the biological process being
inferred.

Microbial biogeography is
therefore not only about where taxa
occur. It is about how spatial structure,
environmental selection, gene flow, and
functional variation shape microbial di-
versity across scales. Moving below the
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KEY FINDINGS

Microbial biogeography can be studied
at community, species, population,
strain, and gene-content scales.

Geography and phylogeny can have
different effects on gene sharing and
population structure.

Global microbial clades can contain finer
lineages with distinct environmental
distributions.

Regional soil bacterial populations
can show patterns consistent with
isolation by distance and isolation by
environment.

Gene flow and flexible gene content
can vary even among closely related
sympatric strains.

Fine-scale functional variation can sup-
port coexistence of multiple symbiont
strains within a single host.

community level allows microbial ecol-
ogy to connect biogeographic patterns
to the mechanisms that generate and
maintain diversity in natural systems.
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2019. Patterns of inter- and intrasubspecific homologous recombination inform eco-evolutionary dynamics of Xylella fastidosa. The ISME Journal 13:

2319-2333.
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bacteria. mBio 10(5): e02361-19.
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Framework to link microbial structure to function

Linking Microbial
Structure to Function

Microbial ecology increasingly aims to connect who is

1. DIVERSITY & CONTEXT 2. TRAITS & PHYSIOLOGY 3. ACTIVITY & RESPONSE ‘

4. ECOSYSTEM FUNCTION
What are they doing? What difference does it make?

Trat-based characterizatior

5| 000@

From potential to function

present with what communities do. Trait-based physiology,

resistance and resilience frameworks, metatranscriptomics,

@ wosure Genomic potential (predictions)

and relic-DNA-aware sampling help link microbial commu-
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Integrating diversity, traits, activity, and context to link microbial structure to communaty function

JUNE 10, 2026 (reprinted from blog post on 11/04/2019)

icrobial ecology has become

exceptionally good at de-

scribing community patterns.
Surveys can identify which taxa occur in
soils, oceans, rhizospheres, sediments,
and host-associated systems, and how
those communities change across gradi-
ents or disturbances. The more difficult
question is functional: when do those
compositional differences alter eco-
system processes? Linking structure to
function requires moving from patterns
of diversity to the traits, activities, and
responses that determine what microbi-
al communities actually do.

Resistance and resilience
provide one framework for making this
link. Resistance describes the ability of
a community to withstand disturbance,
while resilience describes its capacity to
return after disturbance. Soil microbial
responses to drought, heat, altered pre-
cipitation, or other disturbances depend
on both intrinsic properties, such as
taxonomic and functional diversity, and
extrinsic factors, such as soil structure,
resource availability, plant inputs, and
climate history'2. A trait-based view

helps connect these factors by asking
which microbial strategies confer per-
sistence, recovery, or transition to an
alternative community state.

A major challenge is deciding
which traits matter. Carbon use efficien-
cy, or CUE, links microbial physiology
to carbon cycling by describing how
much assimilated carbon is allocated
to growth rather than respiration. In
diverse soil isolates, CUE and its tem-
perature sensitivity varied substantially
across taxa®. This variation complicates
efforts to predict microbial carbon
cycling from simple genomic proxies.
Genomic features such as rRNA operon
copy number or extracellular enzyme
genes may suggest aspects of ecological
strategy, but they do not always predict
measured physiological rates. Similar

“community-level differences in [carbon
use efficiency] temperature response may
be underlain by both shifts in who or what
is active and the direct physiological ef-
fects of warming on a fixed community.”
— Pold et al. 2020.

WHY IT MATTERS

Microbial community surveys reveal
strong patterns across habitats,
gradients, and time, but composition
alone does not explain ecosystem
function. A central challenge is

to identify which microbial traits
determine resistance, resilience,
carbon cycling, plant interactions,
and responses to climate extremes.
This requires integrating commu-
nity ecology, physiology, genomics,
transcriptomics, and time-resolved
sampling to understand when micro-
bial structure predicts function and
when it does not.

variation in carbon use across closely
related soil bacterial strains further
reinforces that physiology cannot be
inferred from taxonomy or genome
content alone*.

Trait-based approaches can
also scale from organisms to whole
communities. Phytoplankton provide
one of the clearest microbial exam-
ples because their physiology, envi-
ronmental distributions, and global
biogeochemical roles are tightly linked.

