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Abstract

As soil-ecosystem engineers, ground-nesting ants modulate their environment in ways that impact microbial communities 
across scales. Through behaviors such as bioturbation and alteration of abiotic gradients, ants alter habitat complex-
ity, resource availability, and selection regimes for microbes. Interactions such as this are increasingly recognized as 
important components in shaping the structure and function of ecological communities and reinforce the conception 
of ants as important ecosystem engineers. In this review, we survey current knowledge on the ecological consequences 
of ant-driven processes for soil-microbial biodiversity patterns and dynamics at different spatial scales, ranging from 
individual nests to landscapes, as well as how they are modulated by spatial and temporal context dependency. We 
discuss the consequences of these ant-driven processes as well as research gaps that inhibit our understanding of ant 
engineering effects on microbial communities, associated with recent methodological advances for addressing them. 
Lastly, we provide a table of microbial-ecology methods that are commonly used to capture and quantify microbial com-
munities for myrmecologists interested in exploring new avenues within this emerging field of ant-microbe interactions.
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Introduction
Understanding how species interactions influence pop-
ulation dynamics and community diversity is a central 
goal of ecology (May 1972, Chesson 2000). In natural 
ecosystems, interactions occur across biological scales 
of organization, including animals and microorganisms, 
shaping species persistence and biodiversity patterns 
(Janzen 1977). Recent research has shown that microbial 
populations can affect animals by influencing the timing 
of key life-history events (Metcalf & al. 2019) and fitness 
consequences through interaction effects (Knutie & al. 
2017, Gould & al. 2018). Similarly, microbial interac-
tions themselves have long been recognized as critical 
for ecosystem functions, given their central roles in en-
ergy f low and matter cycling (Lindeman 1942, Azam 
& Malfatti 2007, Falkowski & al. 2008, Cordero & 
Datta 2016). However, the reciprocal aspect of these 
interactions – how do animals influence microbial-com-
munity dynamics and diversity patterns? – remains poorly  
understood. 

Animals play a key role in shaping ecosystem structure 
and function through both consumptive and non-con-
sumptive effects. Historically, ecological theory empha-
sized the role of consumptive interactions like predation 
and herbivory in regulating population and diversity pat-
terns (Hairston & al. 1960, Paine 1966, Oksanen & al. 
1981). More recent work, however, has expanded on these 
frameworks to include non-consumptive effects, such 
as trait-mediated interactions and habitat modification, 
which can cascade through ecological communities and 
influence community structure and composition (Wer-
ner & Peacor 2003, Schmitz & al. 2004, Peckarsky 
& al. 2008, Schmitz 2017). These diffuse, cross-scale 
interactions are now central to the emerging field of zoo-
geochemistry, which examines the impacts of animals on 
microbially-mediated processes like carbon storage and 
nutrient cycling (Vanni 2002, Estes & al. 2011, Schmitz 
& al. 2018, Leroux & Schmitz 2025). Within this context, 
ants emerge as especially important organisms due to 
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their remarkable abundance and widespread distribution. 
Recent estimates suggest that there are about 20 quadril-
lion ant individuals worldwide with a total biomass of 12 
megatons dry carbon, which exceeds that of all wild birds 
and mammals combined (Schultheiss & al. 2022). These 
patterns, coupled with their status as ecosystem engineers 
through intimate associations with the biophysical matrix 
of the soil (Jones & al. 1996, Lavelle & al. 2006, Viles 
& al. 2021, Wu & al. 2025), position ants as key animals 
that may exert biotic controls on microbial diversity and 
processes via higher order interactions.

Yet, the outcomes of such animal-driven processes can 
vary widely depending on environmental context (Schmitz 
& al. 2015). As such, context-dependency, or the tendency 
for the strength and direction of interactions to vary based 
on environmental conditions, is increasingly recognized 
as a key feature of ecological systems (Bertness & Cal-
laway 1994, Catford & al. 2022). In microbial ecology, 
community assembly processes and diversity patterns are 
often highly contingent on both biotic and abiotic factors 
(Hoek & al. 2016, Bittleston & al. 2020). This variability 
extends to animal-microbe systems, where local environ-
mental conditions play a crucial role in shaping both the 
outcomes of species interactions (Dahal & al. 2023) and 
their broader ecosystem effects (Li & al. 2021, Meyer & 
Leroux 2023, Vanderploeg & al. 2023). For example, a 
global meta-analysis by McCary & Schmitz (2021) found 
that invertebrate detritivores with bioturbating traits 
increased decomposition rates by 28% and soil nitrogen 
availability by 99%. But the effect sizes were found to be 
substantially variable, highlighting how ecological con-
sequences of even functionally similar organisms can be 
strongly shaped by contingent factors. These sensitivities 
are particularly relevant for small-bodied organisms like 
invertebrates and microbes, whose population dynamics 
are more prone to non-linear and potentially chaotic dy-
namics (Rogers & al. 2022). Such dynamic instability may 
help explain the pronounced context-dependency observed 
in these groups.

Among invertebrates, ground-nesting ants represent 
a particularly compelling yet underexplored model for 
studying the consequences of animal-driven processes on 
microbial community assembly, structure, and function. 
Through localized behaviors, such as bioturbation, nest 
maintenance, and foraging, ground-nesting ants alter 
habitat complexity, resource availability, and compet-
itive dynamics, thereby providing a dynamic interface 
for exploring zoogeochemical processes (Hölldobler 
& Wilson 1990, Folgarait 1998, Jouquet & al. 2006, 
Frouz & Jilková 2008). Similarly, their high abundance 
and broad global biogeographic distribution affords both 
observational and experimental studies with natural 
populations across a range of environmental gradients 
(Schultheiss & al. 2022). Importantly, ants operate at 
scales large enough to produce landscape-level effects, yet 
small enough to allow spatiotemporal tracking, which may 
not be readily feasible when working with larger animals. 
Extensive literature on ant natural history and ecology 

has also revealed emergent properties – ranging from 
keystone intransitivities to spatially clustered networks 
of pest control – that make ants ideal systems for probing 
the links between cross-scale interactions and biodiversity 
maintenance in highly heterogeneous and microbially di-
verse soil environments (Way & Khoo 1992, Vandermeer 
& al. 2008, Lavelle & al. 2016, Vandermeer & al. 2019, 
Vandermeer & Perfecto 2023). Finally, ground-nest-
ing ants play important ecological roles by influencing 
nutrient cycling, soil structure formation, seed dispersal, 
arthropod and plant community structure, crop yields, 
and various other ecosystem services (Handel & Beattie 
1990, Krushelnycky & Gillespie 2008, Evans & al. 2011, 
Del Toro & al. 2012, Offenberg 2015, Viles & al. 2021, 
Wu & al. 2025).

