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ABSTRACT The field of microbial ecology, evolution, and biodiversity (EEB) is at the 
leading edge of understanding how microbes shape our biosphere and influence the 
well-being of humankind and Earth. To that end, EEB is developing new transdiscipli­
nary tools to analyze these ecologically critical, complex microbial communities. The 
American Society for Microbiology’s Council on Microbial Sciences hosted a virtual 
retreat in 2023 to discuss the trajectory of EEB both within the Society and microbiol­
ogy writ large. The retreat emphasized the interconnectedness of microbes and their 
outsized global influence on environmental and host health. The maximal potential 
impact of EEB will not be achieved without contributions from disparate fields that 
unite diverse technologies and data sets. In turn, this level of transdisciplinary efforts 
requires actively encouraging “broad” research, spanning inclusive global collaborations 
that incorporate both scientists and the public. Together, the American Society for 
Microbiology and EEB are poised to lead a paradigm shift that will result in a new era of 
collaboration, innovation, and societal relevance for microbiology.

KEYWORDS microbial ecology, evolutionary biology, biodiversity, interdisciplinary, 
Anthropocene, machine learning

A ntonie van Leeuwenhoek’s first observations of microorganisms helped launch 
the field of microbiology (1), and throughout the 17th, 18th, and 19th centuries, 

scholars worked to understand the origins and diversity of microorganisms, as well as the 
role they play in natural processes such as elemental cycles, weather, and erosion. These 
were the world’s first environmental microbiologists, and their work laid the foundations 
for all of microbiology as we know it today.

Microorganisms are ecologically ubiquitous and critical to the homeostasis of their 
native biomes. Many soil microbes bolster the health and well-being of most plants on 
Earth (2, 3), while marine microbes play a major role in carbon dioxide and methane flux 
into the atmosphere (4). Microorganisms annually cycle at least an order of magnitude 
more carbon dioxide than produced contemporaneously by humans (5, 6). The digestive 
systems of most animals are inhabited by microbes that typically play a key role in their 
fitness (7). Microbes are arguably responsible for the habitability of Earth as they play 
an essential role in providing bioavailable nitrogen to the entire biosphere via nitrogen 
fixation (8). Microbial communities are incredibly diverse and are critical in all known 
ecosystems, with a (roughly) estimated one trillion microbial species on Earth (9). These 
observations have led to the proposed development of environmental probiotics for 
optimizing ecological homeostasis, for example, in coral, to mitigate deleterious impacts 
stemming from anthropogenic disruptions (10), and the application of microbes for 
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contaminant remediation (as summarized in reference 11). Further, over the last several 
decades, massive advances in molecular biology, from high-throughput nucleic acid 
sequencing to CRISPR-based gene editing, have fundamentally altered our understand­
ing of microbial functional diversity, providing insight into the mechanisms by which 
how microbes modulate their biosphere.

The American Society for Microbiology (ASM) is home to a vibrant community of 
ecology, evolution, and biodiversity (EEB) scholars engaged in cutting-edge research that 
furthers our understanding of how microbes shape our biosphere, including humankind. 
Today, the EEB community continues to unlock the secrets of the microbial world, finding 
new ways in which microbes fix carbon (12, 13), combat viruses (14), or “breathe” rocks 
(15). The EEB community is also at the leading edge of developing new tools to analyze 
massive, complex, transdisciplinary data sets that shed light on relationships between 
microbial activity, environmental and host health, and even climate change.

