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Ant relationships with floral and extrafloral nectar microbes
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Abstract

Nectar inhabiting microbes (NIMs) are microorganisms that inhabit and feed on plant nectar. Yeasts and bacteria are the
most common groups of NIMs and are adapted to survive otherwise inhospitable conditions within nectar. The majority
of knowledge on NIMs comes from research on those found in floral nectar. Floral NIMs influence nectar nutrition,
pollinator attraction, and overall plant fitness. Much less is known on the microbes inhabiting extrafloral nectar. As
different insect guilds visit extrafloral nectaries (EFNs), it is likely that the microbial communities differ between these
two structures. Ants are the main consumers of extrafloral nectar and generally have complex relationships with both
plants and the microbes associated with their colonies. The presence and species of ants foraging on a plant bearing
EFNs therefore could potentially influence its extrafloral NIM community structure, and ultimately the fitness of the
plant itself. Furthermore, ants may feed on honeydew excreted by sapsucking insects, a sugary resource that harbors
its own suite of microbes. Many economically important crops produce extrafloral nectar, and future work that would
elucidate the relationship between ants, microbes, honeydew-producers, and the plants they interact with has implica-
tions for management of agroecosystems and sustainable food production.

Key words: Review, Hymenoptera, Formicidae, honeydew, mutualism, microbiome, bacteria, yeast, agriculture.

Received 20 August 2025; revision received 30 January 2026; accepted 6 February 2026

Subject Editor: Manuela de Oliveira Ramalho

Joe Nelsen (contact author) & Kaitlyn A. Mathis, Clark University, 950 Main Street, Worcester, MA 01610, USA.

E-mail: JNelsen@clarku.edu

Stacy M. Philpott, University of California — Santa Cruz, 1156 High Street, Santa Cruz, CA 95064, USA.

Introduction

Insects and flowering angiosperms share a strong evolu-
tionary connection due to their well-studied mutualisms
including the pollination and floral nectar reward mutual-
ism (GULLAN & CRANSTON 2014) and the plant protection
and extrafloral nectar reward mutualism (BENTLEY 1977).
Floral and extrafloral nectar are an important source of
carbohydrates, amino acids, and other nutrients for their
arthropod consumers (NicoLsoN 2022), with quintes-
sential pollinating insects like butterflies and bees being
the primary consumers of floral nectar and predaceous
insects like ants, wasps, and beetles being the dominant
extrafloral nectar consumers. Nectar presents a harsh
environment for microbial survival; nevertheless, there
is a growing list of bacteria and yeast species described
as specialists in these sugary habitats (ALVAREZ-PEREZ
& al. 2019). The interactions between floral nectar mi-
croorganisms, flowering angiosperms, and nectivorous
macroinvertebrates have recently become a hotbed for
research. While experimentation testing relationships on
floral nectar is growing, information for extrafloral nectar
is still lacking. Additionally, honeydew, the sugary waste
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excreted by sapsucking insects, can act as an energy-rich
resource for extrafloral nectar seeking arthropods and
is also readily colonized by microbes (LEROY & al. 2011,
DHAMI & al. 2016, GOELEN & al. 2020, FLESSA & al. 2021,
Lv & al. 2023). Like extrafloral nectar, information on
the diversity and ecological roles of microbes found in
honeydew is scarce. Nectar-inhabiting microorganisms
(hereafter NIMs) are dispersed by foraging nectarivores.
These microbes can influence the plant’s fitness either
positively (e.g., volatile organic compound (VOC) produc-
tion that attract more pollinators) (RERING & al. 2018), or
negatively (e.g., loss of nectar nutrition toward consumers)
(CANTO & HERRERA 2012, VANNETTE & al. 2013, LENAERTS
& al. 2016). The influences of NIMs on floral nectar attrac-
tiveness / nutrition can thus have cascading effects on the
fitness of those insect consumers. However, information
and experimentation on these same relationships in ex-
trafloral nectar and honeydew are lacking.

Ants are among the most abundant terrestrial organ-
isms on earth and provide crucial ecosystem services
(HOLLDOBLER & WILSON 1990, LONGMEYER & al. 2026),
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and some of the most commonly-grown crops (e.g., sun-
flower, legumes, cucurbits, stonefruit) produce extraflo-
ral nectar (WEBER & KEELER 2013). Recently, valuable
research has been devoted to uncovering the influences
that ants may have on cultivated plants in agroecosystems
(JONES & al. 2017, OLIVEIRA & KOPTUR 2017, SANKOVITZ
& al. 2024). Ants may play important roles for both floral
and extrafloral nectar microbes by visiting flowers or
extrafloral nectaries (hereafter EFNs), by influencing
visitation by other insects, or through their antimicrobial
secretions that may otherwise shape plant microbiomes
(TorsVIK & GVREAS 2002, KARLIK & al. 2016, OFFEN-
BERG & al. 2019). Here, we synthesize and discuss 1) our
current understanding on floral and extrafloral NIMs; 2)
the relationships between NIMs, ants, and plants; 3) the
relationship between honeydew, its associated microbes,
sapsucking insects, and ants; and 4) their fitness impli-
cations and relevance to agroecology. Further, we outline
future research objectives to fill knowledge gaps on ant
interactions with extrafloral nectar microbes.

Floral and extrafloral nectar inhabiting
microbes (NIMs)

Within the past few decades, researchers have been cata-
loging and learning about the ecological roles of microbial
communities associated with floral nectar (BRyscH-HER-
ZBERG 2004, HERRERA & al. 2008, FRIDMAN & al. 2012,
ALVAREZ-PEREZ & HERRERA 2013, ALEKLETT & al. 2014,
Pozo & al. 2014, ALVAREZ-PEREZ & al. 2024). Extrafloral
nectar is a sugary resource that many plant groups secrete
from vegetative structures (Fig. 1) and is not associated
with pollination (WEBER & KEELER 2013). The primary
purpose of extrafloral nectar is generally to provide om-
nivorous insects with a carbohydrate-rich reward in return
for defense against herbivorous insects (BENTLEY 1977).
Ants are the primary mutualistic organisms that protect
plants bearing EFNs as they are territorial, aggressive, and
ant recruitment behavior allows for a continual presence

of workers on these plants (OFFENBERG 2015). In some
cases, ants and EFN-bearing plants share obligate mutu-
alisms with each other. For example, Bull's-horn acacia
trees (Vachellia cornigera) in Central America provide
Pseudomyrmex ants with carbohydrates in the form of
extrafloral nectar, shelter via hollow thorns (domatia), and
protein and lipids from Beltian bodies, which are small
detachable extensions on acacia leaves that the ants har-
vest (JANZEN 1967, RICKSON 1975, BENTLEY 1977). Many
extrafloral nectar producing species attract invertebrate
visitors that have the potential to confer some form of
herbivory defense, including flies, wasps, beetles, hemi-
pterans, lacewings, and even some spiders (KOPTUR 1992,
ARIMURA & al. 2005, GRASSO & al. 2015, HEIL 2015). Nec-
tar is generally presumed to be sterile when first secreted
but is quickly colonized by NIMs hitchhiking on / in the
bodies of nectar-consuming animals (Pozo & al. 2014,
CHAPPELL & FurkaMI 2018). These NIMs include bacteria,
fungi (primarily yeasts but also filamentous fungi), and
possibly viruses (Pozo & al. 2014, CULLEN & al. 2021, pos
REIS & al. 2025, ERMI0 & al. 2025).