Research to date shows that ground-dwelling ants 
generally alter microbial diversity and function within 
their nest, which spans several genera including Formica, 
Iridomyrmex, Lasius, Messor, Myrmica, Pogonomyrmex, 
Solenopsis, and Veromessor as well as a range of latitudes 
and ecosystems (Friese & Allen 1993, Ginzburg & al. 
2008, Churilina & al. 2017, Delgado-Baquerizo & al. 
2019, Travanty & al. 2022, Gamboa & al. 2025). Spe-
cifically, patterns of microbial biodiversity in large and 
long-lived Iridomyrmex purpureus (F. Smith, 1858) ant 
nests include enrichment in opportunistic, faster-growing, 
and copiotrophic microbes as well as those capable of 
antibiotic production (Delgado-Baquerizo & al. 2019). 
Additionally, harvester ant (Veromessor andrei (Mayr, 
1886)) nests have shown enrichment in arbuscular myc-
orrhizal fungi (Friese & Allen 1993), which are critical 
for most plants’ acquisition of phosphorus (Weber & al. 
2025). The impacts of ants can be overshadowed by other 
limiting factors though, such as rainfall and soil mois-
ture in very arid environments (Whitford & al. 2012). 
Another major interaction between ground-nesting ants 
and soil microbes is that of ant-fungal mutualisms. While 
important, these interactions have been the subject of 
several other reviews and thus are not covered at length 
here (see Currie 2001, Mueller & al. 2001, Caldera & 
al. 2009, Dejean & al. 2023). Clearly, ant nests can serve 
as unique reservoirs for microbial biodiversity, which 
can scale up to affect plant primary production (Far-
ji-Brener & Werenkraut 2017), such as in agricultural 
systems (Wu & al. 2025). Ultimately, however, research on 
the underlying mechanisms explaining these ant effects 
on microbial communities remains scarce and micro-
bial community-assembly processes need to be explicitly  
tested (Nemergut & al. 2013, Stegen & al. 2013, 2015, 
Tripathi & al. 2018). 

The overall impact of ecosystem engineering by 
ground-nesting ants on soil-microbial communities can 
be understood as an array of activities that create physical 
changes in biotic and abiotic resources that consequently 
may alter their availability to microbes. These activities 
range over orders of magnitude spatially, from modifica-
tion of soil aggregate structure to regional soil turnover, all 
of which have the potential to structure resultant microbial 
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communities. A complicating but critical component is 
spatial and temporal heterogeneity, not only of the soil ma-
trix in which these interactions occur but also with respect 
to the internal dynamics of the ant colony itself, which can 
modulate the direction and magnitude of the engineering 
impacts that ants impose. These dynamics coalesce into 
broader spatial patterns of ant mosaics that ultimately 
affect microbial communities across landscapes. 

In this review, we survey current knowledge regard-
ing the ecological consequences of ant-driven processes 
for soil-microbial biodiversity patterns and dynamics, 
distinguishing the impacts of ants across spatial scale, 
as well as important aspects of spatial and temporal con-
text dependency. We also present a guide for quantifying 
and describing effects on microbial communities, link-
ing common methods to the basic descriptive categories 
of diversity, function, and productivity. By combining 
these complex and interdependent parts into a cohesive 
framework (Figure 1), our hope is to contribute to a more 
holistic understanding of the role of ground-nesting ants in 
engineering microbial landscapes. The goal of this review 
is to identify research gaps as well as to present pathways 
forward and methods for additional research to improve 
our understanding of the complex, multi-faceted effects 
that ants ultimately impart on soil-microbial populations. 

Commonly used microbial  
quantification methods
Although tremendous progress has been made since the 
invention of the microscope – the event that led to the 
birth of microbiology as a modern scientific discipline – 
method selection can be overwhelming due to the sheer 
number of tools and the varying levels of analytical depth 

and biological information they can offer, especially for 
the myrmecologists seeking to incorporate microbial 
analysis into their own research. Quantifying microbial 
diversity is fundamentally challenging, first and foremost 
due to the ubiquitous yet invisible nature of microbial life 
forms. Large population sizes, short generational times, 
high levels of metabolic plasticity, and ability to share 
genes between distant lineages further complicate this 
task (Polz & al. 2013, Soucy & al. 2015, Lennon & Denef 
2016). Additionally, in recent years, microbial ecology 
has been overwhelmed with immense accumulated data 
generated by high-throughput technologies, lacking con-
ceptual frameworks (Prosser & al. 2007, Prosser 2022). 
As such, rather than providing an exhaustive catalogue, 
our list is designed to support hypothesis driven method 
selection – particularly for testing the assumptions and 
predictions of ecological theories in the context of cross-
scale ant-microbe interactions – as well as to facilitate 
functional studies on how ants may alter microbial pro-
cesses in soil environments. 

Here, we list some methods commonly used today, or-
ganized into three categories based on the type of informa-
tion they can generate: (1) taxonomic and genomic profiles, 
(2) functional activity and expression, and (3) biomass and 
productivity (Tab. 1). These categories broadly correspond 
to microbial community membership, community-level 
activity at a given time, and the biogeochemical conse-
quences of microbially-mediated ecosystem functions, 
which constitute the base characteristics necessary for 
describing a microbial community. Because these methods 
are broadly applicable across the sections of this review, 
we encourage the reader to refer to Table 1 as it relates to 
each section. 
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Fig. 1: Ground-nesting ants engage in a wide array of ecosystem engineering activities whose effects are dependent on the spatial 
and temporal context in which they occur, with varying effects on microbial communities. Note that ecosystem engineering activi-
ties performed by ground-nesting ants occur across a wide range of spatial scale, from soil aggregate formation to landscape-level 
soil turnover. The impacts of these activities depend on various aspects of spatial and temporal heterogeneity, affecting microbial 
communities along three primary dimensions, including diversity, function, and productivity.
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Tab. 1: Commonly used methods today to support hypothesis-driven research related to ant-microbe interactions, with example 
questions based on topics covered in this review. Sections are organized into three categories based on the type of information 
they can generate: (1) taxonomic and genomic profiles, (2) functional activity and expression, and (3) biomass and productivity.

1) Taxonomic and genomic profiles
Who is there? What genes do they carry?

- How do ants exert top-down controls on microbial community (re)assembly through trait-mediated effects?
- How do ant nests enrich microbial diversity at the chamber / nest / foraging area scale?
- Is soil turnover associated with ant invasions linked to changes in microbial diversity?
- What do temporal patterns of turnover look like for different microbial assemblages across the spatial scales  

of ant engineering?
- How do associated microbial assemblages differ according to feeding and nesting strategies of ants?