The transdisciplinary focus of the EEB community affords us an opportunity to 
engage with other microbial science communities, such as host-microbe biology (HMB), 
molecular biology and physiology (MBP), antimicrobial agents and resistance (AAR), 
and applied and environmental science (AES), to tackle complex questions. Addressing 
questions such as how microbial data with associated physical and chemical data sets 
and how to consider community interactions and dynamics requires a team of diverse 
experts. For example, studies of gastrointestinal microbiomes have shown that microbial 
communities are associated with changes in human health (16–20). That said, while the 
shifts in human health and the diversity of gut microbes are well-documented, their 
mechanisms of action and modes of communication in response to ecological stressors 
(e.g., dietary shifts), are not well understood. However, these are experimental challenges 
that the EEB community has previously tackled with success. For example, fundamental 
studies of microbial ecology and evolution in extreme environments (21, 22) identified 
heat- and cold-shock proteins (23–25) which allow microorganisms to thrive across 
wide environmental temperature regimes. These discoveries from microbial ecology led 
to the discovery and application of Taq polymerase (26–29) which set the foundation 
for critical technological advancements across the microbial and biomedical sciences. 
Therefore, cross-discipline application of the tools and approaches of the EEB community 
may well provide a roadmap and even deeper understanding of how microbiomes in 
different human niches as well as in animal and environmental microbiomes respond 
to perturbations and evolve over time. In turn, the EEB community would benefit from 
learning about the methods and practices in gastrointestinal and clinical microbiology 
that offer opportunities to expand our understanding of the physiology and biochemis­
try of microbes. Through these collaborations with other microbiological sub-disciplines, 
it is our hope that, like our predecessors from centuries ago, EEB can play a role in 
laying the multidisciplinary foundation for the future of microbiology. A role that was 
highlighted during COVID-19 as evolutionary biologists were utilized to better infer the 
origins, evolution, and development of emerging infectious diseases.

The ASM is an ideal proving ground for building these collaborations. It is one of the 
oldest scientific organizations, founded in the 1890s, that aims to promote and advance 
the microbial sciences around the world. ASM’s Council on Microbial Sciences (COMS) 
is the Society’s “think tank,” identifying the future directions of microbial sciences and 
providing ASM with recommendations to catalyze progress in the field. COMS is made 
up of over 90 ASM members who are recognized experts in their fields. These mem­
bers self-affiliate based on their scientific interests into 8 Communities, which includes 
the EEB Community. Every 4 years, each COMS Community holds a retreat to identify 
scientific trends and opportunities.

The COMS EEB Community held their most recent retreat to identify the trajectory 
of ecology and evolution, both within the Society and within microbiology at large. We 
dedicated 2 days to the retreat and had visionary experts share insights on the future of 
biodiversity and the Anthropocene to stimulate discussions of opportunities in EEB. Here, 
we present the essence of the retreat, the key ideas discussed, and recommendations 
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resulting from the retreat that focus on the future of ecological and evolutionary 
microbiology.

RETREAT ORGANIZATION AND DEMOGRAPHIC DIVERSITY

The COMS EEB Community held a 2-day virtual retreat on 10–11 April 2023, with over 45 
participants. The last retreat for the community was held on 19–20 December 2017. Over 
the preceding 5 years, significant advancements occurred in the EEB scientific commun­
ity, and with that came new challenges and opportunities. The retreat was organized 
by ASM members, Dr. Peter Girguis (COMS EEB Community leader, interdisciplinary), Dr. 
Denise Akob (COMS vice chair), Dr. Vaughn Cooper (Division R, Evolutionary & Genomic 
Microbiology), and Dr. Vincent Young (COMS chair), and ASM staff of Dr. Beth Oates 
(staff lead, senior associate—governance), Allen Segal (chief advocacy officer), and Dr. 
Stefano Bertuzzi (ASM chief executive officer). Matt Loeb (Optimal Performance Seekers, 
LLC) served as a facilitator for the retreat. Half of the retreat participants were invited by 
the organizing committee, and to ensure a broad diversity of participants at-large ASM 
EEB members and other ASM groups like the ASM Young Ambassadors were invited to 
register. The open invitation was an important strategy to ensure that the participants 
represented the diversity of the EEB field with retreat attendees spanning the globe, 
specialties, and types of institutions (Fig. 1).