There are several factors that can impact the colo-
nization and survival of NIMs within nectar including
(1) nectar chemistry, (2) nectar microbial community
dynamics, (3) environmental factors, (4) plant species
identity, and (5) nectivorous vectors. Nectar bears various
properties that constrain the establishment and prolifer-
ation of bacteria and fungi (ALVAREZ-PEREZ & al. 2019).
In general, high sugar content is osmotically stressful
for microorganisms (HERRERA & al. 2009, LIEVENS & al.
2015). Sugary substances like nectar have high C:N ratios,
which also places limitations on microbial growth (Pozo &
JACQUEMYN 2019). Nectar can contain compounds toxic to
microbes (e.g., hydrogen peroxide, secondary metabolites,
and various enzymes), likely for the plant’s own protec-
tion from infection as well as preventing microbes from
breaking down the energy-rich sugars before the pollinator
consumes them (HEIL 2015, NEPI 2017, ALVAREZ-PEREZ &

Fig. 1: Examples of (A) extrafloral nectar being secreted from a specialized structure in partridge pea (Chaemaecrista fascic-
ulata) (photo credit: J. Nelsen) and (B) a Lasius neoniger worker feeding from an extrafloral nectary on partridge pea (photo
credit: S. King).
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al. 2019). The chemical makeup of floral nectar is specific
to each plant group, and there are still many unknowns
about the link between nectar chemistry and NIM commu-
nity composition (PALMER-YOUNG & al. 2019, ADLER & al.
2021, MUELLER & al. 2023). For example, there are likely
many undescribed antimicrobial compounds or identified
compounds that have yet to be tested experimentally
(PALMER-YOUNG & al. 2019, MUELLER & al. 2023). Lastly,
flowers are short-lived islands from a microbe’s perspec-
tive, which requires adaptations for these organisms to
survive, compete, reproduce, and disperse in such ephem-
eral environments (PEAY & al. 2011, TUCKER & FUKAMI
2014, HAUSMANN & al. 2017).

Despite the harsh conditions and barriers presented to
a single celled organism, the list of fungal and bacterial
species found to be adapted to living in and consuming
floral nectar is surprisingly diverse (FRIDMAN & al. 2012,
Pozo & al. 2014, VANNETTE & al. 2017, ALVAREZ-PEREZ
& al. 2019, 2021, CULLEN & al. 2021, QUEVEDO-CARA-
BALLO & al. 2024). Among these microbes, bacterial groups
found inhabiting nectar are fairly widespread but those in
the genus Acinetobacter and Rosenbergiella (both class:
Gammaproteobacteria) are the most common. Yeasts in
the genus Metschnikowia have frequently been identified
as the most common nectar specialists in flowers (ALva-
REZ-PEREZ & al. 2019, MORALES-POOLE & al. 2023). Other
culturable generalist fungal and bacterial genera have also
been found in smaller frequencies in nectar (Pozo & al.
2014, ALVAREZ-PEREZ & al. 2019, 2024). One aspect that all
nectar-specialist microorganisms share is that they belong
to taxonomic groups present within insect microbiomes
(STEFANINT 2018, ALVAREZ-PEREZ & al. 2021, MALASSIGNE
& al. 2021, ALvAREZ-PEREZ & al. 2023, ARGUETA-GUZMAN
& al. 2025).

Traits that have been linked to the success of nectar
specialists are their abilities to survive in solutions of high
sugar concentrations, consume a diverse array of C and
N sources (including waste from yeast metabolism in the
case of Acinetobacter), and produce antimicrobial pro-
teins that may assist them in resource competition (ALva-
REZ-PEREZ & al. 2013, CARRUTHERS & al. 2013, HALPERN
& al. 2013, WEBER & al. 2013, Kim & al. 2014, LENAERTS
& al. 2014, VAN ASSCHE & al. 2017, LAVIAD-SHITRIT & al.
2020, ALVAREZ-PEREZ & al. 2021, 2023, MORALES-POOLE &
al. 2023). The formation of biofilms in nectar has also been
implicated in the success of bacterial nectar specialists,
which provides both protection and expedites horizon-
tal gene transfer (ALEKLETT & al. 2014). Broadly, yeasts
are well-known for their ability to consume a variety of
sugars anaerobically, making them a good candidate for
nectar specialization (STARMER & LACHANCE 2011). Met-
schnikowia are the most common nectar-inhabiting yeast
group due to their higher reproductivity compared with
other yeast genera, which allows them to proliferate and
subsequently disperse in a short-lived floral habitat (Pozo
& al. 2012). Metschnikowia has also been shown to exhibit
high phenotypic plasticity in their ability to respond to
changing nectar / nutrient environments (HERRERA & al.

2012, Pozo & al. 2015). The presence of specific microbes
may support the survival for other microbes in nectar.
MUELLER & al. (2023) found that the nectar bacterium
Rosenbergiella nectarea was able to persist in the presence
of nectar containing H»O» only when grown in tandem
with Metschnikowia reukaufii, suggesting that the yeast
may be able to break down H»0O- and create a hospitable
environment for other organisms that cannot (MUELLER
& al. 2023). Work by Lanpucct & VANNETTE (2024) found
that various bacteria and fungi in nectar exhibited high
tolerance to increasing H»O», and some groups were only
able to persist only in association with other microbes
capable of detoxifying H>O» (LANDUCCI & VANNETTE 2024).