Method
What is 
measured? Key applications Methodological considerations

16S rRNA gene 
sequencing 
(bacteria & 
archaea) and 
ITS sequencing 
(fungal)

Abundance of 
16S rRNA gene 
and / or ITS gene 
marker

- Estimating community 
diversity (structure & 
composition) based  
on taxonomy

- Constructing phylogenies 
using a single gene

- Cost effective & lower learning curve 
(compared with metagenomics)

- Low phylogenetic resolution due to 
reliance on a single, slowly evolving 
marker gene

- More effective than metagenomics for 
detecting both dominant & rare taxa

Metagenomics Gene content and 
abundance at 
the population & 
community level

- Characterizing functional 
potential & trait diversity 
across all domains

- Tracking populations 
through space & time, 
including evolutionary 
change

- Constructing phylogenies 
using selected genes

- High resolution data for bacteria, 
archaea, fungi, & viruses

- Higher costs & computational demands 
(compared with 16S rRNA gene 
sequencing and ITS sequencing)

- Steeper learning curve
- Ideal for capturing dominant 

populations (though higher sequencing 
depth can capture some rare members)

2) Functional activity and expression
What are the microbes doing functionally & metabolically?

- How does the nutrient concentration driven by ant activities (tunnelling, foraging, excretion, etc.) significantly shift 
patterns of microbial gene expression?

- Do microbial communities associated with specific ant species / species assemblages exhibit greater functional 
diversity or enhanced nutrient cycling?

- How do ants alter functional trait distribution in microbial communities within nests and / or throughout foraging 
areas?

Method
What is 
measured? Key applications Methodological considerations

Meta-
transcriptomics

Gene expression 
patterns at the 
population & 
community level

- Identifying active members 
based on transcript 
abundance profiles

- Characterizing community-
level activities in response to 
environmental changes

- Highly sensitive to technical errors due 
to short half-life of RNA

- Requires quick sample preservation, 
high sequencing depth, & complex 
analysis

- Can be paired with other ’omics data 
for integrated insights about expressed 
functions / niche differentiation

Metaproteomics Protein content & 
abundance at the 
community level

- Identifying proteins 
responsible for catalyzing 
ecosystem functions

- Inferring contributions 
of member species to 
community functions based 
on expressed gene products

- Complex pipelines
- Closer functional proxy given that 

protein abundance is measured
- Can identify post-translational 

modifications that are key to functional 
regulation in some cases
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Method
What is 
measured? Key applications Methodological considerations

Metabolomics Metabolite profiles 
& abundance at 
the community 
level

- Characterizing metabolic 
states

- Characterizing small 
molecule sets to infer species 
interactions

- Sensitive to sample processing & 
extraction

- Broad identification of chemically 
defined molecule classes

- Ideal for physiological profiling at high 
resolution

Community-level 
physiological 
profiling (CLPP) 
analysis

Utilization 
patterns of various 
carbon substrates

- Assessing functional 
diversity across microbial 
community samples

- Profiling carbon-substrate 
preferences and activities at 
the community level

- Simple & cost-effective compared with 
‘omics methods

- Aggregated community level 
measurements that cannot be linked  
to taxonomic data

- Ideal for rapid & high throughput 
screening of functional shifts

3) Biomass & productivity
How do biomass, abundance, and community turnover shift over time and space?

- How do the patterns of resistance & resilience of microbial communities differ inside vs. outside ant nests?
- Does waste management in ants improve microbial productivity and decomposition?
- What are the net impacts of ant-microbial interactions on ecosystem functioning across landscapes?

Method
What is 
measured? Key applications Methodological considerations

Flow cytometry Cell counts, 
phenotypic 
features, & nucleic 
acid content

- Estimating total abundance
- Estimating phenotypic 

diversity
- Estimating metabolic 

population structures (active 
vs inactive cells)

- Cost effective, easy learning curve, & 
high-throughput screening

- Samples that will be compared need to 
be run in the same machine

- Taxonomic & phenotypic features can 
be correlated but cannot be linked

Leucine 
incorporation 
assay

Rate of incorpo-
ration of radiola-
beled leucine into 
newly synthesized 
proteins

- Estimating heterotrophic 
production rates

- Estimating bacterial growth 
efficiency if combined with 
respiration assay

- Standard & cost-effective proxy for 
bacterial production

- Does not target autotrophs or fungi

Phospholipid 
fatty acid (PLFA) 
analysis

Concentration of 
phospholipid fatty 
acids

- Estimating microbial 
biomass

- Profiling shifts in redox 
states & activity to assess 
soil health

- Cannot resolve taxa beyond broad 
groups

- Ideal for high throughput screening of 
active microbial biomass and activity

Potential 
mineralizable 
carbon (PMC)

Rate of CO2 
production from 
respiration of soil 
organic carbon 
(SOC)

- Estimating decomposition 
potential of SOC

- Inferring carbon cycling 
rates based on microbial 
activity

- Highly sensitive to lab incubation 
conditions

- Widely used indicator of soil biological 
activity and health

Ecosystem engineering  
by ground-nesting ants
Ground-nesting ants are important soil-ecosystem en-
gineers and consequently have a large impact on the en-
vironment in which microbial communities form and 
persist (Jones & al. 1996, Lavelle 2002, Jouquet & al. 
2006, Lavelle & al. 2006, Hastings & al. 2007). Through 
constructing nests and foraging tunnels, ants alter the 
physical and chemical properties of the soil (Cammeraat 
& Risch 2008, Wilkinson & al. 2009, Farji-Brener & 
Werenkraut 2017, Viles & al. 2021, Urbańczyk & Szulc 

2023, Wu & al. 2025), altering the biotic and abiotic re-
sources available to microbial communities, including soil 
structure, resource availability, and habitat complexity. 
This occurs across several orders of spatial scale, from soil 
aggregate formation to foraging tunnels throughout the 
myrmecosphere to landscape-level soil turnover, partially 
illustrated using a representative ant species, Solenopsis 
invicta Buren, 1972 in Figure 2. Here, we review each of 
these aspects, highlighting potential avenues for further 
research into the various mechanisms through which ants 
mediate microbial communities.
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Modification of soil structure
Ant nests are physically built and organized to maintain 
a homeostatic environment, including factors such as soil 
temperature, moisture, nutrients, and concentrations of 
gases (Cox & Blanchard 2000, Jones & Oldroyd 2006, 
Bierbass & al. 2015). To do this, they must excavate rela-
tively large quantities of soil, resulting in ants being an im-
portant source of bioturbation globally. Viles & al. (2021) 
found that ants move a median of 1.5 tons of soil per ha 
annually and up to over 60 tons of soil per ha annually for 
species like Aphaenogaster longiceps (F. Smith, 1858) in 
Australia and Pogonomyrmex badius (Latreille, 1802) 
in Florida, USA. There has been relatively little attention 
to how ants modify soil structure (Cammeraat & Risch 
2008), despite the increasing recognition of soil structure 
as important for shaping soil-microbial communities 
(Kravchenko & al. 2014, Baveye & al. 2018, Kravchenko 
& al. 2019) as well as nutrient cycling (Kravchenko & 
Guber 2017, Vogel & al. 2022, Medina & Vandermeer 
2023). 