The objective of the EEB 2023 retreat was to envision the future of the entire EEB field, 
encompassing the wide range of research and researchers. Given that microbial ecology, 
evolution, and biodiversity are also well-represented in other professional societies, the 
retreat worked to define the frontiers of EEB that will have the greatest impact on 
microbiology and society and the role ASM can play within this research area. The 
retreat also aimed to foster deeper engagement within ASM EEB and across other ASM 
Communities as well as identify opportunities for ASM EEB to synergistically interact with 
other professional societies and the broader microbial science communities. The first day 
of the retreat focused on the topic of “Microbial Evolution and Ecology in the Anthropo­
cene,” whereas the second day of the retreat focused on the “The Ecology and Evolution 
of Polymicrobial Interactions.” Each day also had two leading experts speak to each 

FIG 1 Retreat participant demographics. All retreat participants (n = 46, excluding ASM staff) registered to attend and participate in the retreat via an online 

form. (A) Retreat participants represented a wide geographical diversity of EEB scientists including participants from 10 different countries at the retreat. 

Participants included researchers from (B) universities, government agencies, and other institutions, and (C) spanned early-, mid-, and senior-career stages.
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theme, and about the future of microbial ecology, evolution, and biodiversity (detailed 
below). Following the keynote presentations, participants engaged in small breakout 
sessions with a moderator and notetaker. Throughout the retreat, all participants were 
encouraged to share their input either in real time (by voice or by chat) or by e-mailing 
the organizers. A shared working document was also used to encourage asynchronous, 
post-meeting conversations, and gather additional perspectives outside of the retreat 
times.

HIGHLIGHTS FROM THE EEB RETREAT

Invited speakers from within the EEB field were asked to share their perspectives on 
two broad and contemporary science themes: “Microbial Evolution and Ecology in 
the Anthropocene” and “The Ecology and Evolution of Polymicrobial Interactions.” The 
presentations emphasized the interconnectedness of microbes and their influence on 
human health and the environment. The keynote speakers provided a view on the 
complexity of polymicrobial communities in different environments, offering insight into 
the importance of interdisciplinary collaboration and challenging the EEB conventional 
scientific understanding of studying microbes in isolation. Speaker topics focused on 
the Anthropocene and influence of microbes and global climate changes on the health 
of environments. Talks highlighted the intricacies of microbial interactions, evolutionary 
dynamics, and their influence on human activity and the environments they inhabit.

“Microbial Evolution and Ecology in the Anthropocene”: speakers and key 
outcomes

Dr. Elena Litchman (professor, Stanford University) presented on how we might better 
predict microbial community dynamics and resilience in the Anthropocene. Dr. Litchman 
alluded to Dr. Vladimir Vernadsky’s theory of the noosphere, the development of the 
biosphere when human-and-nature interactions will be consciously balanced (30–33), 
as a potentially forthcoming stage in the evolution of Earth’s biosphere. Dr. Litchman 
considered how microbial community responses to environmental shifts might be 
harnessed or supported to mitigate global changes. She discussed how improving our 
predictive capabilities in microbial ecology would help us gain insight into species-level 
ecophysiological responses to environmental changes by focusing on understanding 
the key mechanisms that shape these communities. Utilizing trait-based responses of 
microbial communities from long-term evolution experiments, Dr. Litchman posited that 
we could gain valuable insights into how traits, for example, thermotolerance, adapt to 
changing conditions. Dr. Litchman proposed cross-cutting topics for future exploration 
focused on increasing our ability to predict the resilience of microbial communities and 
functions in the Anthropocene.

Dr. Rachel Whitaker (professor, University of Illinois) focused on how multi-scale 
symbioses set the tempo and mode of evolutionary change in the Anthropocene. The 
traditional hierarchical understanding needs to be reconsidered, given the unique nature 
of microbial interactions and evolution. “Infectious” genetic elements such as viruses and 
plasmids play a critical role in driving evolutionary changes. However, these genetic 
elements have an evolutionary history of their own. The complex co-evolutionary 
relationships between hosts and infectious genetic elements are influenced by factors 
like the availability of resources and susceptible hosts. The co-evolution of infectious 
genetic elements and hosts goes beyond microbial interactions, playing a role in the 
broader ecological systems as well. Integration of molecular and organismal biology is 
critical to break down the isolation between fields to create a more holistic understand­
ing of evolution and the interconnectedness of different biological components.