Competition among microbial taxa also influences
NIM community composition within nectar (PEAY & al.
2011, TuckER & FukaMI 2014, VANNETTE & Fukami 2014,
ALVAREZ-PEREZ & al. 2019). The chemical properties of
nectar often mediate competitive interactions within mi-
crobial communities (MUELLER & al. 2023). For example,
amino acids are an important but limited resource in nec-
tar, and specialist yeasts like Metschnikowia reukaufii are
highly competitive colonizers due in part to their efficient
amino-acid transport systems (DHAMI & al. 2016). Discov-
ery effects are also important, and the first microbial group
to colonize nectaries have the greatest chance of becom-
ing the dominant species in this ephemeral and limited
resource. This means that the order in which microbial
species arrive will influence the various constraining prop-
erties of nectar colonization as described above and thus
the composition of microbes that arrive and establish af-
terward (PEAY & al. 2011, TUCKER & Fukam1 2014, DHAMI
& al. 2016, ALVAREZ-PEREZ & al. 2019, ADLER & al. 2021).

Environmental factors can influence the degree to
which priority effects are important in shaping NIM com-
munities as well as the NIM groups themselves and the
degree to which their environmental niches align (TUCKER
& Fukami 2014, VANNETTE & Fukami 2014). For example,
local temperature and humidity will impact nectar-inhab-
itant diversity as different microbial species have different
optimum growth rates within each of these variables (both
of which in turn will influence the volume of nectar and
thus available space for colonization) (ALEKLETT & al. 2014,
CEcALA & al. 2025). Rainfall also influences nectar-bacte-
ria diversity and abundance, likely because wetter areas
have a higher diversity of both plant hosts and arthropods
that vector microbes to their associated plants (SHARABY
& al. 2020).

Plant community composition can also impact NIMs.
Higher plant density predicts higher nectar microbe diver-
sity as areas with denser vegetation provide habitat and
resources for arthropods that vector microbes (SHARABY
& al. 2020). Plant species identity is another important
factor in shaping microbial communities of nectar as flow-
ering plant species vary in phenology, nectar visitors, and
nectar chemistry (MORRIS & al. 2020, CEcaLA & al. 2025).
Plant traits that increase foraging time of visitors have
been hypothesized to have an impact on the amount of
microbes that are picked up and dropped off (ADLER & al.
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2021). However, experimentation in this area is scarce. We
have found only one such study, which found no significant
influence of foraging time of a pollinator (common eastern
bumblebee — Bombus impatiens) on microbial acquisition
from a flower (common yellow monkeyflower — Mimulus
guttatus) (RUSSELL & al. 2019).

Microbes that can survive and proliferate in nectar are
generally a subset of those found to be associated with nec-
tar-consuming insects (STEFANINI 2018, ALVAREZ-PEREZ
& al. 2021, MALASSIGNE & al. 2021, ALVAREZ-PEREZ &
al. 2023, ARGUETA-GUZMAN & al. 2025). Unlike the “ep-
iphytic” microbes found on flower petals, corollas, and
leaves that are associated with the exteriors of insects,
these microbes are associated with the animal’s gut or
mouthparts, which are transported among nectaries pri-
marily via mouthpart contact while foraging (HERRERA
& al. 2009, Pozo & al. 2012, ADLER & al. 2021). Insect
vectors are typically pollinators like bees as well as par-
asitoid wasps, thrips, ants, and other predators that visit
floral nectaries (ALEKLETT & al. 2014, SoBHY & al. 2018,
VANNETTE & al. 2021, QUEVEDO-CARABALLO & al. 2024).
Insects vary in their internal and external microbiomes
across species, and differences in gut microbiota can even
be seen between colonies of the same social insect species
(ENGEL & MORAN 2013, SEGERS & al. 2019, VERNIER & al.
2020, GREEN & KLASSEN 2022). It is then unsurprising
that the identity of an insect is important in shaping the
composition of the NIM community (ALEKLETT & al. 2014,
MORRIS & al. 2020, pbE VEGA & al. 2021). Moreover, both
arthropod nectarivore visitors and nectar chemical prop-
erties differ between floral vs. extrafloral nectar within the
same plant species (BALDUINO & al. 2023).

Dispersal success of NIMs from plant to plant depends
on the ability of these organisms to: 1) attract and be ac-
quired by their vectors, 2) survive during vector transpor-
tation, 3) survive and colonize once they are deposited into
anew nectary, and importantly 4) not be a detriment to the
fitness of their vectors (SoBHY & al. 2018, VANNETTE & al.
2021). Some NIMs are associated with different parts of
an insect’s body. For example, only bacteria isolated from
the mouths of honeybees but not their stomach were found
in the nectar of their host plants (WARREN & al. 2024).
Pollinator exclusion experiments in bush monkeyflower
(Mimulus auranticus) shrubs have shown that higher
dispersal via pollinators can lead to higher beta diversity
of nectar yeast and bacteria among flowers (VANNETTE &
Fukawmr 2017). Similarly, higher animal visitation leads
to higher abundances of nectar yeasts in male flowers
in the genus Eurya (TsuJ1 & Fukawmi 2018). Pollination
frequency has an important impact on NIM population
growth and dispersal: If nectar is consumed too frequently
by pollinators, microbes will be removed faster than they
can reproduce and numerically recover, and too infrequent
visitation can lead to low microbe dispersal rates (Haus-
MANN & al. 2017, VANNETTE & FukawMi 2017, Pozo & al.
2018, TsuJ1 & Fukami 2018). Our current understanding
of factors that influence NIM community dynamics and
how these microbes interact with their host plants and
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vectors was established from research focusing on floral
nectar. Information on insect-plant-NIM interactions
within extrafloral nectar systems is much less robust, and
studying the roles that ants play as vectors of extrafloral
microbes is crucial in filling these knowledge gaps.

Mechanisms by which ants shape floral
and extrafloral NIM communities

Ants feed on nectar, both floral (less common) and extra-
floral (very common) (OLIVEIRA & KOPTUR 2017). There
are several mechanisms by which ants likely impact NIM
communities that we propose here. First, ants likely act
as NIM vectors in similar ways as insect pollinators. Ants
influence the community of microbes on plants behavio-
rally, through gland secretions, and through symbiotic
bacteria (GONZALEZ-TEUBER & al. 2014, OFFENBERG &
DAMGAARD 2019, LONGMEYER & al. 2026). These symbi-
onts are incredibly diverse and their composition can differ
widely depending on their host’s diet and habitat (FLYNN
& RaMHALO 2025). Ants transport symbiotic microbes
externally on their cuticles and can influence plant surface
microbiota on vegetative plant structures while foraging
(OFFENBERG & al. 2019, OFFENBERG & DAMGAARD 2019,
SCHIFANI & al. 2020, JENSEN & al. 2024). Ants are also able
to transport fungal spores (WIELGOSS & al. 2014). There-
fore, ants are likely dispersing the floral and extrafloral
nectar microbes they are picking up as they forage on
various nectar sources. Ants, nectar-producing plants, and
the NIMs they vector likely have interconnected influences
on each other’s fitness (see Fig. 2A and 2B for synthesis of
such known and hypothetical influences).