As part of their nest (and niche) construction process 
(Vandermeer 2008, Laland & al. 2016), ants are fun-

damentally integral parts of the soil fragmentation and 
formation process shaping overall soil geomorphology 
(Whitford & Eldridge 2013). Intuitively, ant body size 
is expected to correspond with mandible size (Tschinkel 
& al. 2003), which then corresponds with soil fragment 
size excavated and particles used for nest construction 
(Avila-Núñez 2023), leading to changes in soil texture 
and bulk density (Cammeraat & Risch 2008). This spe-
cies-specific effect on soil fragment size may then lead 
to microbial community compositional differences be-
tween ant species and possibly even colony developmental 
stage as worker size distributions shift (Tschinkel 1988, 
Wetterer 1999, Holbrook & al. 2011). This interspe-
cific variation in excavation processes likely lead to dif-
ferences in soil porosity, average pore size for workers 
to travel through, and pore network connectivity, all of 
which have significant impacts on soil-microbial activity 
(Kravchenko & Guber 2017, Kravchenko & al. 2019). 
Ant-nest construction can also shape soil aggregation, 
which is also increasingly recognized as important for 
long-term soil fertility and organic matter storage (Ah-
madi & al. 2011, Blaud & al. 2014, Chaplot & Cooper 
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Fig. 2: Examples of bioturbation and soil-ecosystem engineering of a representative species, Solenopsis invicta. (A) Soil from 
the nest mound (left) and adjacent soil (right), where nest mound soil is much looser and easily broken apart, whose aggregate 
structure has been reworked by the ants. (B) and (C) Detailed photos of the internal structure of the nest mound and its pores, 
increasing aeration of the nest mound. (D) The internal structure of the nest mound exposed, revealing a highly porous network 
of tunnels and chambers with different functions. (E) A nest mound, which can be long-lived and tens of centimeters tall. (F) 
Alates and workers preparing for a nuptial flight on top of the nest mound, spreading to new localities to turn over new soils. 
Photo credits for (A) - (F): J. Longmeyer.
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2015, Rillig & al. 2017, Chen & al. 2022). During the 
nest-construction process, in addition to preferring to use 
slightly harder soils, for example, mineral or compacted 
soils, ants use their saliva to help cement soil particles 
together (Brian 1983). As a result, ant nests likely affect 
soil aggregate characteristics, such as stability and / or 
average diameter (Echezona & Igwe 2012), but direct re-
search on this aspect of soil development remains limited. 
Soil aggregation can shape microbial community diversity 
and composition (Bach & al. 2018), such as through bio-
film formation (Büks & Kaupenjohann 2016, Lehmann 
& al. 2017, Wu & al. 2019), but additional distinguishing 
underlying mechanisms that are specifically mediated by 
soil aggregates (Bailey & al. 2013) remains an area for 
future study. 

The effect that ground-nesting ants have on soil frag-
mentation and formation processes thus likely maintains 
a role in shaping microbial community dynamics. For 
example, how do variations in ant body size across differ-
ent ant species correlate with differences in soil macro-
aggregate formation processes? How does this alter soil 
aggregate distributions and biofilm formation? Does this 
aggregated soil, bound with ant-based compounds, house 
unique microbial assemblages (Tab. 1)? These questions 
can be tackled in several ways. For example, soil aggregate 
stability can now be easily and inexpensively assessed 
through SLAKES, a smart-phone software that analyzes 
soil slaking in water, which has been shown to perform on 
par with traditional methods (Flynn & al. 2020, Rieke 
& al. 2022), and soil aggregate size distributions can be 
estimated from images using pattern spectra, which is 
much less labor intensive than traditional methods (Bosilj 
& al. 2020). Scanning electron microscopy (SEM) has also 
recently been used to investigate the spatial organization 
of microbes and biofilms in the fungiculture systems of 
attine ants, allowing unprecedented ability to visualize 
the structure and organization of ant-nest biofilms in 
situ (Barcoto & al. 2024). Methods like this allow for the 
investigation of new questions such as how microbiota are 
organized spatially within biofilms and how they physi-
cally interact with one another, which may help to elucidate 
how unique microbial assemblages are generated and 
maintained within the ant nest. Basic characteristics of 
biomass and productivity like total abundance, phenotypic 
diversity, and proportional activity levels can be quickly 
and inexpensively assessed using flow cytometry, which 
has recently been applied to soil microbial communities 
(Bressan & al. 2015, Khalili & al. 2019).

Nest architecture
Fine-scale variation in bioturbation processes during 
ant-nest construction then scales up to shape whole nest 
sizes and geometry. Various studies characterizing nest 
architecture exist for common ant genera including but not 
limited to Formica (Mikheyev & Tschinkel 2004), Cam-
ponotus (Tschinkel 2005), Odontomachus (Cerquera 
& Tschinkel 2010), Atta (Moreira & al. 2004, Soares & 
al. 2025), Acromyrmex (Verza & al. 2007), Linepithema 

