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Ants are among the most ubiquitous animals in cities, yet only a
small subset of the world’s ant fauna consistently thrives in urban
environments. Despite the prominence of ants in urban
ecosystems, we lack a cohesive framework for understanding why
certain species succeed while others decline. Here, we synthesize
emerging research to describe an ‘urban ant syndrome,’ or a
modular set of behavioral and ecological pathways that enable
ants to overcome the characteristic challenges of human-built
environments. We first develop a functional definition of ‘urban
ants,’ distinguishing true urban exploiters from species that merely
occur within city boundaries. We then describe three domains in
which successful urban ants repeatedly exhibit convergent
strategies: (1) life history, including supercoloniality, polydomy,
and budding dispersal; (2) thermal biology, particularly the use of
urban heat for foraging, survival, and brood development; and (3)
nutritional ecology, characterized by reliance on high-
carbohydrate anthropogenic foods or mutualisms with honeydew-
producing insects. While no species expresses all pathways,
consistent combinations emerge across continents, including in
native species that evolve urban-specialist traits. Understanding
these shared strategies provides a predictive foundation for
identifying future urban dominants and for managing ecological
outcomes in increasingly urbanized landscapes.
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Introduction

Alongside pigeons, rats, and cockroaches, ants are among
the most common animals in cities. Yet of the more than
15 000 described ant species, only a small subset reliably
thrives in urban environments [1]. Some of these are
cosmopolitan species that have spread globally with
humans, while others are native taxa drawn into cities
from surrounding natural habitats. Despite their ubi-
quity, we still lack a coherent framework for under-
standing why certain ant species succeed in cities while
many others decline or disappear [2]. Cities impose a
small set of recurring ecological challenges, and ants that
dominate in these environments tend to solve these
challenges in systematic ways [3]. Identifying these
shared behavioral responses is essential for defining what
it means to be an ‘urban ant.’

Urban habitats are often defined by the stressors they
impose: extensive impervious cover, reduced vegetation,
elevated temperatures, and habitat fragmentation [4].
But for the ant species that prosper in cities, these same
features function less as stressors and more as opportu-
nities. Impervious surfaces create abundant, stable
nesting cavities [5]; reduced plant cover is offset by
concentrated human-derived foods and carbohydrate
resources provided by extrafloral nectaries and hon-
eydew-producing insects [6,7]; urban heat can accelerate
brood development and colony growth [8]; and for ants
that forage on pavement, the urban landscape is not
fragmented but continuous. Moreover, disturbance often
wipes away established nests, reducing competition for
species that arrive afterward [9]. Understanding urban
success therefore requires rethinking urban environ-
ments not as universally degraded habitats, but as novel
ecological templates that create distinct opportunities for
certain behavioral strategies.

Across ecology, correlated suites of traits are often con-
ceptualized as syndromes that characterize groups of
organisms occupying similar niches [10]. In invasion
biology, for instance, invasion syndromes help identify
ant species with the greatest potential to spread and
establish outside their native range [11]. We argue that a
similar logic applies to cities: a recurrent, modular set of
behavioral pathways enables certain ant species to
achieve dominance in human-built environments. We
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2 Social insects

refer to this integrated set of strategies as the ‘urban ant
syndrome.’ Species may vary in which pathways they
use, yet the same behavioral solutions repeatedly appear
among successful urban ants worldwide.

What is an urban ant? A functional definition

Not every ant that lives within a city may be considered
truly ‘urban.” Previous efforts to categorize urban ants
have largely been shaped by pest-management needs
rather than ecological criteria. For example, Urban Ants of
North America and Europe recognizes 40 ant species
(~3.5% of the regional fauna) as urban, primarily because
they were found within human structures or have a po-
tent sting [12]. Because this approach focuses on inter-
actions with people rather than ecological performance,
it tends to include species that are not ecologically pro-
minent in cities while overlooking others that thrive in
built environments but rarely enter structures. Carpenter
ants, for example, are included because of their potential
to nest in wood, even though many species are un-
common in the most urbanized settings. Conversely,
cryptic species that are abundant in streetscapes but
seldom interact with people may receive little attention.

An ecologically grounded definition of urban ants re-
quires a shift from a pest-centered view to one that
considers how ants use urban habitats. Cities are not
uniform but are structured as a mosaic of habitat types
embedded within an urban matrix, ranging from pave-
ment-dominated streetscapes to manicured parks and
relatively intact remnant forests [13]. Because many ant
colonies can persist within a few to several dozen square
meters, remnant patches can support species that would
otherwise disappear from more heavily developed areas.
These patches often harbor surprisingly high numbers of
native species [13-16], contributing to the idea that ci-
ties may function as ‘bioarks’ capable of preserving na-
tive insect diversity [17].