MICROBIAL PLANET DISPATCH +« VOL.2

ISSUE 2 7

MICROBOMICS.COM




NEWS. DISCOVERY. IMPACT.

A BETTER TOMORROW —o

o— SCIENCE TODAY

)]
1

v\

| EST.2019 |

DISPATCH -

Linking Microbial Structure to Function

Quantitative niche modeling of picophy-
toplankton showed that major groups
partition environmental space, includ-
ing gradients in temperature and light.
This approach connects taxonomic
distributions to environmental response
traits and helps explain how function-
ally distinct microbial groups may
respond differently to ocean warming.

In soils, metatranscriptomics
offers a way to move from functional
potential to functional activity. Metage-
nomes identify genes that are present,
but they do not show which pathways
are active at a given time or place.
Time-resolved metatranscriptomics of
the rhizosphere revealed spatial and
temporal niche differentiation, with
microbial functions shifting across
root-associated and bulk soil habitats®.
Functional guilds emerged around
different plant-derived resources,
including root exudates, decaying roots,
root biomass, and root material. These
results show that microbial function is
not only habitat-specific, but also tem-
porally structured as resources change.

CITATIONS AND FURTHER READING

Even DNA-based community
patterns require careful interpretation.
Relic DNA from dead cells can persist in
soils and obscure temporal dynamics.
Fine-scale spatial and temporal sam-
pling has shown that spatial variation
often explains major differences in
microbial community composition, but
relic DNA can mask changes through
time’. Removing or accounting for relic
DNA can reveal temporal signals that
are otherwise dampened.

Together, these studies show
that microbial structure-function
links depend on scale, trait choice, and
measurement. Community composition
can predict function when taxa differ in
relevant traits and when those traits are
expressed under the conditions being
studied. But taxonomy, genome content,
and DNA abundance are imperfect
proxies. Physiological assays, trait mea-
surements, niche models, metatran-
scriptomics, and temporal sampling are
all needed to determine when diversity
matters for ecosystem processes.

The broader goal is not simply

.

.

.

.

.

KEY FINDINGS

Resistance and resilience provide a
framework for linking microbial com-
munities to climate responses.

Taxonomic and functional diversity can
shape how soil microbiomes respond
to environmental extremes.

Carbon use efficiency varies across taxa
and temperature, complicating simple
genomic prediction.

Physiological measurements remain es-
sential because genomic traits do not
always predict functional rates.

Niche modeling can connect phytoplank-
ton distributions to environmental
responses across global scales.

Metatranscriptomics and relic DNA
removal can better resolve active
microbial function through time.

to catalog microbial communities, but
to build predictive frameworks for how
they respond to environmental change.
Linking microbial structure to func-
tion requires identifying the traits that
govern resistance, resilience, resource

use,

and activity, then asking how those

traits scale from individual strains to
communities and ecosystems.
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Microbial Traits as
Signals of Ocean
Biogeochemistry

Microbial genomes can record adaptation to nutrient avail-
ability. In surface oceans, nutrient-related genes in Prochlo-
rococcus and Synechococcus provide trait-based signals that
improve predictions of carbon, nitrogen, phosphorus, and
iron cycling across biogeochemical regions.
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Microbial nutrient traits improve predictions of surface ocean biogeochemistry
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central goal in microbial ecology

is to connect microbial commu-

nity structure to ecosystem pro-
cesses. This goal is especially important
in the ocean, where microbial commu-
nities regulate global carbon fixation,
nutrient cycling, and elemental stoichi-
ometry. Predicting how marine bio-
geochemical cycles respond to climate
change requires more than measuring
temperature, nutrients, or biomass. It
also requires understanding how mi-
crobial traits vary across environments
and how those traits influence carbon,
nitrogen, phosphorus, and iron cycling.

Trait-based ecology provides
a framework for this problem. Rather
than treating microbial communities
only as lists of taxa, trait-based ap-
proaches ask which biological features
determine environmental responses
and ecosystem functions!. In marine
biogeochemistry, this logic is powerful
because nutrient measurements can
be difficult to interpret. Nitrogen, for ex-
ample, can occur in different chemical
forms, and a single concentration mea-

surement may not capture the biologi-
cal availability of ammonium, nitrate,
nitrite, urea, or other sources. Microbial
genomes can provide a complementa-
ry view by showing which uptake and
assimilation pathways are encoded by
organisms living in a given region.