(Halley & al. 2005), Aphaenogaster (Tschinkel 2011a), 
Solenopsis (Cassill & al. 2002), and Pogonomyrmex har-
vester ants (Tschinkel 2004). However, the relationship 
between nest architecture and microbial communities 
remains poorly understood, in part because ant nests and 
soil-microbial communities are often studied separately 
(Bottinelli & al. 2015). Factors such as air flow and nest 
depth likely have significant effects on microbial commu-
nity assembly. For example, soil depth profoundly affects 
microbial community composition, with dramatic shifts in 
diversity, abundance, and taxonomic structure occurring 
across soil profiles, likely due to shifts in gas exchange and 
nutrient availability (Eilers & al. 2012, Feng & al. 2019, 
Hao & al. 2021, Mundra & al. 2021, Xin & al. 2023). In 
contrast to this, soil samples across the vertical depth of 
nests of Veromessor andrei failed to show any relationship 
between soil depth and bacterial diversity, which suggests 
that ant activity can sustain higher microbial diversity 
deeper in the ground (Gamboa & al. 2025). Ground-nesting 
ants affect gradients of both gases and nutrients as they 
respire, aerate soils, and translocate nutrients during nest 
construction and maintenance, and future studies should 
analyze not only how these gradients are altered but how 
they correlate with changes in the microbial community 
compared with adjacent soils (Tab. 1), which are likely tied 
to biogeochemical cycles and ultimately contributions to 
ecosystem function (Swanson & al. 2019). Experimental 
alteration of gas gradients within ant nests like that done 
by Tschinkel (2013) with CO2 would be a useful tool in 
isolating the impacts of these gas gradients on microbial 
diversity, function, biomass, and productivity (Tab. 1). 
Understanding the effects of the architecture itself, that 
is, overall depth, tunnel and chamber size, number, and 
density, on microbial communities would also be of in-
terest and could be addressed by comparing different de-
velopmental stages of an excavated ant nest within the 
same species or also by comparing different architecture 
styles between species. Boots & al. (2012) compared three 
ant species, Lasius flavus (Fabricius, 1782), Formica 
lemani Bondroit, 1917, and Myrmica sabuleti Meinert, 
1861, based on feeding and nesting strategies, and they 
found that all three species maintained unique microbial 
communities within their nests. These findings suggest 
that feeding and nesting strategies may play a role in de-
termining microbial assemblages, but further research is 
needed to generalize.

Localized nutrient deposition
One important mechanism for creating environmental 
gradients by ants is localization of nutrients, whether in 
the form of ant food or ant waste. While caches of seeds 
or invertebrate prey are managed and may occasionally 
fall victim to spoilage, this is not necessarily the case for 
waste products from the nest, which are often rich in or-
ganic carbon and other digestible substrates with higher 
levels of microbial activity and decomposition (Clay & al. 
2013). Management of said waste can provide an important 
mechanism of concentration and translocation of nutrients 
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for microbial populations. Waste-management behavior 
among ant species varies widely and is influenced mainly 
by the pathogenicity of the waste and vulnerability of in-
dividuals to infection (Pereira & al. 2020). For example, 
Atta cephalotes (Linnaeus, 1758) has highly developed 
waste-management practices, where underground waste 
dumps have dedicated dump workers that quarantine 
themselves from the rest of the nest (Bot & al. 2001). Man-
agement of these dumps includes aeration via tunneling 
and selective sorting of waste into different areas of the 
dump, which may result in species sorting that prevents 
the growth of pathogenic microbial species, where spe-
cies are filtered based on environmental preferences and 
tolerances. On the other side of the spectrum, some ant 
species create waste piles outside their nest on the ground 
surface with no additional management (Bot & al. 2001, 
Fernandez & al. 2014). In these situations, the relevance 
of mass effects or neutral processes are likely higher, 
compared with deterministic ones like species sorting, 
in shaping microbial community assembly across space. 
Mass effects refer to the influence of high immigration 
of microbes, often overwhelming local environmental 
conditions and neutral processes refer to stochastic de-
mographic processes. There also exist many other cases 
along the spectrum, such as Lasius niger (Linnaeus, 1758) 
that constructs “toilets”, which are designated waste piles 
inside the nest for defecation (Czaczkes & al. 2015). Taken 
together, it is clear that waste management among ants 
has a large impact on the nest microbiome since waste 
serves as both hotspots for microbial metabolism as well as 
source for propagules that can inoculate neighboring sites. 
As such, species sorting effects from ant sanitation and 
hygiene behavior may work in opposition to mass effects 
of microbial inoculation from feces and other waste piles to 
together form a dialectic whole influencing soil-microbial 
community assembly within and around ant nests.

It is also important to consider that microbial assembly 
processes are shaped by interactions with the pre-existing 
microbial environment as well as the inocula originating 
from elsewhere, such as ant waste. Indeed, ground-nesting 
ants tend to have a protein-rich diet consisting of insects 
(Frizzi & al. 2020) as shown in their waste (Hudson & 
al. 2009), unlike leaf-dwelling ants that more likely focus 
on tending carbohydrate reservoirs from tended hemi
pterans and / or extrafloral nectaries (Vandermeer & al. 
2010, 2019). Furthermore, trophically similar herbivorous 
ant gut-bacterial communities were found to be similar 
amongst one another, even across phylogenetically distinct 
lineages, suggesting strong effects of diet on convergent 
evolution as core community members (i.e., Rhizobiales 
bacteria) are likely key in aiding ant nitrogen metabolism 
(Anderson & al. 2012). The impact of varying ant life 
histories on nest microbiomes remains under explored, 
despite its potential to drive microbial community diver-
sity patterns and dynamics (Dauber & Wolters 2000, 
Boots & al. 2012).

Ant nests are also dynamic spaces that can maintain 
specialized microbial communities dependent on chamber 

function. Among most ant species, there exists some sort of 
spatial organization within the nest. This includes restric-
tion of workers to specific locations as well as designation 
of different chambers to different functions (Hölldo-
bler & Wilson 1990, Sendova-franks & Franks 1995, 
Tschinkel 2004), which is maintained through unique 
chemical signatures (Heyman & al. 2017). For example, 
ant nests and chambers of the arboreal ant Azteca alfari 
Emery, 1893 harbor unique microbiomes, where nest 
microbiomes are different from exterior microbiomes, 
and different chambers within the nest maintain different 
microbiomes based on function (Lucas & al. 2019). Despite 
these findings, similar patterns were not found in the 
ground-nesting ant Veromessor andrei (see Gamboa & al. 
2025), but further research should be conducted on other 
ground-nesting ants to clarify general patterns (Tab. 1). 
Differentiation of microbiomes based on chamber function 
is likely a product of many contributing factors, including 
limited movement of workers, surrounding soil microbi-
omes, microbiomes of chamber contents, a combination 
of hygienic behaviors, and nest architecture promoting 
certain environmental qualities. These are to some extent 
experimentally tractable, especially in laboratory colonies, 
where movement of individuals, background microbiomes, 
and nest architecture can all be manipulated to tease apart 
individual contributions. Further, over longer evolutionary 
time scales, this variation in microbiome composition 
within ant nests may affect trait distributions and evolu-
tion within microbial communities, resulting in complex 
eco-evolutionary feedback. 