As eusocial organisms, ants have a unique relationship
with microbes compared with other arthropods. Colonies
act as areserve for microbial communities as workers store
food in their crops and engage in trophallaxis, creating
what is known as a colony-wide “social stomach” (HOLL-
DOBLER & WILSON 1990, MEURVILLE & LEBOEUF 2021).
This means that if ant workers ingest a microbe while
foraging and that microbe can survive and reproduce in
their crop or mouthparts, there is a likelihood for such
organisms to be transferred throughout the rest of the
colony, further aiding in the dispersal of that microbe.
Only a few studies to date have investigated the floral or
extrafloral NIMs that ants vector (Tab. 1). The majority of
experiments on the relationships between ants and nec-
tar microbes have focused on yeasts in relation to floral
nectar, with little information on the roles that ants play
in dispersing bacteria (ALEKLETT & al. 2014, QUEVEDO-
CARABALLO & al. 2024). Past work has determined that
bacterial nectar specialists like Acinetobacter are found
in ant bodies, but no experimentation to date has linked
ants to bacterial groups found in nectar sources they may
be visiting (RU1z-GONZALEZ & al. 2019). Just two studies
have documented that ants can vector microbes to floral
nectar: Cytinus hypocistis are primarily pollinated by
ants, which vector nectivorous yeasts that in turn metab-
olize and degrade the quality of the nectar they inhabit
(DE VEGA & HERRERA 2012, 2013).
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Fig. 2: Hypothesized fitness consequences for (A) plants, ants,
and EFN microbes, (B) plants, ants, and floral microbes, and
(C) honeydew-producers, ants, and honeydew microbes. Arrows
show interactions among two groups. The text along each arrow
indicates the positive (+) and negative (-) fitness impacts that
one organism may have on another in each interaction. This
figure represents generalized interactions based on current
knowledge, and the fitness outcomes of all organisms involved
will vary by ant species involved. Icons provided by SCIENCE
FIGURES (2026) and CREAZILLA (2026).

Several studies have examined the influence of ants on
plant microbiomes; however, these have focused on sur-
face microbes of myrmecophytes in relation to the species
of their ant associates (CURRIE & al. 1999, GONZALEZ-

TEUBER & al. 2014, OFFENBERG & al. 2019, Ru1z-GONZALEZ
& al. 2019). Even fewer studies to date have examined
microbes associated with extrafloral nectar, the majority
of which have focused on tropical myrmecophyte aca-
cias. From such studies, we know that myrmecophilous
acacias exhibit higher activity of antimicrobial enzymes
than non-myrmecophyte acacias (EiLmus & HEIL 2009,
GONZALEZ-TEUBER & al. 2009, 2010). These findings are
likely due to the differences in life histories between myr-
mecophilous and non-myrmecophilous acacia. Acacias
that rely on constantly secreting sugary rewards for their
ant symbionts (Vachellia cornigera and Vachellia hindsii)
are more prone to extrafloral nectar infestation / degrada-
tion from yeast, whereas non-symbiont species (Vachellia
farnesiana and Neltuma juliflora) are more facultative in
nectar secretion (i.e., only secreting extrafloral nectar in
response to herbivory) and therefore have a shorter NIM
exposure window and are under less selective pressure to
produce antimicrobial compounds (GONZALEZ-TEUBER
& al. 2009). These patterns may be true for co-occurring
facultative and constitutive EFN-bearing plant species in
other regions of the world, but further experimentation is
needed to test this prediction.

One “non-myrmecophyte” (but still tropical) study
that focused on Mallotus plants in Taiwan found that
ants indeed can transfer fungi (one yeast and one hyphal
fungus) that colonize extrafloral nectar (SUN & al. 2018).
Another tropical study on yeast communities and insects
associated with plants in the Brazilian Cerrado found
similarities in cultured yeast species from excised Senna
EFNs and cuticles of insects captured on the plants (Rosa
& al. 1995). Very recently, pos REIs & al. (2025) identified
microbial groups associated with the EFN of Calolisian-
thus speciosus, an annual flowering plant native to the
Cerrado biome, using scanning electron microscopy. This
knowledge is groundbreaking as it is the first example
of researchers cataloging the microbial community of
extrafloral nectaries. Due to the limitations associated
with visually identifying microbes via morphology, this
information only begins to uncover the diversity of fungal
and bacterial communities in EFNs (Dos RE1s & al. 2025).
Other than this example, no studies have focused on cata-
loging the full microbiome of extrafloral nectar, let alone
those found in extrafloral-nectar-producing plants found
in more temperate zones. Additionally, studies that have
sequenced the microbial genomes of extrafloral nectar
have relied on culturing techniques, and no studies to date
have attempted metagenomic sequencing on extrafloral
nectar microbes in situ (Tab. 1).

Ants have evolved in environments with rich micro-
bial diversity, and thus many species produce a range of
antimicrobial glandular secretions (TORSVIK & @VREAS
2002, KARLIK & al. 2016, OFFENBERG & al. 2019). Ants
may also harbor beneficial microbes on their external
surfaces, which can exhibit antimicrobial properties (OF-
FENBERG & DAMGAARD 2019, Ruiz-GONZALEZ & al. 2019,
AGARWAL & al. 2022). The most well-known examples
come from studies on fungus-gardening ants, which use
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these ectosymbiotic bacteria to suppress unwanted fungi
that parasitize their farms (CURRIE & al. 1999). Similarly,
ant ectosymbionts have been implicated in a potential
role of pathogenic defense of plants. One study in Italian
pear orchards saw decreased leaf damage caused by the
fungus Venturia pyrina in trees with higher ant worker
activity, which the authors hypothesized could be due to
antimicrobial secretions from ants or their ectosymbionts
(ScHIFANI & al. 2020). A similar study on apple orchards in
Denmark saw higher infection of apple scab caused by the
fungus Vachellia inaequalis when ants were excluded from

trees, possibly due to secretions of formic acid and mellein
(ant defensive and trail chemicals known to be antimicro-
bial) from foraging ants (OFFENBERG & al. 2019). Similarly,
ectosymbionts on Formica polyctena workers inhibited
growth of fungi responsible for apple scab and brown rot,
gray mold in various fruits, and Fusarium head blight in
grains (JENSEN & al. 2024). With this knowledge in mind,
the presence of an ant colony can clearly influence the
microbial communities involved in their surrounding food
web and vice versa. Therefore, both floral and extrafloral
nectaries, not just vegetative plant surfaces, are likely also

Tab. 1: Studies that have isolated and identified microbes vectored by ants in nectar.