Presence within city limits is insufficient for classifying a
species as urban. Species found only in remnant forests
or shaded park interiors, for example, are not function-
ally urban. Instead, a species’ relative abundance across
habitat types provides a more meaningful indicator:
species that reach their highest abundance in streets-
capes are more urban than ones that occur citywide but
reach their highest densities in forest remnants. This
ecological perspective parallels vertebrate frameworks
that classify species along an urban gradient as avoiders,
adapters, or exploiters [18,19]. Urban avoiders depend
on native vegetation and decline sharply with increasing
development; urban adapters use a mix of natural and
modified habitats; and urban exploiters thrive in heavily
built environments and may be absent or less common in
remnant natural habitats or surrounding areas (Figure 1).
In defining the urban ant syndrome, our focus is on

species most comparable to urban exploiters — those
that achieve high abundance in heavily urbanized ha-
bitats and express behavioral pathways that facilitate
success in human-built environments.

Life history: supercolonies, polydomy, and
how colonies expand in cities

Among the 12 cosmopolitan invasive ants found in cities
across the globe [20], 10 exhibit supercoloniality, a colony
structure defined by low intraspecific aggression, multiple
interconnected nests, many of queens, and population
sizes that reach into the millions [21]. The odorous house
ant, Tapinoma sessile, provides one of the clearest ex-
amples of urban-induced changes in colony structure. In
rural habitats, colonies are small, monogynous, and often
confined to a single hickory nut, with only dozens of
workers. In contrast, urban colonies transform into ex-
tensive supercolonies with tens of thousands of workers
and hundreds of queens distributed across multiple nests
[22,23]. Genetic data show strong differentiation between
urban and rural populations within the same region,
suggesting that supercoloniality and polydomy evolved
repeatedly as local responses to urban conditions [23].
Although 7. sessile colonies display aggression toward one
another in both urban and rural contexts, fusion can occur
when colonies compete for limited nest sites or food re-
sources, conditions that are common in disturbed, re-
source-rich urban environments [24]. Thus, high nest
densities in cities may promote colony fusion and the
development of supercoloniality in urban areas.

Not all urban ants form supercolonies, but many suc-
cessful species exhibit life-history traits associated with
supercoloniality, including polygyny (multiple queens),
polydomy (multiple nests), and dependent colony
foundation through budding. These traits are also
common among invasive ants more broadly [11], and in
urban settings may be especially advantageous. Poly-
domous colonies can occupy ephemeral nesting cavities
under stones, bark, pavement, or landscaping materials,
allowing frequent relocation as microhabitats shift [5,25].
Species that can rapidly colonize such transient nest sites
are likely to persist better in disturbance-prone urban
landscapes. For example, the urban exploiter 7. sessile
showed the fastest colonization time among six co-oc-
curring species, suggesting that rapid nest establishment
is a key advantage in highly disturbed habitats [26]. In
addition, networks of satellite nests may allow colonies
to forage more efficiently on patchy resources, such as
anthropogenic litter or honeydew-producing insects,
further enhancing success in the heterogeneous resource
mosaic of cities [27]. Notably, some urban species, such
as the pavement ant (Tetramorium immigrans), are neither
polygynous nor supercolonial yet remain ubiquitous in
cities, indicating that these traits are not required for
urban success [28].
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A functional definition of urban ants as urban exploiters. (a) Cities com

prise a mosaic of habitat types, including rural/remnant habitats, managed

parks, and highly built streetscapes. (b) Conceptual abundance curves illustrating how ant species distribute along a gradient of urban intensification,

distinguishing urban avoiders, adapters, and exploiters.

Dispersal strategies may also influence which species
succeed in cities. For species confined to remnant forests
or park interiors, long-distance gene flow via mating
flights may be essential for maintaining viable popula-
tions and recolonizing patches after local extinction.
Genetic analyses of urban populations show that sub-
stantial gene flow can persist even in species that rely
primarily on remnant habitats [29,30]. For species that
thrive in the urban matrix itself, the landscape is far less
fragmented, and dependent colony foundation through
budding becomes an especially effective strategy. Once
a propagule enters a city (often through human-medi-
ated transport [31]), budding allows colonies to spread
rapidly through streetscapes, facilitating both urban
success and broader invasion potential [11,32].