Tunnel formation
Most studies looking at effects of ants on soil properties 
and microbial communities are focused on the nest, but 
ants also impact microbial communities beyond the foot-
print of the nest mound, exerting influence across their 
foraging territory. For soil-dwelling ants like those in the 
genera Solenopsis, Atta, Acromyrmex, Pogonomyrmex, 
and Dorylus, tunneling activity represents an important 
behavioral feature that modifies soil bacterial communi-
ties within foraging areas. For example, Solenopsis invicta, 
the red imported fire ant, is a globally distributed invasive 
ant species that engages extensively in tunneling, which 
can be as deep as 11 cm (Markin & al. 1975) and extend 
as far as 15 m away from a nest (Tschinkel 2011b). Dur-
ing tunnel construction, Markin & al. (1975) found that 
S. invicta first forms an aboveground ant trail but soon 
excavates vertical shafts every 10 to 24 cm along that trail, 
which then branch into several more horizontal tunnels. 
These branching tunnels eventually meet tunnels from 
other vertical shafts, forming a contiguous underground 
tunnel to the food source. This process occurred over 
as little as 48 hours. Constant and rapid bioturbation 
throughout the colony’s foraging area like this may en-
hance microbial activity, where mixing and aeration of 
soils by ants brings otherwise dormant microbes into 
contact with new digestible substrates, enhancing rates 
of chemical transformations (Lavelle & al. 1995, 2006). 
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Tunnel excavation also oxygenates soils, providing one 
mechanism for altering microbial community composition 
and function (Fenchel & Finlay 2008), and increases 
soil porosity and hydraulic conductivity, which can lead to 
increased microbial activity (Torbert & Wood 1992, Wu 
& al. 2025). These, however, have not yet been explicitly 
tested in ant foraging tunnels, specifically how tunneling 
activity may affect microbial diversity, function, biomass, 
or productivity (Tab. 1). Travanty & al. (2022) found that 
soils colonized by S. invicta had significantly different 
bacterial communities compared with unaffected soil, 
which they hypothesized to be due to changes in physic-
ochemical attributes of the soil. Nest soils had elevated 
abundances of several taxa including Actinobacteria and 
species within Acinetobacter (Moraxelleraceae), which 
produce antifungal compounds and may help to prevent 
fungal growth within the nest. However, this study was 
performed on nest soils which possess a relatively small 
footprint. Future studies should extend to the broader 
areas foraged by ants to test if these ant-driven microbial 
diversity patterns are ecologically relevant and consistent 
across spatial scales (Tab. 1). There are few studies that 
investigate foraging-tunnel formation behavior under 
natural conditions (Markin & al. 1975, Berghoff & al. 
2002), leaving traits like tunnel turnover, extent, and 
density largely unknown for most ant species, all of which 
could have influence on microbial persistence and activity 
throughout the locality covered by ant foraging. 

Characterizing tunnel traits non-destructively is exper-
imentally difficult. Berghoff & al. (2002) were able to ap-
proximate foraging tunnel paths of Dorylus laevigatus (F. 
Smith, 1857) through non-invasive subterranean baiting, 
but the baiting itself likely influences tunnel formation dy-
namics. Another possibility is the use of three-dimensional 
X-ray computed tomographic imaging (XRCT), which has 
been used to analyze tunnel construction dynamics by 
Pogonomyrmex occidentalis (Cresson, 1865) (Buarque 
De Macedo & al. 2021) and Lasius flavus (see Minter & 
al. 2011), but this methodology is not able to be performed 
in field settings, limiting these experiments to laboratory 
setups. One interesting recent development is the concept 
of ecoacoustics, or the use of piezoelectric sensors in situ 
to detect unique mechanical vibrations from soil biota 
(Robinson & al. 2024). This has found some success in 
tracking earthworm tunnels and plant roots (Lacoste & al. 
2018), and it may be possible to track unique sounds emit-
ted by ants (Barbero & al. 2009). Destructive sampling, 
while only providing “snapshots”, could still be useful for 
characterizing tunnel extent and density, which often in-
volves casting tunnels with wax, plaster, or metals with low 
melting points (Markin & al. 1975, Tschinkel 2010). By 
characterizing tunneling habits of ants, it will be possible 
to better understand the larger impact that ground-nest-
ing ants may have on soil microbes within their foraging 
areas. For example, sections of foraging tunnels could be 
analyzed according to Table 1 on the basis of tunnel age, 
metrics of worker usage, distance from the nest, or also 
generally compared with adjacent, undisturbed soils. 

Soil turnover
During excavation processes, ants not only deposit soil 
aggregates onto the surface but also mix aggregates be-
tween depths underneath the surface and in the process, 
they alter soil textures, horizons, and nutrient profiles 
(Lobry de Bruyn & Conacher 1990, 1994, Richards 
2009, Wilkinson & al. 2009). Applying this to broader 
scales in time and space, ground-nesting ants eventually 
perturb the entire surface area of the areas they inhabit. 
Through this broad modification of the physical environ-
ment, they may then impact the competitive dynamics for 
soil microbes, shaping broader-scale biodiversity patterns 
through shifts in the distribution of functional traits. For 
example, ant-nest entrances of the ant community in semi-
arid Australian landscapes were estimated to occupy 100% 
of the soil surface over the course of 100 years (Lobry de 
Bruyn & Conacher 1994), and Perfecto & Vandermeer 
(1993) estimate a complete forest soil turnover rate of 200 
- 300 years for Atta cephalotes in Costa Rica. While these 
broad, region-level effects of ecosystem engineering may 
be difficult to test for native species, effects may be most 
impactful for microbial communities and also experimen-
tally feasible during species invasions, introducing new 
regimes of bioturbation to the soil in combination with 
ant-driven processes that occur at smaller spatial scales. 
One notable example of this is the invasion of Solenopsis 
invicta, which is known to alter soil bacterial communi-
ties and increase levels of ammonium in the soil, which is 
often a limiting nutrient for plant growth (Lafleur & al. 
2005, Travanty & al. 2022). Although Morrison (2002) 
found that the effects of S. invicta on native ants and other 
arthropods mostly dissipated 12 years post-invasion, 
whether its continued presence or legacy effects result in 
longer-term consequences for microbial communities and 
rates of soil turnover remain unknown. Solenopsis invicta 
is also now spreading throughout Australia and Asia 
(Wylie & al. 2020), which could provide an opportunity to 
investigate how microbial communities and bioturbation 
processes are altered pre- and post-invasion (Tab. 1). As 
species introductions represent one of the key drivers of 
global biodiversity change in the Anthropocene, under-
standing how invasive ants mediate microbial dispersal 
and reassembly at regional scales is important in predict-
ing critical processes like disease spread, nutrient cycling, 
and the resilience of microbial communities. 

