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Abstract

The question “What makes a plant a weed?” has persisted in both the agricultural sciences and
plant ecology and evolution for well over a hundred years. Various authors—agriculturists
focused on crop yield, ecologists examining community assembly, and plant biologists
interested in adaptation—have each defined the term weed. However, these definitions,
developed from unique vantage points, have led to siloed studies and thus constraints on our
understanding of weedy plant evolution. Here we briefly review how weeds have been defined
historically and argue that weeds are best defined by the environment they occupy: plants that
are found, uncultivated and reproducing, in human-modified environments. We then ask
whether weeds are human commensals, populations that depend on human-provided resources
and have diverged from non-commensal ancestors, treating human dependence as a gradient
to be measured. We highlight critical gaps in our understanding of weedy plant occurrence
across agricultural, suburban, and urban environments, and propose a database approach
leading to testable hypotheses for studying weed presence and persistence. Important
outcomes of our reframing include a bridge between agricultural and (sub)urban research
disciplines and a shared, data-driven basis for comparing species across the human-modified

environments they occupy, illuminating the forces that underlie the weedy lifestyle.



69
70
71
72
73
74
75
76
77
78
79

80
81

82
83
84
85
86
87
88
89

Introduction

The concept of a ‘weed’ is one which most people, biologist or not, are intuitively familiar with.
Weeds are everywhere humans are, both part of nature and hellishly difficult to remove from our
lawns, gardens, and old sidewalks. The term ‘weed’ has been applied across many
organisms—plants and animals alike (Doubleday & Connell, 2018; Simberloff, 2022)—but the
notion of ‘weediness’ and its evolutionary and ecological underpinnings have the longest history
of investigation in the plant sciences. Both agricultural scientists and plant biologists have
attempted to name and define what a weed is, and while these two fields have been largely
separate (a history that is interesting in its own right, see (Neve et al., 2009; Menalled et al.,
2016; Baucom, 2019)), the long-standing colloquial definition of a weed is a plant that is out of
place or a plant that does not belong.

< N 3 & ' & A #i
Fig 1. Top 10 worst agricultural weeds (WSSA, 2023), shown here in city and suburban landscapes. Despite >3,000 species classified as
weeds in agriculture, comparable urban and suburban data are lacking, leaving the extent of overlap between agricultural, suburban, and urban
weed communities unknown. Top row (L-R): Convolvulus arvensis (field bindweed), Conyza canadensis (horseweed), Amaranthus
retroflexus (redroot pigweed), Chenopodium album (lamb’s quarters), Taraxacum officinale (dandelion). Bottom row (L-R): Ipomoea
hederacea (ivy-leat morning glory), Ambrosia artemisiifolia (common ragweed), Amaranthus tuberculatus (waterhemp), Cyperus esculentus
(yellow nutsedge), Cirsium arvense (Canada thistle). Photographers, licenses, and source links for images are listed in S1 Table.

This definition, however, tells us as much about the person making the observation of the weed
as the plant itself. More specifically, the designation of a plant as a weed is a value judgment
made by an individual about a particular plant, in a particular place, and at a particular time—
contingent on shifting human preferences and on the context in which the human and plant are
found. Defining a weed as simply a plant out of place is unnecessarily limiting, both conceptually
and scientifically. Who is the appropriate designator? Should there be a timeframe associated
with such designations? Do we focus our designation of a weed on those plants that cause
economic damage, rather than the species that are ever-present and underfoot but are not
necessarily a nuisance? These questions expose the subjectivity built into the term; removing
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that subjectivity opens up a broader range of scientific questions—for example, why do some
species become a nuisance across many human-created environments (Fig. 1), while others

are problematic only in certain contexts?

In this perspective, we argue that weeds are best defined by the environment they occupy:
plants that are found, uncultivated and reproducing, in human-modified environments that differ
in the type and frequency of disturbance and in the resources they provide. This definition builds
on prior disturbance-based definitions but focuses on the context: the plant is in a human-
modified environment, where disturbance becomes a measurable variable. We then ask
whether weeds are human commensals (Fawthrop et al.,2025), that is, populations that depend
on human-provided resources and have diverged from non-commensal ancestors, and we treat
dependence as a measurable continuous variable. We review how weeds have been defined,
show where the commensalism framework applies to agricultural and urban weeds, and identify
gaps in our understanding of weedy plant occurrence across agricultural, suburban, and urban
environments, which impose both shared and distinct selection pressures. We then propose a
database of weedy plants and the hypotheses it makes testable. The result is a shared basis for
connecting the largely siloed study of weeds in agricultural and (sub)urban contexts, and a
structured framework for future empirical work designed to understand the evolutionary forces

that lead to “weediness”.