Key outcomes

The ecology and evolution of microbes in the Anthropocene is a complex and mul­
tifaceted issue that needs more comprehensive assessment. Prevailing studies often 
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hinge on model microorganisms that insufficiently represent the vast microbial diversity, 
resulting in biases favoring easily cultivable (often human-related) microbes over 
environmental counterparts. This bias can skew research outcomes, hindering the 
holistic understanding of how diverse microbial communities respond to our changing 
world. Through enhanced collaboration across microbial communities like environmen­
tal and medical microbiology, we could model more accurately the interplay between 
microbes, the environment and human influence. Encouraging interdisciplinary research 
will also promote advancements in techniques like immunosurveillance and creating 
“sensor networks,” through which researchers can better understand the connectivity 
among microbial communities across different environments, to further understand the 
interactions between microbes and human health in the Anthropocene.

“The Ecology and Evolution of Polymicrobial Interactions”: speakers and key 
outcomes

Dr. Katrine Whiteson (associate professor, University of California Irvine) focused on 
polymicrobial infections in humans to highlight the interconnectedness between 
microbial ecological processes and clinical treatments and challenges. The ecology of 
these communities goes well beyond their pathogenicity and includes the diversity 
and density of all microbes, including non-pathogens. The resulting ecological patterns 
represent the total, realized interactions among all microbes, including how non-patho­
genic bacteria can shape the pathogenic community through competition for resour­
ces and other mechanisms. Using airway infections and cystic fibrosis as examples, 
she described how different microbes affect the physiology of one another through 
physical and molecular interactions. It is critical to consider ecological factors when 
analyzing microbial communities because of the complexity of such polymicrobial 
ecological interactions. Indeed, ecological processes are known to shape the microbial 
diversity in individuals, and techniques to “shape” these ecological interactions—for 
example, fiber-rich diets, antibiotics, fecal transplants, and probiotics—can have short- 
and long-term effects on microbial ecology and thus can be used to support treatments. 
The intersection of microbial and human ecology is an exciting area of research, but it 
still faces challenges with reproducibility and individual variation, establishing techni­
cal and methodological standards, and dealing with the many unknowns still present 
in microbiome research. Advancing our understanding of these complex dynamics 
requires broader, more-thorough collaboration and coordination among biomedical and 
environmental microbiological research communities.

Dr. Jessica Metcalf (associate professor, Princeton University) spoke about microbial 
immunity and the changes that occur across different environments and over time. 
Dr. Metcalf noted that vaccines are important for maintaining broad immunity among 
humans to control rampant outbreaks. That said, there are challenges in maintaining 
vaccination coverage and even more challenges in understanding the factors underly­
ing an outbreak. The interactions among different microbial species often influence 
disease outcomes, can drive microbial (co)evolution, and ultimately affect the host 
immune response. We should recognize that characterizing the microbial/viral ecological 
dynamics within hosts is absolutely necessary to understand how these organisms shape 
human health, including autoimmune diseases. Microbes play a role in shaping host 
evolution, including dietary transitions and phenotypic adaptations, all of which can 
influence immune tolerance and long-term health of the host during a specific period of 
exposure. Predictive modeling that combines ecological and evolutionary principles with 
immune system dynamics can be used to better understand host-microbe interactions 
and disease outcomes. However, the modeling is dependent on comprehensive and 
diverse data on immunity, microbial communities, and human populations to advance 
the understanding of host-microbe interactions. Building robust data repositories would 
require establishing global observatory repositories and building upon interdisciplinary 
approaches to tackle the complex challenges posed by infectious diseases, immunity, 
and microbial evolution.
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Key outcomes

Despite the progress made in understanding polymicrobial systems, there are specific 
areas where growth and development are needed. Studying polymicrobial systems 
requires the integration of rich contextual data sets, which encompass genomics, 
geochemical measurements, and physical data like flow rates and temperatures. The 
lack of adequate tools to enable the co-analyses of diverse data types and insufficient 
contextual data (metadata) limits the ability to fully utilize the vast publicly available 
databases. To this end, ASM could support efforts aimed at establishing “best practices” 
for polymicrobial community studies and involve collaboration with other scientific 
communities (e.g., anthropologists, public health scientists, and earth scientists) who 
have experience in developing theoretical and statistical approaches to utilize and 
assemble data from disparate sources. Furthermore, ASM could spearhead community 
workshops that focus on evaluating genotype-to-phenotype predictions, thus fostering 
innovation and collaboration within the scientific community.