Terrestrial ant mosaics: incorporating 
spatial and temporal heterogeneity
As dynamic entities, understanding ant-microbe interac-
tions necessitates consideration of both spatial and tem-
poral heterogeneity. While most studies on ant-microbial 
interactions focus within the bounds of the nest, ants also 
impact microbial communities beyond the footprint of 
the nest mound, exerting influence across their foraging 
territory and interacting with other surrounding ant col-
onies. Functional domains in soils, a concept coined by 
Anderson (1995) and elaborated on by Lavelle (2002) 
to describe “spheres of influence” of ecosystem engineers. 
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Functional domains are particularly useful in conceptual-
izing both the spatiotemporal aspects of regulation of mi-
crobial activity and soil processes but also the hierarchical 
position soil engineers assume when compared with the 
many other factors at play. Ants and other macrofaunal 
soil-ecosystem engineers sit at a critical nexus across spa-
tial scales, wherein they exert controls on the architecture 
of soils through the creation of aggregates and pores across 
plot scales, which then form the habitat and substrate 
access to microbial food webs (Lavelle & al. 2006, 2016). 
While functional domains of some soil-ecosystem engi-
neers like plant roots and earthworms have established 
terms like the rhizosphere and drilosphere, the myrmeco-
sphere, or functional domains under the influence of ants, 
is less well established but provides a useful distinction 
for research in this area (Lavelle 2002, King & al. 2013, 
King 2016). The functional domain of ground-nesting ants 
can be understood as the sum of structures produced by an 
ant colony – such as soil aggregates, mounds, pores, and 
tunnels – that create environments supporting specific 
communities of associated organisms (Lavelle 2002). Ant 
species vary greatly in the behaviors they employ to main-
tain their nests, and studies have reported species-specific 
effects on microbial community composition and activity 
(Dauber & Wolters 2000, Boots & al. 2012, Fernandes 
& al. 2024). Thus, when considering communities of ants 
beyond a single nest, one can begin to visualize a mosaic of 
ant colonies, each assemblage uniquely affecting microbial 
diversity in particular ways. 

The concept of ant mosaics has already been well-char-
acterized within the sphere of arboreal ants and is defined 
by mutually exclusive territories of dominant ants that also 
house several co-occurring non-dominant or submissive 
ant species, thus creating unique assemblages of ant spe-
cies (Room 1971, Blüthgen & Stork 2007). Ant mosaics 
have been shown to structure arthropod communities and 
related ecosystem impacts, with resident ants shifting the 
biotic contexts of ecological interactions (Leston 1973, 
Dejean & al. 1997, Stüber & al. 2021). While tradition-
ally applied to arboreal ants, much less work has been 
applied to spatial segregation in foraging territories of 
ground-nesting ants. We believe that this framework of 
ant mosaics can be useful for understanding not only the 
distributions of ground-nesting ants and other arthro-
pod communities but also the soil microbiome and its 
subsequent impacts on ecosystem processes, particularly 
in environmental contexts where top-down controls are 
ecologically relevant.

Ant mosaics are spatiotemporally heterogeneous. With 
the passage of time, mosaics can either shift or remain 
static, and Perfecto & Vandermeer (2013) suggested 
that competitive intransitivity drives shifting mosaics 
whereas competitive hierarchy drives static ones. Addi-
tionally, the presence of parasitoids can introduce non-lin-
ear higher-order effects that complicate the spatial dynam-
ics generated by intransitive competition, which has been 
shown both empirically and theoretically (Vandermeer & 
Perfecto 2020, 2024). Contrary to traditional notions of 

ant mosaics, dominant ants can also drive the disassem-
bly of co-occurrence patterns that would otherwise occur 
among subordinate ants (Sanders & al. 2007). While 
ground ant nests may seem stationary, they are more 
mobile than conventionally thought, and nest relocation 
likely plays a role in mosaic re-formation as well, although 
nest movement is poorly characterized for most ant species 
and can be influenced by many non-mutually exclusive 
factors (McGlynn 2012).

All of this can affect the so-called “pattern mobility” 
of ant mosaics through time, which will have important 
implications for temporal aspects of ant-microbe inter-
actions. Landscape-scale ant mosaics result in a heter-
ogenous soil matrix with differing selective regimes on 
microbial communities, and variation in pattern-mobility 
rates influences how synchronized or divergent environ-
mental conditions are between patches, which in turn 
likely shapes the structure and composition of microbial 
communities. For example, we hypothesize that a mosaic 
with high pattern mobility may reduce heterogeneity 
across patches in the landscape and thus homogenize 
microbial community structure and composition through 
strong mass effects. Landscapes with short-lived colonies 
or colonies that relocate frequently may therefore be hy-
pothesized to have more homogenous microbial commu-
nities across space compared with those with longer-lived, 
more stationary species.

Another important aspect of studying temporal di-
mensions of ant-microbe interactions is widespread dor-
mancy behavior, which allows microbes to persist under 
adverse conditions until they become favorable once again 
for growth (McDonald & al. 2024). Dormancy can alter 
traditional metacommunity paradigms depending on 
how much dormancy covaries with dispersal, and it likely 
strengthens colonization legacies and priority effects, 
while also causing time lags for mass effects (Jones & 
Lennon 2010, Wisnoski & al. 2019). This is relevant within 
the ant-mosaic context as pattern mobility may interact 
with microbial dormancy, influencing the relative strength 
of priority effects during community-assembly processes. 
Although the majority of previous work has focused on the 
impacts of ants within their nests, the total area influenced 
by ants throughout their functional domains extends be-
yond the nest. Yet, the consequences of these beyond-nest 
effects for soil-microbial community composition and 
function remain poorly understood. The dynamic nature of 
ant mosaics – constantly appearing, disappearing, advanc-
ing, and retreating – presents important questions about 
the legacy or memory effects of past ant activities and their 
role in microbial-biodiversity maintenance (Canarini & 
al. 2021, Medina & Vandermeer 2023). Future research 
should examine how variation in nest-pattern mobility 
shapes microbial-community reassembly processes at the 
locality scale. It is not known, however, how the changes 
in environmental cues associated with ant activities may 
mediate dormancy patterns within microbial communities 
and its impact on microbial biodiversity. Additionally, it 
is important to retain a functional perspective in mind 
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as impacts on microbial community structure do not 
necessarily translate into shifts in community function 
as functional redundancy is common in microbial com-
munities (Talbot & al. 2014).