Baker and Harlan & deWet were both right

The generic plant out of place definition of a weed may be the default because as Baker (1965)
observed, "definitions of a weed are almost as numerous as the authors of papers dealing with
them." In Some Thoughts About Weeds, Harlan and deWet (1965) organized the many existing
definitions into three categories based on the community that developed them. “Professional
weed men” described weeds as obnoxious, nuisance, plants with harmful or objectionable
habits, unwanted, or does not belong (Table 1), whereas the “ecologically minded” placed
emphasis on weeds being pioneers of secondary succession in the weedy arable field, or
artifacts or camp followers (Table 1). Both categories of definition have limits. Human judgment
alone offers no insight into why or where weeds exist, how they interact with other species and
with crops, or how to manage them (Radosevich et al., 2008). Ecological context alone fails to
capture how a species may behave differently in other contexts: is a plant a weed in one setting
but not another? Finally, definitions made by “enthusiastic amateurs”—namely, Ralph Waldo

Emerson’s weed as a plant whose virtues have not yet been discovered (Blatchley, 1912)—
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highlights why weeds should not be defined via value judgment. Human values shift through
time or vary according to social construct; a nuisance or obnoxious plant in one context may be

a valuable source of food or forage in another.

In Table 1, we present a summary of definitions of the term weed and rank them according to
whether they lend themselves to testable hypotheses. For example, the definition from the
Weed Science Society of America (WSSA) allows for greater evaluation than prior definitions as
it positions a weed as “A plant that causes economic losses or ecological damage, creates
health problems for humans or animals, or is undesirable where it is growing” (WSSA, 2016).
Economic loss or ecological damage can be quantified, as can the potential to create health
problems in humans or other animals; however, this view still leans into the human value of

undesirable.

Even more neutral—and thus more easily testable—definitions of a weed come from Harlan and
deWet (1965) and Baker (1965). Harlan and deWet define weeds as plants that display “An
adaptive syndrome which permits a species or variety to thrive and become abundant and
difficult to eradicate within areas of human disturbance,” whereas Baker’s definition notes that
“A plant is a “weed” if, in any specified geographical area, its populations grow entirely or
predominantly in situations markedly disturbed by man (without being deliberately cultivated).”
In the same period, Baker proposed a set of traits that characterized the “ideal weed,” and later
argued that successful weeds often possess a “general-purpose genotype”—a genotype
conferring wide environmental tolerance and the ability to grow across a multitude of climates
and edaphic situations (1965, 1974). We expand on this aspect of Baker’'s contribution in Box 1.
While distinct from his formal definition of a weed, these concepts established the groundwork
for later examinations of weediness traits and the importance of plasticity for the weedy plant

lifestyle.

In both of these definitions, a plant is a weed if it can take advantage of human-based
disturbance—the disturbance humans create is relevant, human opinion about the plants that
exploit it is not. Baker's definition includes no constraint on population size or abundance,
allowing it to capture presence in its own right, rather than requiring a species to reach some
threshold of abundance before it qualifies as weedy. Leaning into Baker's human-disturbance

based definition aligns with a key question in ecology and evolution: how humans, as the
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world's greatest evolutionary force (Palumbi, 2001), may alter the evolutionary trajectories of the

species around them.

In that light, we propose a more encompassing definition of a weed, as uncultivated plants that
are able to take advantage of, or tolerate, the environments humans create or manipulate, and
that are able to reproduce in such environments, whether through adaptation or plasticity (Table
1). This definition builds on Baker’s (1965) and Harlan and deWet'’s (1965) emphasis on human
disturbance, but centers the human-modified environment, rather than exposure to human-
mediated disturbance. We make this shift for two reasons. First, human-modified environments
differ in disturbance type and frequency, so disturbance is better included as a measured
variable than as a prerequisite for inclusion. Second, humans modify environments in ways that
are not disturbance (e.g., supplying water, nutrients and shelter), and these changes may
matter as much as disturbance for the plants that persist there. The reframing was inspired by
the view of humans as an evolutionary force and by the human commensalism framework
(Fawthrop et al.,2025), which recognizes that some species depend on the resources humans
provide and are adapted to, and found in, human-modified environments. This shift also follows
a broader move in ecology and evolution to treat agricultural, suburban, and urban landscapes
as human-modified systems, each with shared and unique pressures (Foley et al., 2005; Ellis &
Ramankutty, 2008; Johnson & Munshi-South, 2017). Centering the environmental context lets
us ask whether weeds are also commensal, that is, dependent on those environments. We next

explain the human commensalism framework and how it informs the definition.