The speakers all emphasized the inextricable relationships between microbes and 
humankind, highlighting the need for interdisciplinary approaches to tackle the complex 
challenges posed by unprecedented environmental change, the growing impact of 
humankind on the biosphere, and the rising threat of epidemics and pandemics. The 
speakers also emphasized the issue of addressing ongoing cultural, structural, and 
financial obstacles that hinder cross-disciplinary collaboration. This issue is especially 
acute with respect to international collaborations, as there is a scarcity of opportunities 
to support truly global partnerships to address our grandest challenges.

KEY DISCUSSION OF SCIENTIFIC TRENDS

The 2023 EEB Retreat emphasized the need for more-inclusive representation in 
microbial ecological studies, reiterated the need for more-effective science communica­
tion, asserted that we as a community need to promote more inter- and transdisciplinary 
collaborations, and identified the boon in large language models and artificial intelli­
gence as a potentially transformative opportunity for microbiology. The community also 
emphasized the importance of connecting microbial ecosystems to human health in 
our changing world. These insights and actionable items are set as recommendations 
to help shape the trajectory of the EEB Community, which includes deeper and broader 
interactions with other microbiological communities within the Society and beyond. The 
following recommendations from the retreat are of equal importance.

Advancing microbiology through artificial intelligence and machine learning

There is immense potential for artificial intelligence (AI) and machine learning (ML) to 
catalyze major advances in microbiology. AI, such as large language models, is advanc­
ing quickly, and several models already exist for molecular biology and biochemistry 
(e.g., Alphafold [34]). However, there are challenges in implementing these technologies 
that could, if left unchecked, diminish confidence in these tools. For example, there is 
currently a lack of data standards that can “benchmark” the output of any computational 
models. Moreover, not all investigators have ready access to the computing infrastruc­
ture needed to make best the use of such programs. Though there is an abundance 
of data that would benefit from such technologies, not all of them are inherently 
compatible with one another. Allying sparse data with expansive data sets can lead 
to inaccuracies in the output. Also, there is no straightforward way to differentiate high- 
and low-quality data, potentially resulting in erroneous outputs. For example, attempting 
to predict microbial gene function without well-annotated, mechanistically validated 
training data sets to begin with will yield low-quality output.

These issues underscore the need for a concerted effort to identify a “common 
scientific language” so that computational advances can be put to the best, most 
reliable use. Members of EEB work across scales from individual host to large-scale 
environmental microbiomes and they can provide their expertise in building data sets 
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for computational analysis. Developing robust data standards as well as ensuring open 
access to both model code and data output can help ensure the reliability of AI. In 
addition, there is a need for scientists to receive training in using machine learning 
and AI so that users understand the advantages and limitations of such computational 
tools. To this end, retreat participants proposed ASM-led training sessions, collabora­
tion with other societies, such as the Society for Industrial and Applied Mathematics 
(SIAM), Institute of Electrical and Electronics Engineers (IEEE), and Applied Microbiol­
ogy International (AMI), to develop data standards and to provide active support for 
AI-focused working groups.

Expanding ecological and environmental diversity

To date, microbial ecology studies are geographically biased to the Northern Hemisphere 
and primarily led by investigators based in North America, Europe, and Asia (Fig. 2)(35). 
This is further seen in an uneven distribution of soil microbial ecology studies to inform 
biodiversity and ecosystem functions across the globe (36). Accordingly, our understand­
ing of microbial ecology at large—on the global scale—is limited. This bias is largely the 
result of structural and cultural impediments that prohibit broader, genuine international 
collaborations. As an example, in Africa, there are few science plans and policies for 
microbiome research which has led to a lack of coordinated research networks on the 
continent compared to other regions (35). Makhalanyane et al. highlighted a need for 
establishing research infrastructure linked to microbiome science including sequencing 
capabilities. Development of coordinated research networks in Africa and other Southern 
Hemisphere nations could allow researchers to leverage funding and access to emerging 
technologies like advanced sequencing capabilities. Such efforts have been proposed 
for expanding the understanding of soil biodiversity (36). EEB retreat participants also 
shared that the scientific community would benefit from enhanced opportunities to 