Effects of ecosystem engineering can also depend on 
the demographics of the ant colony. Dauber & Wolters 
(2000) found that for Lasius flavus, young mounds lacked 
typical features that characterized the microbial commu-
nities of mature mounds, suggesting that nest residence 
time is an important factor shaping microbial communi-
ties. Once a colony is established, how long does it take 
for a distinct microbial community to be established? 
Presumably this would differ between newly founded col-
onies and mature, relocated colonies. Once a nest mound 
is abandoned, how long does it take for the microbial 
community to once again resemble that of adjacent soil? 
How long do altered soil characteristics like nutrient 
concentrations, temperature, moisture, and bulk density 
persist after a nest mound is abandoned, and is their 
decay correlated with microbial community structure? 
Some work has been done on characterizing the temporal 
stability of fungal and bacterial communities during a 
colony’s residence. Mounds of the ant Formica exsecta 
Nylander, 1846 were found to have bacterial commu-
nities that were not only different from adjacent soil but 
also temporally stable across years, whereas the fungal 
community showed greater variation (Lindström & al. 
2019, 2021). Actinobacteria and Protobacteria were the 
main taxa that were enriched and consistent through time, 
and the authors hypothesized that this was due to reduced 
temporal fluctuation in litter inputs and temperatures in 
the subarctic climate. In contrast, Brinker & al. (2019) 
found that the ground-nesting ant Lasius fuliginosus 
(Latreille, 1798) actively manages a fungal associate that 
stabilizes their carton-nest structure, and that fungal com-
munities were both stable and distinct from adjacent soil 
over time whereas bacterial communities were not, which 
makes sense given the importance of the fungal associate 
to the well-being of the colony. To better understand the 
link between nest residence time and microbial diversity, 
more research that is aimed at characterizing the varia-
tion in species-specific nest-movement patterns and their 
association with mound microbiome is needed. This will 
require tracking of cohorts of ant nests from establishment 
to abandonment and ideally differentiating nest founding 
from nest movement. Throughout these surveys, microbial 
communities can be characterized according to methods in 
Table 1 along with soil characteristics of interest, of which 
there is a wide array of possibilities. Studies like this will 
allow for better characterization of the effects that ant 
colonies have on microbial communities across their life 
cycle and ultimately across landscapes. 

Ant-microbial interactions should also be expected 
to depend on interrelated factors like climate, latitude, 
and seasonality. Ants may be most impactful to shaping 
microbial communities when they are able to stabilize 
fluctuations of stressful environmental conditions, namely 
those areas with strong seasonality or harsh climates. In 

moisture-limited ecosystems, ant nests and refuse dumps 
provide concentrated spots of nutrients and have higher 
water retention capacity, alleviating the primary limita-
tions to microbial activity (Farji-Brener & Ghermandi 
2004, Wagner & al. 2004, Fernandez & al. 2014). Nests 
of Atta cephalotes also increased the resilience of soil-mi-
crobial communities to drought conditions in tropical 
forest soils (Shulman & al. 2024). In a subarctic climate, 
Lindström & al. (2021) found that ant nests of Formica 
exsecta showed stable populations of bacterial taxa due 
to reduced temporal fluctuations in litter inputs and tem-
perature. It is already known that ground-nesting ants 
actively stabilize environmental conditions within their 
nests, but it is unclear if this is relatively more important 
for microbial communities when the surrounding envi-
ronmental conditions are harsher. Delgado-Baquerizo 
& al. (2019) found higher soil-microbial diversity in ant 
mounds spanning over a thousand kilometers from mesic, 
humid forests to semi-arid plains in Eastern Australia, but 
mounds were not analyzed individually so variation across 
ecosystem types could not be assessed. This question could 
be addressed utilizing natural variation across space, 
as was done by Delgado-Baquerizo & al. (2019) and 
King & al. (2013), but could also be investigated through 
experimental manipulation of environmental variables 
in laboratory colonies (Tab. 1). Also of note is the differ-
entiation between per-nest impact versus net impact. For 
example, per-nest impact may be greater in ecosystems 
with low primary productivity and higher latitudes where 
climates are generally colder, but net impacts are likely 
greater where ants are more abundant, which is generally 
in ecosystems with higher primary productivity and where 
temperatures are warmer (King & al. 2013, King 2016).

Future directions and conclusions
Within the emerging field of zoogeochemistry, ant-microbe 
interactions represent an exciting nexus to probe questions 
about the role of top-down animal effects on microbial 
diversity, dynamics, and ecosystem function. Although 
the implications of such animal-driven effects on micro-
bial diversity remain largely unexplored, recent empirical 
findings and methodological advancements in micro-
bial ecology offer promising avenues to link ant-driven 
processes to microbial spatial dynamics and broader 
developments in ecological theory. This synthesis is par-
ticularly relevant today as the field of microbial ecology is 
increasingly data-rich yet lacking in cohesive theoretical 
foundations (Nemergut & al. 2013, Antwis & al. 2017, 
Prosser & Martiny 2020, Hug 2024). Since many as-
pects of ant-microbe interactions are spatially explicit, 
we also encourage dedicating analytical and sampling 
resources to investigating spatial effects. Such efforts are 
particularly urgent today as species introductions and loss 
in the Anthropocene continue to drive the assembly and 
disassembly of existing ecological communities. 

Of course, ecosystem engineering is not the only way 
in which ground-nesting ants interact with soil microbes. 
Ground-nesting ants make extensive use of various anti-
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biotic substances from a plethora of glands and microbial 
symbionts to directly control and shape microbial assem-
blages within their nests (Morgan 2008, Yek & Mueller 
2011, Vander Meer 2012, Flynn & Ramalho 2025, 
Maurice-Lira & al. 2025). Ants also engage in direct 
translocation of microbes across space, mostly through 
social hygienic behaviors such as necrophoresis, grooming, 
and social isolation (see Oi & Pereira 1993, Sun & Zhou 
2013, Zhukovskaya & al. 2013), although they can also 
actively disperse microbes across larger distances through 
nuptial flights (Pagnocca & al. 2008). Lastly, ants main-
tain ecological relationships with many organisms apart 
from microbes, and these can manifest into higher-order 
interactions that indirectly impact microbial communities. 
While all of these are beyond the scope of this review, 
we encourage research and consideration of all of these 
disparate areas to support a holistic understanding of 
ant-microbial interactions. 

Ground-nesting ants act as ecosystem engineers, shap-
ing soil-microbial communities through their diverse ac-
tivities. By examining their impacts across multiple spatial 
scales and emphasizing the importance of spatial and 
temporal heterogeneity, this review provides a framework 
for understanding the broader ecological consequences of 
ant-driven processes. It also offers practical guidance for 
quantifying microbial diversity, function, and productiv-
ity, highlighting research gaps and proposing methods 
to direct future work and deepen our understanding of 
the complex and multi-faceted influences ants impart on 
microbial landscapes. 
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