Thermal biology: exploiting urban heat for
survival, foraging, and brood growth

Urban heat is one of the most consistent forces shaping
ant communities worldwide [33,34].

Across multiple species, urban populations show ele-
vated critical thermal maxima (CT,,,,) relative to rural
populations [35,36], sometimes arising through rapid
evolutionary change [36-38]. Thermal minima (CT ;)
can be equally important, as cold tolerance often limits
species distributions, and urban heat may relax these
constraints. In Zagreb, Croatia, C'T,,;, better predicted
species distributions than CT,,,.: cold-tolerant species
were confined to cooler remnant habitats and parks,
whereas urban exploiters persisted in the warmer urban
core where elevated temperatures buffered individuals

from stressful winter conditions [39]. Despite these
physiological shifts, evolutionary changes in thermal
tolerance still lag behind the pace of urban warming [37].
Consequently, behavioral responses, rather than phy-
siological evolution alone, likely provide the earliest and
most flexible mechanism for coping with urban heat.

Shifts in behavior can provide an important first line of
defense against extreme temperatures. Urban populations
of the black garden ant (Lasius niger) show increased noc-
turnal activity attributable to the urban heat island effect
[8]. Behavioral flexibility is not universal, however. In a
study from Worcester, Massachusetts (USA), ant species
showed no differences in CT,,, or thermal preference
between hotter and cooler urban habitats, nor did they
adjust their foraging schedules in response to warming [26].
Instead, species identity remained the strongest predictor
of thermal occupancy of baits, suggesting that ants largely
tracked their intrinsic thermal niches rather than shifting
toward cooler times of day. This may explain why cross-
species analyses often detect no correlation between
CT,..x and urbanization [26,40-42]. Beside altering fora-
ging behavior, urban warming may also shift phenology.
Urban heat has been found to advance the timing of re-
productive mating flights, which could reduce thermal
stress on newly mated queens [43]. In addition, shifts in
urban mating flights could lead to genetic isolation be-
tween urban and rural populations, which could further
facilitate local adaptation to urban conditions.

While urban heat may place limits on foraging activity, it
creates opportunities to expand colony growth by
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increasing the rate of brood development. Impervious
surfaces, like concrete, absorb and conduct heat, creating
warm, stable microclimates for brood incubation early in
the growing season [5]. This has long been hypothesized
to benefit species like the pavement ant (7etramorium
immigrans), one of the most common urban ants in
temperate regions worldwide that preferentially nests
under pavement [5,28]. In parallel, heated buildings can
provide refuge for species during colder months or in
colder regions, when they would normally not be able to
survive outside temperatures [44]. Research on urban
populations of L. niger showed that urban heat increased
brood development rate but simultaneously increased
worker mortality rate, making it unclear if it could have
positive or negative impacts on colony growth [8].
However, workers may mitigate these costs by retreating
to cooler underground microhabitats while brood remain
in warmer nest zones [45]. Even in urban spaces with
less pavement cover, open habitats allow solar radiation
to warm the soil surface, enabling mound-building spe-
cies, such as Solenopsis invicta, to use their nests as solar
collectors that accelerate brood development [46]. Be-
cause species with high CT ., often have correspond-
ingly high thermal requirements for brood [47], the
ability to exploit warm microhabitats may create a posi-
tive feedback that enhances colony growth and urban
success — colonies that effectively harness urban heat
may grow more quickly and reach larger sizes, increasing
their competitive dominance in heavily urbanized ha-
bitats.

Nutritional ecology: exploiting novel
resources and high-carbohydrate urban foods
Urban ecosystems alter the nutritional landscape avail-
able to ants. The loss of native plant cover and in-
creasing urban stress can reduce natural food sources
[48-50], while human activity introduces large, spatially
concentrated pulses of food waste [6]. Human food
waste 1is strongly carbohydrate-biased, containing
roughly 1000 times more carbohydrates than other nu-
trient types [51], which differs markedly from the pro-
tein-rich arthropod prey typical of natural habitats. At
the same time, urban trees and ornamental plants fre-
quently host high densities of sap-feeding insects due to
heat stress and reduced natural enemies [52,53], in-
creasing the availability of honeydew and extrafloral
nectaries as reliable carbohydrate sources. Together,
these anthropogenic and plant-derived sugars create a
diet landscape biased toward carbohydrates rather than
protein.