RosaA & al. (1995)

Plant host species

Senna (Senna australis) Butterfly Bush (Senna bicapsularis)

Extrafloral (EFN) or Floral (FN) | EFN
nectar source
Microbe group Yeast

Microbe species isolated from
plant's nectar and vector

Rhodotorula glufinis, Candida antarctica, Cryptococcus laurentii, Aureobasidium pullulans

Animal vectors studied

Multiple of each: beetles, flies, treehoppers, bees, ants - identified to family

Fitness effect on plant

Not studied (they mention how yeasts may make plants more attractive to protective insects)

Fitness effect on vector

Not studied (they hypothesize yeast consumption provides nutrition)

plant's nectar and vector

ID method Cultured microbes from nectar and live insect footprints, then identified using keys / mating
Notes Only common yeasts identified here
EiLmus & HEIL (2009)
Plant host species Acacia (Vachellia hindsii)
Extrafloral (EFN) or Floral (FN) | EFN
nectar source
Microbe group Bacteria
Microbe species isolated from Sphingomonas spp.

Animal vectors studied

Ant: Pseudomyrmex ferrugineus

Fitness effect on plant

Not studied but mentioned that this species is likely not a major nectar-bacteria host due to
anti-microbial properties of nectar

Fitness effect on vector

Not studied, some identified as N-fixing in ant gut — but not the bacteria species found in
nectaries

ID method

Sequencing of culturable bacteria from nectar and homogenized ant bodies

SuN & al. (2018)

Plant host species

Turn-in-the-wind (Mallotus paniculatus)

Extrafloral (EFN) or Floral (FN) | EFN
nectar source
Microbe group Yeast

Microbe species isolated from
plant's nectar and vector

Jaminaea angkorensis, Gibellulopsis nigrescens

Animal vectors studied

Ant: Pheidole megacephala

Fitness effect on plant

(+) Attraction of protective ants
(-) possible change in floral-nectar sugar content

Fitness effect on vector

(+) resource location

ID method

Sequencing of culturable yeast from nectar and homogenized ant bodies
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DE VEGA & HERRERA (2012, 2013)

Plant host species

Rockrose Parasite (Cytinus hypocistis)

Extrafloral (EFN) or Floral (FN) | FN
nectar source
Microbe group Yeast

Microbe species isolated from
plant's nectar and vector

Aureobasidium pullulans, Candida railenensis, Cryptococcus sp.,
Debaryomyces polymorphus, Metschnikowia reukaufii, Rhodotorula nothofagi
(see Tab.2 in De VEGA & HERRERA (2012) for full list)

Animal vectors studied

Most common ants on C. hypocistis flowers: Pheidole pallidula, Plagiolepis pygmaea,
Crematogaster auberti, Crematogaster scutellaris, Aphaenogaster senilis,
Camponotus pilicornis

Fitness effect on plant

(-) Vectored yeasts lower sugar concentration, alter sugar content of flowers for future
pollinators, likely lower pollination frequency

Fitness effect on vector

(-) Yeasts lower sugar concentration, alter sugar content, lower nutrition

nectar source

ID method Sequencing of culturable yeast from nectar and live ant footprints, HPLC nectar analysis
VANNETTE & al. (2017)

Plant host species Coffee (Coffea arabica)

Extrafloral (EFN) or Floral (FN) | FN

Microbe group

Fungi and bacteria

Microbe species isolated from
plant's nectar and vector

Most common bacteria groups = Phyum: Proteobacteria, Acinetobacteria, Bacteriodetes,
Firmicutes. Most common fungal groups = Class: Saccharomycetes, Tremellomycetes,
Eurotiomycetes, Sordariomycetes (see Fig 2 in VANNETTE & al. 2017 for complete list).

Animal vectors studied

Ant: Azteca sericeasur

Fitness effect on plant

Not directly studied, ant presence increased sugar concentration

Fitness effect on vector

Not directly studied

ID method

Metagenomic sequencing of all microbes in nectar samples, ant microbes not sampled

impacted by the presence of ant foragers and their passive
antimicrobial properties. Experiments manipulating ant
access to these sugary resources will provide more infor-
mation on how ants influence the communities of these
specialist microbes.

Due to the aggressive and territorial behavior of ant
workers, the attraction to and presence of ants on a plant
may indirectly influence the diversity of nectar microbes
that are phoretically dispersed by non-ant pollinators
(INOUYE 1980, VANNETTE & al. 2017). This effect is likely
more prominent on plants that do not produce extrafloral
nectar as this sugary resource does not only attract ants
for the purpose of protection from herbivores but in some
cases likely also distract them from flowers that are more
efficiently pollinated by other organisms (CHAMBERLAIN
& HoLLAND 2008, VILLAMIL & al. 2019). For example, cof-
fee flowers closer to Azteca ant nests have less visitation
from pollinators, but in certain management scenarios,
there is a positive correlation between nectar microbial
diversity and Azteca nest proximity as well as a differ-
ence in NIM community composition near and far from
ant nests (VANNETTE & al. 2017). The authors discussed
three main explanations for these findings: 1) higher ant
presence leads to shorter pollinator visits, which leads to
higher movement of pollinators among flowers, 2) ants
introduce microbes that positively influence the diversity

of other nectar microbes, or 3) the presence of certain mi-
crobes alter floral nectar properties to be more attractive
to ants.

Mechanisms by which NIMs impact
arthropod visitors and their cascading
effects on plant and arthropod fitness
Nectar microbes can influence nectar quality, arthropod
vector behavior, and arthropod nutrition. NIMs can alter
the concentration of various sugars (CANTO & HERRERA
2012, VANNETTE & al. 2013, LENAERTS & al. 2016), amino
acids (PEAY & al. 2011, LENAERTS & al. 2016), pH and H»0»
(VANNETTE & al. 2013), temperature (HERRERA & P0z0O
2010), and even odor from VOCs (RERING & al. 2018). The
presence of bacteria in floral nectar can deter humming-
bird and honey-bee pollinators, likely due to changes in
acidity, sugar content, or other chemical properties of the
nectar (VANNETTE & al. 2013, Goob & al. 2014). Parasi-
toid wasps (Aphidius ervi) exhibit preference for sugary
solutions inoculated with two nectar specialist yeasts
(Metschnikowia greusii and Metschnikowia reukau-
fit) over sterile nectar and also demonstrate an aversion
toward other non-specialist yeasts (SoBHY & al. 2018).
LENAERTS & al. (2017) found that the effects of nectar bac-
teria on parasitoid wasp nutrition ranges from beneficial
to harmful depending on the strain. These effects were
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likely mediated by the influences these bacteria had on
nectar sugar and amino acid makeup, pH, and metabolic
chemicals they produced (LENAERTS & al. 2017). Bees
can detect, and even exhibit preference for, flowers that
emit VOCs produced by fermentation of nectar-dwelling
yeasts (SCHAEFFER & al. 2017, RERING & al. 2018). Pozo
& al. (2020) examined the effects of multiple yeast species
and found that Bombus terrestris colonies fed with nectar
inoculated with various yeasts led to decreased mortality
of larvae and higher worker and pupae abundances. This
same study conducted in vitro experiments and found
that three yeast species adapted to surviving in high sugar
environments (Candida bombiphila, Crithidia bombi and
M. reukaufii) outcompeted and lowered the survival of
Crithidia bombi, an important bumblebee endoparasite
(Pozo & al. 2020). These above studies help support the
hypothesis that selection favors NIM specialists that, at
the very least, do not reduce the fitness of their vectors.