FIG 2 Distribution of microbiome research studies across the globe. Reproduced from Makhalanyane et al. (35). The world map shows metagenomic data 

retrieved from the National Center for Biotechnology Information (NCBI) BioSample database. The circle colors correspond to the sample types and the 

size the number of studies. Sample types include engineered systems such as wastewater treatment plants, terrestrial and marine environmental datasets, 

host-associated microbiomes (human and animal), and other metagenomic sequences.
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work with scholars in Southern Hemisphere nations. Participants shared that most 
funding opportunities prohibit the distribution of funds to international scholars, and 
that funds that promote international collaborations are usually restricted to fostering 
collaboration among resource-replete nations. The retreat called for increased, broader, 
and more-earnest engagement across the global microbiology community. ASM has a 
unique and timely opportunity to promote and advance such global scientific collabo­
rations. In addition, ASM could directly provide financial support for selecting interna­
tional microbiology researchers to partner with currently funded scientists, which is a 
cost-effective solution to fostering research and training in the global South and beyond.

With respect to microbial ecology studies, there was broad agreement that the 
community needs more longitudinal studies to better understand biodiversity changes 
and microbial adaptations. Understanding how microbial diversity changes over time 
and in response to environmental change provides critical baseline information that 
is key to the future of microbial EEB. This is especially critical given the myriad of 
ways that microorganisms can be affected by climate change from shifts in pathogens 
and microbially mediated ecosystem functions. Lennon et al. (37) highlighted several 
case studies where long-term studies revealed the ties between microbial ecology and 
climate change in the context of pathogens, water quality, and microbial function. 
However, studies are still limited by a lack of globally distributed and temporally explicit 
observational data of biodiversity and function (e.g., references 35, 36). By investing 
scientific effort in longitudinal studies of microbial ecology, for example, EEB can identify 
trends in microbial biodiversity changes and adaptations in a changing climate.

There was additional discussion of the critical need to improve extant cultiva­
tion methods. With the majority of microbes currently eluding cultivation (including 
numerous phyla without any cultivated representatives), we cannot rely solely on 
existing culture-based methods to expand our knowledge of EEB in the short term. 
Moreover, there are a number of biases that favor the use of easily cultivable microbes, 
often from humans, in lieu of cultivating more-challenging environmental microbes. 
This bias can skew research outcomes, hindering the holistic understanding of how 
diverse microbial communities respond to our changing world. ASM has an opportunity 
to promote these efforts by supporting coordination and communication among a 
community of scholars who raise support to undertake large-scale longitudinal studies. 
Specifically, ASM could use its existing communication channels to enable such efforts. 
In addition, ASM could make a significant impact by helping to create a set of “best 
practices” among major databases such as the National Center for Biotechnology 
Information (NCBI), the American Type Culture Collection (ATCC), and the Genome 
Taxonomy Database (GTDB). Collaborations among these essential resources would 
streamline data management and accessibility, ultimately benefiting researchers and 
the broader scientific community by facilitating seamless access to critical information 
and enhancing the efficiency of scientific endeavors.