Prochlorococcus and Synechoc-
occus are especially useful systems for
applying this logic. These cyanobacteria
are globally abundant, contribute sub-
stantially to marine primary produc-
tion, and have been studied for decades
as models of nutrient niche partition-
ing. A complementary phylogeographic
study of 339 samples from the tropical
Pacific and North Atlantic used the

I . . .

The evolutionary diversification of
Prochlorococcus has been closely as-
sociated with environmental factors...

Thus, there is a clear association between

phylogeny and environmental niches of
ecotypes in Prochlorococcus.”

— Rent et al. 2019.

WHY IT MATTERS

A major goal in microbial ecosystem
ecology is to connect microbial com-
munity structure to biogeochemical
cycles. This requires identifying traits
that link environmental conditions,
microbial adaptation, and ecosystem
processes. In marine systems, cyano-
bacteria such as Prochlorococcus and
Synechococcus are especially useful
because they are globally abundant,
contribute substantially to primary
production, and have well-character-
ized nutrient acquisition strategies.
Their genomes can therefore provide
biological information about nutrient
limitation that may be difficult to
capture from environmental chemis-
try alone.

highly variable marker gene rpoC1I to
compare diversity within both genera?.
Although Prochlorococcus has a clearer
phylogenetic hierarchy of ecotypes
and Synechococcus contains clades with
more overlapping physiologies, both
groups showed parallel niche distribu-
tions across latitude, depth, and ocean
region. This result is important because
it suggests that traits may be organized
at different phylogenetic depths, but
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Microbial Traits as Signals of Ocean Biogeochemistry

Different microbial compositions can converge on or diverge in
ecosystem_function.

still produce comparable biogeograph-
ic structure across related microbial
lineages.

Garcia and colleagues extend-
ed this framework from phylogeogra-
phy to biogeochemistry by focusing on
nutrient-related genes in Prochlorococcus
and Synechococcus®. In nutrient-stressed
environments, cells may encode addi-
tional or alternative uptake pathways,
such as genes for nitrate, nitrite, urea,
phosphorus, or iron acquisition. These
genes can therefore serve as trait-based
indicators of the nutrient conditions
experienced by microbial populations.
The key step is that the traits are not ge-
neric annotations; they are genes whose
ecological interpretation is supported
by extensive physiological, genomic,
and biogeographic work in these cyano-
bacterial systems.

The study combined global
ocean sampling with metagenomics,
flow cytometry, particulate organic
matter measurements, nutrient chem-
istry, and curated reference databases
of nutrient-related genes?®. By assigning
nutrient genes to Prochlorococcus and
Synechococcus and normalizing their
abundance against single-copy marker
genes, the authors estimated regional

shifts in genomic traits across ocean ba-
sins. This step is important because the
signal depends on reliable taxonomic
assignment and prior biological knowl-
edge of the system. The framework
works best when the focal organisms
and functional genes are well character-
ized.

The resulting nutrient gene
indices showed clear regional patterns.
Some ocean regions were enriched in
genes associated with nitrogen, phos-
phorus, or iron acquisition, and these
patterns corresponded to measured
environmental conditions. In particu-
lar, variation in nutrient-related gene
frequencies reflected the biogeographic
structure of cyanobacterial adaptation.
This suggests that microbial genomes
can contain information about long-
term or recurrent nutrient regimes that
may not be fully captured by instanta-
neous chemical measurements.

The authors then asked wheth-
er these genomic traits improved bio-
geochemical prediction. Nutrient gene
indices were correlated with inorganic
nutrient concentrations and nutrient
uptake, and including microbial traits
improved predictions of elemental
stoichiometry, including carbon ratios®.
This is the central contribution of the
study: microbial genomic variation was
not treated as a separate ecological pat-
tern, but as information that improved
models of ecosystem chemistry.

This approach also highlights a
broader question for microbial eco-
system ecology. In Prochlorococcus and
Synechococcus, decades of physiological,
genomic, and ecological work make it
possible to interpret nutrient genes as
biomarkers of environmental adapta-
tion*. In other systems, the challenge
is to identify which taxa and which
genes provide similarly reliable links
to ecosystem processes. Not every gene

Phylogenetic structure

of Prochlorococcus and
Synechococcus clades common
in open ocean surface waters
with ecotypes labeled.

From Kent et al. 2019.
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