Stable isotope analyses show that urban ant populations
rely heavily on human-derived foods, far more than their
rural counterparts [6]. Urbanization filters out many
specialist predators and herbivores, producing assem-
blages dominated by dietary generalists able to exploit

patchy, unpredictable resources [6,54]. In Raleigh,
North Carolina, urban ground-foraging ants showed a
marked preference for carbohydrates driven by increases
in native carbohydrate-feeding species that flourish in
urban areas, presumably because carbohydrate-rich
foods are far more abundant than in natural habitats [52].
These nutritional shifts are matched by behavioral traits
that help urban ants capitalize on resource pulses: rapid
food discovery, high foraging activity, and mass recruit-
ment [54-56]. Urban species may also display a “dis-
covery—defense” strategy in which the ants that locate
food first also monopolize it through aggressive defense
[55]. Foraging schedules may even align with human
routines, with successful urban species most active
during peak human activity when food waste is most
likely to appear [57]. Together, these traits illustrate how
urban ants thrive in carbohydrate-biased environments
by pairing flexible diets with behaviors that allow them
to rapidly exploit and defend human-generated re-
sources.

Mutualisms offer ants another key route to securing
dependable sugar resources in urban habitats. In many
cities, honeydew from sap-feeding insects becomes an
important and reliable carbohydrate source, particularly
in street trees and ornamental plantings where natural
prey is scarce. Ants may both respond to and influence
aphid abundance, with some studies reporting higher
aphid densities in urban areas independent of ant pre-
sence [50], while others find that aphid numbers track
the abundance of aphid-tending ants, which increase in
urban habitats [58]. Urban ants also more readily accept
low-sucrose honeydew [59] and defend aphid colonies
more aggressively than rural populations [60]. In con-
trast, ant—plant mutualisms involving defense of extra-
floral nectary-bearing plants often weaken in urban
habitats: ants are less aggressive toward herbivores [61],
and key mutualist species may disappear entirely from
urban sites [62]. This erosion may stem from the fact
that ant—plant mutualisms tend to involve more specia-
lized partners, while ant—aphid associations involve
generalists. This contrast underscores how urbanization
typically favors generalist, carbohydrate-focused foraging
strategies.

Synthesis: The urban ant syndrome

The Urban Ant Syndrome describes a recurring set of
behavioral and ecological pathways that enable certain
ant species to dominate city environments. Rather than a
single fixed trait combination, it represents a flexible
strategy space shaped by life history, thermal biology,
and nutritional ecology (Figure 2). These pathways are
modular: species may rely heavily on some while lacking
others. For example, the recently described “Manhat-
tAnt,” Lasius emarginatus, is not supercolonial and does
not forage on human foods, yet it thrives in the most
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The urban ant syndrome. Urban exploiters express a modular set of behavioral pathways spanning life history, thermal biology, and nutritional
ecology. Although species differ in the specific traits they employ, these pathways collectively facilitate rapid colony expansion, effective use of warm
urban microhabitats, and efficient exploitation of carbohydrate-rich food sources.

densely urbanized parts of New York City by combining
satellite nesting with heavy reliance on honeydew from
street trees [63].

The urban ant syndrome substantially overlaps with the
invasive ant syndrome, as many dominant urban ex-
ploiters are also globally invasive species. This overlap is
unsurprising: traits such as polygyny, polydomy, super-
coloniality, and a generalist diet promote establishment
after transport as well as competitive dominance in dis-
turbed habitats [11]. However, we distinguish the two
conceptually. The invasive ant syndrome emphasizes
traits that facilitate dispersal and spread across geo-
graphic regions, often via human-mediated transport,
whereas the urban ant syndrome focuses on traits that
confer ecological dominance within human-built en-
vironments. Evidence that native species like 7. sessile
repeatedly exhibit supercoloniality and expanded
polydomy specifically in cities suggests that some traits
reflect adaptation to urban conditions rather than general
invasion capacity [22,23].

Additional urban stressors, such as light pollution or
heavy metal contamination, may further shape which ant
species persist. Light pollution appears unlikely to in-
fluence worker foraging but may disrupt mating flights
[64,65], while tolerance to urban pollutants varies widely
across species [66,67]. Moving forward, comparative
work across well-characterized urban ant communities

will be essential for identifying which combinations of
traits consistently promote urban success and how mul-
tiple urban exploiters coexist within homogenized as-
semblages. Such studies will not only clarify the
structure of the Urban Ant Syndrome but also reveal
whether dominant urban ants provide key ecosystem
services [7] or signal ecological stress [68] within rapidly
changing city environments.
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