Fostering civic engagement

Broadly speaking, there has long been distrust, as well as a lack of microbial science 
literacy, among the general populace (38, 39). The retreat participants noted that the 
validity and importance of the work from the EEB community have—at times—become 
a politicized point of contention. This can impede progress toward addressing global 
ecological and evolutionary challenges. Amidst these challenges, it is critical to foster 
more-effective engagement between the scientific community and the broader public. 
For example, ASM could further invest in public communication by creating content 
that emphasizes the role of microbes in maintaining our planet. Working with the 
EEB Community, ASM could create additional content about the role of microbes in 
everyday life that can be found in home gardens home septic systems, and the role of 
microbes in maintaining air and water quality, and so on (Fig. 3). ASM has a wealth of 
engagement and education materials, additional support in distributing these materials, 
and development of newer materials, to our membership and to the broader public 
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can help bridge the aforementioned gap. In addition, ASM can bolster its ongoing 
efforts to represent microbial sciences to policymakers. Increasing the number of EEB 
community members who engage with policymakers is an effective way to emphasize 
the role of microbes in environmental health, including the importance of understanding 
microbial responses to natural/anthropogenic disasters as well as climate change (40, 
41). Notably, engaging scientists from a diversity of social, economic, and professional 
backgrounds is important for these efforts. Moreover, ASM could consider co-sponsoring 
webinars that guide researchers on how to be more closely connected to their local 
communities. Finally, ASM could lead the charge in demonstrating the importance and 
impact of microbial ecology and evolution in primary schools, which is key to advancing 
microbiology literacy in the broader public. Through these and other activities, ASM 
would play a pivotal role in strengthening the bridge between scientific knowledge and 
public understanding. This is a key step toward building a shared understanding of the 
critical nature of microbes in the health and well-being of our world (42).

Role of EEB within the ASM organization

For over a century, microbiologists have been studying the relationships among 
processes that occur at the cellular, community, and ecosystem scales. The EEB 
community is inherently inter- and transdisciplinary and is well positioned to play 

FIG 3 Leverage engagement with the public. ASM uses various means to engage with the community of microbial scientists. 

Each type of engagement can be leveraged for different uses for different audiences, all of which aim to make understanding 

microbes, specifically environmental microbes, easier to comprehend and associate with day-to-day life.
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a pivotal role in supporting other communities in allying biological observations to 
exogenous chemical and physical factors. As microbiology continues to become more 
inter- and transdisciplinary, all communities continue to see an increase in the diversity 
of methods and technologies being used to advance our understanding of microbiologi­
cal processes (37, 43–45). However, different technologies emerge in different communi­
ties yet the frequency and extent of interactions amongst ASM communities is limited. 
As such, we are not fully realizing the benefits of technology sharing across ASM’s many 
Communities. For example, the EEB Community could share the latest approaches to 
cultivating challenging organisms, or to genetically modifying non-model organisms. 
This could be of benefit to our colleagues in other communities. Naturally, the converse 
is also true, and the EEB Community could benefit from many of the technologies that 
are used in biomedical and clinical microbiology. ASM could work to further encour­
age technology exchanges among the different communities. For example, ASM could 
promote the use of techniques such as immunosurveillance to bridge the gap between 
disease-specific epidemiology and microorganism-specific surveys. By creating such 
“sensor networks” researchers can better understand the connectivity among micro­
bial communities across different environments, to further understand the interactions 
between microbes and human health in the Anthropocene. These actions have the 
potential to enhance knowledge and inform strategies for promoting One Health, 
optimizing the health of humans, animals, and environment in a rapidly changing world.

The retreat participants identified two other primary barriers to interdisciplinary 
microbiology: communication and funding. As such, a number of actionable items were 
identified to further engagement across ASM Communities. First, ASM could support 
training opportunities for ASM members on the strengths and challenges of inter- and 
transdisciplinary research. A key activity would be sharing our discipline’s cultural norms 
(e.g., jargon, typical practices within each discipline); that could help overcome the 
challenges that arise from our disciplinary “language barriers.” These workshops could 
also catalyze collaboration between EEB scientists and other, more biomedically oriented 
scientists. Cross-collaboration among ASM journals could further enhance cross-com­
munity exchange. Finally, the introduction of an EEB mixer at ASM meetings, in particular 
the ASM Microbe meeting, could provide a vibrant platform for showcasing the research 
and skills of the EEB Community and afford an information and networking opportunity 
to foster engagement across the ASM. These in-person mixers can be complemented by 
virtual meetups throughout the year which will provide an additional, inclusive platform 
for members to engage and network.

