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May 2026 edition of
Marine Microbiome Newsletter.

We highlight marine microbiome research
and news and delve into how invisible first
responders can help us detect environmental

change in the ocean. -

Invisible First Responders: Marine
Microbes Reveal Ocean Change
Before We See It

When we think about the impacts of climate change on
the ocean, we often picture dramatic scenes:
collapsing glaciers, bleached coral reefs, or fish
washing ashore from oxygen-starved waters. These
visible events have become symbols of environmental
change. Yet by the time we can clearly see such
transformations, the ocean may have been responding
for years. Long before habitats no longer support fish
or coastal waters experience the adverse effects of red
tides, the earliest signals of change may have emerged
at a microscopic scale.
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Marine microbes — microscopic bacteria, archaea,
viruses, and single-celled eukaryotes — are the
ocean’s invisible first responders. Though unseen, the
microbiome can react rapidly to shifts in temperature,
oxygen, nutrients, and chemistry. In doing so, not only
can microbes reveal environmental stress before larger
organisms do, they can actively shape how marine
ecosystems respond to ecological change.

Rapid responders

The next time we look out over the ocean, it may
appear unchanged. But beneath the surface, trillions of
microscopic organisms are constantly sensing,
responding, and adapting. A change in temperature, a
drop in oxygen, or a pulse of nutrients can trigger
changes in microbial composition and activity — often
within hours to days. This makes microbes uniquely
valuable for understanding how the ocean works and
for detecting when it begins to change.

Unlike larger organisms, microbes have:

+ Short generation times
+ High metabolic flexibility

These factors, along with vast genetic diversity, allow
microbes to respond quickly to environmental change,
often before visible signs of ecosystem stress emerge.
Studies suggest that the diversity and function of the
marine microbiome are indeed sensitive to climatic-
driven ecosystem conditions (Larkin et al. 2025).



A new lens on ocean health

For much of ocean science history, microbes were
overlooked because they were too small to see, too
hard to identify, and too complex to study easily. Today,
we increasingly recognize that microbial communities
may provide a powerful tool for understanding,
predicting, and potentially mitigating the impacts of a
rapidly changing ocean.

We now know that marine microbes:

« Drive global biogeochemical cycles

« Form the foundation of marine food webs

« Mediate the ocean’s response to climate change
« Produce roughly half of the oxygen we breathe

Studies have highlighted how important microbial
communities are for ecosystem resilience and climate
adaptation. For example, a review by Ashraf et al.
(2023) emphasized the critical role of coral
microbiomes in helping reefs respond to warming
oceans and environmental stress.

A long-term study (Merz et al. 2026) found that ocean
warming not only changed which microbes were
present, but also how they interacted, and such shifting
interactions could fundamentally alter marine
ecosystem functioning in ways current climate models
do not yet fully capture.

From signal to consequence

Microbial shifts are not just passive indicators of
change — they can actively shape ecosystem
outcomes. In coral reefs, for example, microbial
communities closely associated with coral — the coral
holobiont — can undergo major restructuring when
exposed to elevated temperatures. Beneficial microbes
may decline, while potentially harmful microbes
increase, weakening coral resilience and increasing
susceptibility to bleaching and disease. By the time
corals visibly lose their color, microbial warning signs
may already have been present for days or weeks.

Microbes also play a central role in the formation and
persistence of harmful algal blooms (HABs). By
recycling nutrients and interacting with phytoplankton,
microbial communities can either suppress or promote
bloom development. Some microbes are also directly
involved in toxin production, with consequences for
marine life, fisheries, and human health.

In another dramatic example, microbes are key drivers
of low-oxygen “dead zones.” When excess nutrients

enter marine systems, such as from runoff, microbial
respiration accelerates as microbes break down
organic matter. This process consumes dissolved
oxygen, creating hypoxic conditions that can lead to
mass mortality of fish and benthic organisms.

In these and many other cases, microbes operate at
the interface between environmental change and
ecological response. They are not merely withesses to
ecosystem disruption, they are often participants in the
processes that determine its trajectory.

A recent study (Qin et al. 2026) indicates that some
deep-sea microbes are “highly sensitive to temperature
changes” and can adapt iron usage in warming oceans,
with biogeochemical model simulations suggesting a
previously unrecognized way in which ocean warming
could reshape ocean nitrogen cycling throughout
marine ecosystems. In effect, microorganisms may be
rewriting parts of the ocean’s chemical playbook in real
time.

Toward a microbial early warning system

If microbes respond early, and help shape outcomes,
can we use them to predict what comes next?
Increasingly, the answer appears to be yes.

Advances in environmental DNA (eDNA) and
metagenomic sequencing now allow scientists to
characterize entire microbial communities directly from
seawater samples. These technologies reveal not only
which organisms are present, but also their functional
potential and activity.

Researchers are now beginning to identify:

« Microbial “fingerprints” associated with early coral
stress

« Community shifts linked to nutrient pollution
+ Functional signatures of declining oxygen levels

At the same time, autonomous sampling platforms and
ocean observatories are making it possible to collect
microbial data at unprecedented spatial and temporal
scales.