Shifts in nectar properties via microbe presence /
density can influence the behavior of nectar consumers,
which may also subsequently affect the plant’s health
(BARBERIS & al. 2024, LiGNON & al. 2025). Researchers
have found both beneficial and detrimental effects of
these altered pollinator behaviors on the health and re-
productivity of their host plants. The presence of yeasts
in nectar caused longer bumblebee visits per flower in
Helleborus foetidus, which resulted in lower pollination
rates and fecundity (HERRERA & al. 2013). Conversely, the
male plants of Delphinium nuttallianum that contained
nectar yeasts exhibited higher fitness via increased pollen
donation (SCHAEFFER & IRWIN 2014). Nectar-inhabiting
yeast species have also been discovered to have potential
in suppressing the bacteria that cause fire blight in apples
(DuFryY & al. 2006, PUSEY & al. 2009). These examples and
other studies like them have demonstrated that the com-
munity of floral NIMs can impact the fitness of a plant via
consumer attraction and deterrence, affect insect health
and lifespan, and alter resistance to plant disease (DUFFY
& al. 2006, PUSEY & al. 2009, LENAERTS & al. 2017, SOBHY
& al. 2018, CROWLEY-GALL & al. 2022, MARTIN & al. 2022,
CUSUMANO & al. 2023, CUSUMANO & LIEVENS 2023, Arva-
REZ-PEREZ & al. 2024). However, the above studies involve
floral nectar and non-ant consumers. Similar interactions,
while less studied, likely occur between ants and plants
that produce EFN. For instance, the presence of a certain
NIM group found to inhabit the extrafloral nectar of a plant
may be attractive and nutritional to ants or an important
parasitoid and consequently increase the fitness of those
plants if higher predator presence confers higher plant
protection from herbivores. These predictions have yet to
be assessed through experimentation.

Ants, honeydew, sapsucking insects, and
their associated microbes

There may also be important interactions between floral
and extrafloral nectar microbial communities, ants, and
honeydew secreted by sapsucking insects (Fig. 2C). Honey-
dew is often consumed by ants and is an important source
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of carbohydrates (HOLLDOBLER & WILSON 1990). Ants
form mutualisms with these phloem-feeding insects (e.g.,
aphids, mealybugs) by cleaning and protecting them from
their natural enemies, inflating their population num-
bers on a plant (HOLLDOBLER & WILSON 1990). Ants may
switch feeding preference between honeydew, extrafloral
nectar, and floral nectar based on availability, quality,
and quantity when presented a choice (OFFENBERG 2001,
MARTINEZ & al. 2011, KATAYAMA & al. 2013, PALSSON &
al. 2020), and they may be vectoring microbes between
these sugary resources. Therefore, the presence of these
honeydew producers further complicates the relationship
between ants, other omnivorous predators, and their plant
hosts. Yet, few studies to date have examined the microbial
communities associated with honeydew. Some research
has explored the microbiomes associated with honeydew
once it is deposited on the surface of a leaf and colonized
by filamentous fungi (i.e., pathogenic sooty molds) (DHAMI
& al. 2016, FLESSA & al. 2021, Lv & al. 2023). While useful
in a direct plant health and food production perspective,
we are interested in the microbes associated with honey-
dew in the process of being excreted by its host insect as
honeydew in this state is what is consumed by insects like
ants and other predators.

Sapsucking insects are host to obligate bacterial gut
symbionts that enhance their simplified diet (JOSSART &
al. 2025). Endosymbionts associated with these insects are
also found within their honeydew and can influence the
properties of this sugary liquid (LEROY & al. 2011, JOSSART
& al. 2025). Alterations in honeydew components (i.e.,
VOCs, sugar content) can in turn influence the behavior
of their consumers. LEROY & al. (2011) was the first study
to collect fresh honeydew and analyze its microbial com-
munities. Here, the researchers collected multiple species
of wild aphids, collected honeydew immediately after dep-
osition onto a sterile surface, and identified bacteria from
these samples (see table S1 in LEROY & al. 2011 for full list
of species). They found that one species of cultured bacte-
ria (Staphylococcus sciuri) from these honeydew extracts
emitted VOCs that aided hoverflies in their ability to locate
aphid prey (LEROY & al. 2011). Another study found that
volatiles from three Bacillus strains isolated from fresh
honeydew attracted Aphidius colemani parasitoids and
three other strains repelled them (GOELEN & al. 2020).

Ants can acquire gut symbionts from the honeydew of
the sapsucking insects they tend (IVENs & al. 2018, RENOZ
& al. 2019). However, information on the influences that
honeydew microbes may have on the relationship between
ants and their hemipteran mutualists is scarce. Recently,
JOsSART & al. (2025) examined the role of the aphid gut
bacterium Serratia symbiotica in ant-aphid interactions.
They found that aphids infected with S. symbiotica were
tended less often by ants than control aphids, which they
hypothesized to be a result of alterations of honeydew
sugar content by this bacterium (JossART & al. 2025).
Conversely, FISCHER & al. (2015) found bacterium Staph-
ylococcus xylosus to strengthen ant-aphid mutualisms via
VOCs (FISCHER & al. 2015). These above studies focused



on gut bacteria isolated in the host’s honeydew, and to our
knowledge there are no studies that have examined fungi
in a similar context from freshly-excreted honeydew. Ad-
ditionally, we found no studies that sought to determine if
microbes can be vectored from host to host by honeydew
consumers like ants or wasps.