Retreat participants noted that EEB Community members’ attention is frequently 
divided among numerous societies and organizations, which can sometimes dilute 
their focus on engaging with other ASM Communities. It was suggested that ASM 
be more proactive in elevating the profile of EEB and underscore this community’s 
value in driving advances in ecological, evolutionary, and environmental microbiological 
research. Moreover, there is an opportunity to have the EEB Community lead the effort to 
engage with other professional societies that could contribute to advancing microbiol­
ogy. For example, organizing workshops with engineering, physics, and earth science 
societies could foster collaborations across these communities and help bridge gaps 
between research areas. These actions could use the ASM mSystems journal collaboration 
with the American Geophysical Union’s (AGU) GeoHealth journal as an example to build 
more similar efforts.

It was also noted that while ASM is an international organization, engagement 
globally by the Society remains limited. ASM leadership could focus attention and 
financial support on promoting engagement among ASM’s international microbiology 
community. For example, ASM could provide seed funding for international meetings 
that address urgent topics. Equally important, ASM could curate a list of international 
funding opportunities. There are several philanthropic entities that could support 
international collaborations (there are also few federal agencies in any nation that 
would fund an international group of investigators), though it is time-consuming for 
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individual investigators to identify these funding opportunities. We suggest that ASM 
could lead the effort to compile and maintain a list of such opportunities, as that is a 
cost-effective way to enable the ASM international community to further work together 
on global-scale issues.

CONCLUSION

The ecology and evolution of microbes in the Anthropocene is, put succinctly, complex 
and multifaceted. The discussions stimulated by the EEB retreat highlight the intricate 
challenges facing the community and emphasize the need for greater inclusivity, more 
effort in implementing new technologies and assessing its efficacy, fostering more global 
collaborations, promoting greater public engagement, and furthering the integration of 
interdisciplinary approaches (Fig. 4). The retreat repeatedly emphasized the future of 
science is through transdisciplinary collaboration, echoing the essay by Lennon et al. (37) 
that highlighted the need for diverse collaborations to address the role microbes play 
in climate change. Building diverse collaborative teams can help to address the complex 
challenges facing the microbial sciences. The majority of the challenges and recom­
mendations posed throughout the retreat hinge on interdisciplinary collaborations 
like enhancing the utility of diverse data sets, creating and implementing robust data 
standards and accessible AI-driven tools. However, the full utilization of the collaborative 
effects requires an understanding and foundation of a “common scientific language” 
(46).

Science is inherently international and requires inclusive representation and 
equitable access to resources for advancement of the understanding of the micro­
bial world. Increasing international collaborations by empowering researchers from 

FIG 4 Components for the future of Ecology, Evolution, and Biodiversity (EEB) Community. Visual representation of the foundational elements of the EEB 

community (top section), focusing on microbial organisms within diverse environments such as the human body, soil, and water (upper center). During the 

retreat, three major themes were identified as critical for the future of EEB: the impact of the Anthropocene, interdisciplinary and transdisciplinary collaborations 

(building external connections), and the complexity of polymicrobial interactions in various environments (lower center). The retreat also pinpointed specific 

areas for targeted recommendations to achieve the highest impact on the EEB community (bottom section).
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underrepresented regions aims to broaden the scope of microbial ecology studies and 
mitigate geographical biases. In addition, the scientific community also engages with the 
broader public. Building trust and value to scientific discoveries with the public is vital to 
the continued support of the microbial sciences. Bridging the gap between the scientific 
community and the public through outreach initiatives and policy advocacy not only can 
foster understanding but also underscore the critical role of microbiology in addressing 
global challenges.

Collaboration between the EEB Community and other ASM Communities is pivotal in 
leading microbial sciences into the future. Promoting diverse model microorganisms and 
leveraging innovations in tools and technologies can revolutionize the understanding 
of microbial interactions and their impact on the environment, human health, and the 
Anthropocene. The recommendations proposed during the EEB retreat call for a new era 
of collaboration, innovation, and societal relevance for microbiology (46). Embracing the 
proposed directives, the ASM and EEB Community stand poised to chart a course toward 
a more comprehensive understanding of microbial ecosystems, impact on microbial 
sciences, and the application for the benefit of all.
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