The long-term vision is to integrate these microbial
signals into predictive models capable of forecasting
ecological change before it becomes visible. In this
sense, marine microbiomes could form the basis of a
new environmental forecasting system — one that
operates at the microscopic level, but with global
implications. A paper by Peixoto et al. (2023) proposes
that the microbiome should be a key consideration in



marine conservation and suggested that marine
microbiome restoration could become an important tool
for improving ecosystem resilience in a changing
climate.

Looking ahead

The need for early detection of ecosystem stress is
becoming urgent as coral reefs, polar systems, and
coastal environments are already experiencing rapid
and sometimes irreversible transformations.

Marine microbes offer a powerful and largely untapped
resource in this context. By observing microscopic
communities, scientists may be able to identify warning
signs, better understand ecosystem processes, and
inform more effective conservation strategies.

The challenge now is to translate microbial insights into
actionable knowledge, bridging the gap between
cutting-edge research and real-world decision-making.

References

* Ashraf et al. (2023). Recent advancements in coral health,
microbiome interactions and climate change. Science of
the Total Environment.

doi.org/10.1016/j.scitotenv.2023.163085

* Peixoto et al. (2023). The baseline is already shifted:
marine microbiome restoration for a changing ocean.
Frontiers in Marine Science.
doi.org/10.3389/fmars.2023.1218531

 Larkin et al. (2025). Climate-driven succession in marine
microbiome biodiversity and biogeochemical function.
Nature Communications. doi.org/10.1038/s41467-
025-59382-1

* Merz et al. (2026). Temperature alters interactions and
keystone taxa in the marine microbiome.
doi.org/10.1093/ismejo/wraf287

* Qin et al. (2026). Ocean warming enhances iron use
efficiencies of marine ammonia-oxidizing archaea.

doi.org/10.1073/pnas.2531032123

From Science to Impact:

The Evolution of the Marine
Microbiome Initiative

Since its inception as a working group under the
Atlantic Ocean Research Alliance (AORA), and its
subsequent evolution within the All-Atlantic Ocean
Research & Innovation Alliance (AAORIA), the
Marine Microbiome initiative has developed into a
dynamic international platform linking science,
policy, and innovation. It brings together
researchers, institutions, and stakeholders to
advance knowledge of marine microbial life and its
fundamental role in ocean health, climate regulation,
and ecosystem resilience.

Through targeted workshops, collaborative actions,
and thematic working groups, the initiative has
contributed to identifying research priorities,
addressing key knowledge gaps, and fostering more
coordinated and interdisciplinary approaches. lts
strong commitment to open science, data sharing,
and technological innovation supports global efforts
to improve ocean observation, data integration, and
knowledge accessibility.

These efforts directly contribute to international
frameworks such as the United Nations Decade of
Ocean Science for Sustainable Development (2021—
2030) and the EU Mission “Restore our Ocean and
Waters,” by strengthening the scientific basis
needed for sustainable ocean management and
climate action. By advancing integrated,
microbiome-informed perspectives, the initiative
helps enable more holistic approaches to ocean
governance.

Today, as the initiative moves from coordination
toward implementation and impact, it is increasingly
positioned to support evidence-based decision-
making and transatlantic cooperation. Reflecting its
growing strategic and policy relevance, the Marine
Microbiome initiative is set to become an integral
part of AAORIA, further reinforcing its contribution to
sustainable ocean management, climate resilience,
and global policy objectives.
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Highlights from the Marine Microbiome

Portal

Climate & Ocean Health

» New projections on Prochlorococcus indicate
potential declines of 17-51% in tropical
productivity under continued ocean warming—
underscoring risks to one of the planet’s most
important oxygen-producing microbes. Ref

» Across recent features and updates, marine
microbiomes are increasingly framed as critical
regulators of Earth’s climate system, linking
microbial activity directly to carbon cycling, oxygen
production, and planetary health. Ref & Ref

Education & Capacity Building
» A growing emphasis on integrating marine
microbiomes into climate education highlights the
need to build microbiome literacy at all levels. Ref

» Launch of a Microbiome Science Certificate
Program supports training in multi-omics, data
standards, and analytical skills—helping equip the
next generation of researchers. Ref

Funding & Community Initiatives

» 2026 funding opportunities from Applied
Microbiology International expand support for
research, training, and outreach, including a new
community-focused grant. Ref

+ Continued recognition efforts, such as the
Microbiome Medals, celebrate leadership and
contributions across the global microbiome
community. Ref

Stories & Science Communication

* New podcast-style stories and features explore
topics such as oil spills and ocean resilience,
using narrative formats to connect science with
real-world challenges. Ref

» Ongoing storytelling highlights marine microbes as
“microscopic giants”, making complex science
more accessible to broader audiences. Ref

Outreach & Engagement

» Social media and campaign activities continue to
amplify key messages on microbes and ocean
health, including World Microbiome Day initiatives.

« Interactive content—quizzes, features, and “meet
the microbe” formats—encourages public
engagement and participation.

Upcoming events

» Decoding the Marine Microbial World (Spain, June
7-12, 2026) Ref

+ ISME20 (Auckland, Aug 16-21, 2026) Ref

» Global eDNA Conference 2026 (Seattle, Oct 28—
30, 2026) Ref
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