Implications of NIMs in agroecosystems
Ants have extremely variable impacts in agriculture, rang-
ing from beneficial to detrimental for a crop depending
on the ant species and the resources available to them
(OLIVEIRA & KOPTUR 2017, SANKOVITZ & al. 2024), and the
use of EFN-bearing companion plants as a mechanism to
attract ants for plant protection is a promising method in
conservation biocontrol (JONES & al. 2017). A relatively
new area in agroecology involves the manipulation of
nectar microbes and their relationship with omnivorous
predatory arthropods that seek nectar. Researchers have
theorized that the inoculation of flowering plants with
NIMs could enhance pollination and predation services
for that crop based on knowledge about the attractive-
ness of VOCs given off as well as nutrition they provide
to their consumers (ALVAREZ-PEREZ & al. 2024, QUEVE-
DO-CARABALLO & al. 2024). For example, VOCs produced
by filamentous fungi in the floral nectar of buckwheat, a
common cover crop used to attract beneficial arthropods,
also are attractive to parasitoid consumers (ERMIO & al.
2025). Both ants and wasps are important vectors of floral
nectar microbes, and the same is likely true for both ex-
trafloral nectar and honeydew sources they consume (DE
VEGA & HERRERA 2012, 2013, ALEKLETT & al. 2014, SOBHY
& al. 2018, ZEMENICK & al. 2021, QUEVEDO-CARABALLO
& al. 2024). There is some evidence that ants may prefer
foraging on or be more attracted to EFNs that are inoc-
ulated with certain yeasts (SUN & al. 2018). Both attrac-
tive and deterrent effects have been seen in experiments
that examined the interaction between ants, honeydew,
and aphid gut microbes (FisCHER & al. 2015, JOSSART
& al. 2025). These above studies are great proof-of-con-
cept laboratory assays and are the foundation for future
field-scale agronomic experiments that have yet to be
conducted.

Future research objectives

Ants have a large impact on their surrounding environ-
ment, in part due to their ability to collect, host, and dis-
perse microbes. Yet, much more work is needed to uncover
the relationships between ants, the sugary resources they
feed on, associated microbes, and the fitness effects that
all three partners of this interaction have on each other.
Below, we list the most pressing unanswered knowledge
gaps in this area of research as well as our expectations in
each topical area based on knowledge from the literature
discussed in this review.

To what extent do viruses inhabit nectar?
Viruses that infect plants, bacteria, fungi, and ani-
mals inhabit the surfaces of flowers and pollen, but the

diversity and ecology of viruses associated with nectar
is understudied (CHAPPELL & Fukami 2018, CULLEN &
al. 2021). More experimentation is needed to determine:
1) the extent to which viruses exist in nectar, 2) if they
exist, what organisms they are associated with (bacteria,
fungi, pollinators), and 3) the broader ecological impacts
of viruses in nectar. Due to the inhospitable environment
nectar presents, viruses associated with plants or animal
nectarivores are likely uncommon. Instead, if any viruses
do exist in nectar, they would be those who infect yeast
and bacterial nectar specialists.

What information is still lacking on nectar-
inhabiting bacteria?

Much of our current knowledge on NIM dispersal
mechanisms has focused on the relationship between
yeasts and pollinator taxa, and much still needs to be
learned regarding bacteria (ALEKLETT & al. 2014, QUEVE-
DO-CARABALLO & al. 2024). The same is true regarding
our current knowledge of ants and NIMs, with the stud-
ies outlined above mainly focusing on the relationship
between ants and nectar yeasts. To what extent do ants
vector bacteria to the nectaries they visit? Known genera
of nectar-specializing bacteria like Acinetobacter are
found in ant guts (Ruiz-GONZALEZ & al. 2019). Ants are
also likely able to vector bacteria among nectaries, but the
extent to which this occurs remains unknown.

What is the relationship between ants, nectar,
and NIMs?

While experimentation aimed at uncovering the re-
lationships among EFN-bearing plants, their herbivores,
and nectar-consuming predators has received increas-
ingly more common attention in recent years (HEIL 2015,
JONES & al. 2017, Pora & al. 2020), little is known about
the microorganisms associated with extrafloral nectar
and the roles they play in this food web (LIEVENS & al.
2015, SUN & al. 2018). Extrafloral nectar microbes, if
present, may have a similar positive influence on their
visitors as seen with floral NIMs. For example, aiding in
resource acquisition via VOCs and thus higher mortality
of the herbivores that these predators hunt (instead of
higher pollination rates in the case of floral NIMs). How-
ever, the strength of such interactions is likely context
dependent, and more information is needed from a wider
array of geographical areas and species to make general
conclusions.

Based on our current knowledge from tropical studies,
ants that visit flowers can have an influence on the micro-
biome of those nectaries (Fig. 2B) (VANNETTE & al. 2017,
TsuJ1 & Fukami 2018). While there is much less informa-
tion on how ants influence floral nectar microbiomes in
temperate regions, it is reasonable to expect that similar
relationships exist in more variable climates involving
different ant-plant-NIM species. For flowering plants
that produce extrafloral nectar, the composition of NIMs
inhabiting extrafloral nectar are likely different from that
of their floral counterparts within the same plant species
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at the same point in time as these plants have evolved to
partition different guilds of insects to maximize benefits
(e.g., sugar composition / content evolved to be preferred
by pollinators in flowers, omnivorous predators in EFNs)
(CHAMBERLAIN & HoLLAND 2008, NEPI 2017, VILLAMIL
& al. 2019). However, these relationships have yet to be
confirmed experimentally.

No studies to our knowledge have conducted exclusion
experiments examining which arthropod guilds vector
extrafloral nectar microbes (e.g., parasitoids, flies, ants,
beetles), which will be crucial in learning more about the
food webs that EFN-bearing plants are part of. Research
on nectar secondary metabolites and their effects on con-
sumers (both microbes and insects) is mainly restricted
to floral nectar systems (NEPI & al. 2018), and further
studies examining these compounds in temperate plants
that facultatively secrete extrafloral nectar are needed.
It is possible that extrafloral nectar producing plants
lacking obligatory relationships with ants may be less
harsh environments for nectar-specializing microbes
(e.g., like those found in floral nectar). Ants are the pre-
dominant extrafloral nectar consumers and given that
NIMs are primarily dispersed phoretically, ants are likely
key drivers of microbial diversity and abundance in ex-
trafloral nectar. However, these dispersal mechanisms
have yet to be experimentally tested. Likewise, no study
has attempted to extensively catalogue and compare the
composition of bacterial and fungal communities found
living in a plant’s extrafloral nectar with microbes found
within the gut of foraging ants. Lastly, more work needs
to be conducted examining how such nectar-special-
ist microbes may transfer among ants within a single
colony.

More experimentation is needed in order to uncover
how ants alter the foraging behavior of floral visitors (e.g.,
bees, butterflies, flies) and therefore the dispersal of the
NIMs those arthropods vector. Are the communities of
floral nectar microbes on plants with strong ant protection
assembled more via wind or other non-vectored mecha-
nisms? Likewise, are plants without heavy ant protection
subject to animal-mediated dispersal and assembly pro-
cesses? Do these impacts depend on whether a plant bears
EFNs or not? What role do honeydew-producing insects
play in this interaction? Ants potentially have a strong im-
pact on the floral NIM community of a plant, but the degree
to which will depend on factors that influence ant access
/ attention toward foraging on floral nectar. For example,
plants with EFNs or those colonized by honeydew-pro-
ducers offer rewards to foraging ants on vegetative parts
before they encounter the flower, thus keeping the ant from
deterring pollinators or vectoring its own microbes to the
floral nectary. Such impacts also likely differ by ant species
as different co-occurring ant species exhibit varying levels
of aggression towards other ants as well as other arthro-
pods. Additionally, ant species have different diets and life
histories, with some more often being active hunters and
others searching for carbohydrate-rich sources of food like
nectar and honeydew.
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Are honeydew microbiomes influenced by its
consumers?

Honeydew is an important source of energy not only
for ants but also parasitoid wasps, flies, and other omniv-
orous invertebrates that prey on these sapsucking insects
(WACKERS & al. 2008). Current knowledge suggests that
honeydew is initially populated with gut bacteria ex-
creted by the host and later colonized by other microbes
like yeasts and sooty molds when exposed to the outside
environment (SERJEANT & al. 2008, LEROY & al. 2011,
CHOMNUNTI & al. 2014, FLESSA & al. 2021). However, it is
still unknown if there are honeydew-dwelling fungi, like
yeasts, that originate from aphid guts. More work needs
to be conducted to uncover the interconnectedness of
microbial communities between ants, extrafloral nectar,
and honeydew — and the impacts that these three host
groups may have on each other’s fitness through microbial
exchange.

Nectar specialist microbes may survive in other sugary
solutions like honeydew as it presents a similar sugar-rich
habitat they are adapted to. Unlike studies on extrafloral
nectar and ants (Tab. 1), there is no information about
whether NIMs can be vectored to honeydew by its con-
sumers like ants and parasitoids. Such multi-resource
vectoring may be possible for generalist ants and other
insects that forage on a wide variety of sugary resources,
but important background information is lacking. Another
valuable area of research that needs further study is the
role that microbes play in the attractiveness and nutrition
of honeydew on its consumers. Similar to what is known
in floral systems, it would be useful to know if ants and
other omnivores are attracted to the VOCs given off by
microbes inhabiting one solution versus the other (e.g.,
honeydew vs. nectar). As microbial communities may
differ between the two resources, the VOCs produced also
vary.

How do extrafloral and honeydew microbes
influence ants and plants in agroecosystems?

There is an increasing wealth of evidence that the
inoculation of floral nectar in crops or companion plants
could increase pollination and predation services provided
by arthropods from the surrounding landscape (ALva-
REZ-PEREZ & al. 2024, QUEVEDO-CARABALLO & al. 2024).
Could similar measures be taken to enhance ant-EFN mu-
tualisms for the benefit of farmers? Employing extrafloral
nectar microbes to manipulate ant behavior to increase
crop fitness and productivity may vary geographically. A
good place to start would be to conduct more olfactom-
etry assays using predator-plant-microbe combinations
specific to a location and farming system in question.
What about the alteration of microbes and the relationship
between cultivated plants, phloem-feeding pests, and ants
that harvest their honeydew? Previous work has already
demonstrated that bacteria in honeydew can alter the
strength of this mutualism, either positively (JOSSART &
al. 2025) or negatively (FISCHER & al. 2015) from a plant’s
perspective. Similar laboratory assays should be con-



ducted on ant-Hemiptera-microbe relationships in a wider
variety of cropping systems to better understand how
these relationships may differ geographically. Importantly,
future work should first focus on building a catalog of ant
species, the sugary solutions they feed on, the microbes
they vector, and the fitness implications for all organisms
involved in these relationships. The study of agroecology
and organisms / systems where ants have great ecological
impacts would greatly benefit from future work aimed at
addressing these gaps.

Conclusions

The increasing amount of knowledge on nectar microbes
in the recent few decades has shown us that pollination is
much more complex than a simple flower-pollinator inter-
action. Nectar, once thought to be an inhospitable habitat
for living organisms, is now known to be home to a diverse
array of specialist bacterial and fungal groups. These mi-
crobes influence the chemical properties of nectar, which
in turn have fitness consequences for both the plant and
consumer. Floral microbe systems are small and simpli-
fied ephemeral islands with high generational turnovers,
which makes them good candidates for researchers to use
as model systems to test ecological theories (CHAPPELL &
Fukawmi 2018). The same could be applied to extrafloral
microbiomes, but much less attention has been paid to
them. Bacteria and yeasts have received most of the atten-
tion from ecologists, and there is much less known about
the viruses and protists that inhabit nectar (CHAPPELL
& FukaMI 2018, NGUYEN & al. 2023). Extrafloral nectar
microbial communities in general are understudied, and
expanding the catalog of known EFN microbes will allow
for comparisons with those found in floral nectar. Such
foundational information would generate further testable
questions about niche partitioning, resource competition,
dispersal, host symbioses and dispersal modes, and im-
plications for plant health and agroecology.

There are still many unknowns about the influence of
ants and other carbohydrate-seeking predators such as
parasitoids on extrafloral nectar microbe communities
and vice versa. The few studies that have examined the
relationships between ants, microbes, and extrafloral
nectar have taken place in the tropics and have focused
on myrmecophyte plants. Do the trends that these studies
found also exist in temperate areas on EFN-bearing plants
that do not form obligate mutualisms? Studies on acacia
found that the extrafloral nectar of more myrmecophilous
species can be highly antibiotic and devoid of the microbial
diversity found in the extrafloral nectar of less symbiotic
species (E1LMUS & HEIL 2009, GONZALEZ-TEUBER & al.
2009). Is this true for other strictly myrmecophilous plant
species in other areas of the world? Floral nectar micro-
biome studies have shown us that NIMs can shape the
chemical properties of their habitat and subsequently the
attractiveness and nutrition for nectarivores. What roles
do these microbes play in chemistry of both honeydew and
extrafloral nectar and ultimately attraction / nutrition for
the consumers of these other sugary solutions?

Ants are one of the most ubiquitous land animals. As
ecosystem engineers, their presence has immense cascad-
ing impacts on the organisms that exist alongside them;
this includes heavily human-modified habitats like cities
and farms. The more information we uncover about the
relationships between omnivorous insects like ants, the
sugary resources they consume, the microbes they vector
between these solutions, the better our understanding
will be of what these relationships mean for the fitness
of their plant hosts. Such knowledge would have critical
implications for sustainably confronting challenges in an
ever-changing landscape.
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