Definition

Source

Testability

Anthropomorphic /
Judgment-Based

A plant out of place / Any plant which
grows where it is not wanted

(Blatchley, 1912);
(Georgia, 1916)
(Muenscher, 1946);
(Isely, 1960);
(Salisbury, 1961);
(Klingman, 1961);
(Wodehouse, 1963)

Low; depends entirely on
an unspecified observer's
intent

Any plant that interferes with man's
plan of conquering the earth

(Pieper, 1930)

Low; rhetorical framing

Higher plants which are a nuisance /
Obnoxious plants / Unsightly

(Harper, 1960);
(Robbins et al., 1952);
(Thomas, 1959)

Low; purely evaluative
language

A plant that causes economic losses
or

ecological damage, creates health
problems for humans or animals, or is
undesirable where it is

growing

(WSSA, 2016)

Moderate; economic,
ecological, and health
clauses are measurable,
but the disjunctive 'or
undesirable’ clause allows
subjective classification

Ecological / Trait-
Based

Predominant and pernicious / A plant
that grows so luxuriantly or plentifully
that it chokes all other plants that
possess more valuable properties

(Gray, 1879);
(Brenchley, 1920)

Low; no measurable
threshold given for
“predominant”, and
“valuable properties”
reintroduces a value
judgment

Pioneers of secondary succession,
specifically of arable fields / Artifacts,
camp followers

(Bunting, 1960);
(Anderson, 1952)

Moderate; successional
stage is observable, but
scope is narrowly
agricultural

A plant species that can thrive in
disturbed habitats (whether altered by
natural or anthropogenic forces) due to
increased plant fitness through
functional and adaptive traits

(Sharma et al., 2021)

High; fitness and traits are
directly measurable,
though “disturbed” still
needs defining

Association with
Human Disturbance

A plant is a “weed” if, in any specified
geographical area, its populations
grow entirely or predominantly in
situations markedly disturbed by man
(without being deliberately cultivated)

(Baker, 1965)

High; disturbance and
cultivation status are both
observable in the field

An adaptive syndrome which permits a
species or variety to thrive and
become abundant and difficult to
eradicate within areas of human
disturbance

(Harlan & deWet,
1965)

Moderate—High; “adaptive
syndrome” implies
measurable traits, but
“difficult to eradicate” is
harder to quantify
consistently

Association with
Human-Modified
Environments

Uncultivated plants able to take
advantage of, or tolerate, the
environments humans create or
manipulate, and likewise able to
reproduce in such environments,
whether through adaptation or
plasticity

Baucom & Josephs

High; persistence and
reproduction in human-
modified habitats are
directly observable and
quantifiable
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Table 1. Example definitions of the term 'weed' through time, grouped by four themes. Anthropomorphic
or judgment-based definitions emphasize human opinion. Ecological or trait-based definitions focus on
ecological context or life-history traits. Association-with-human-disturbance definitions define weeds as
plants found in human-disturbed areas. We propose a definition of weeds based on association-with-
human-modified-environments as a fourth category. We note that groupings overlap and should not be
interpreted strictly. We rank each definition according to whether its criteria can be measured directly
(e.g., population density, presence in disturbed habitats) or if it relies on human judgment (e.g., nuisance,

undesirable).

Box 1

Baker’s “ideal weed” traits and the general-purpose genotype

Herbert Baker, a plant biologist and “genecologist” from California, developed a list of traits
describing the “ideal weed” by contrasting weedy plants to non-weedy close relatives (Baker
1965 and references therein). The list, first published in The Genetics of Colonizing Species,
includes the following:

Has no special environmental requirements for germination.

Has discontinuous germination (self-controlled) and great longevity of seed.

Shows rapid seedling growth.

Spends only a short period of time in the vegetative condition before beginning to flower.

Maintains a continuous seed production for as long as growing conditions permit.

Is self-compatible, but not obligatorily self-pollinated or apomictic.

When cross-pollinated, this can be achieved by a nonspecialized flower visitor or by wind.

Has very high seed output in favorable environmental circumstances.

Can produce some seed in a very wide range of environmental circumstances. Has high

tolerance of (and often plasticity in face of) climatic and edaphic variation.

10. Has special adaptations for both long-distance and short-distance dispersal.

11. If a perennial, has vigorous vegetative reproduction.

12. If a perennial, has brittleness at the lower nodes or of the rhizomes or rootstocks, so that it is not
easily dug out of the ground.

13. If a perennial, shows an ability to regenerate from severed portions of the root-stock.

14. Has ability to compete by special means: rosette formation, choking growth, production of toxic

substances (allelopathy), etc.

©Cxo NGO hWON =

One of Baker's main conclusions was that there is no single path to weediness: some species
succeed through a wide array of traits, others through just one or a few. He likewise developed
the concept of the “general-purpose genotype,” which he defined as “the kind of genotype which
provides the plant bearing it with a wide environmental tolerance, and gives it the ability to grow
in a multitude of climates and edaphic situations” (1965). Both concepts— “ideal weed” traits
and the general-purpose genotype (GPG)—inspired decades of subsequent research on traits
associated with weedy plants in global and regional flora, as well as studies of plasticity and
plant adaptation to new environments (reviewed in Richards et al., 2006; Py3Sek & Richardson,
2007; Lau & Funk, 2023).
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Notably, while Baker discussed differences between native and introduced weeds narratively
(1974), he did not treat introduction status as a variable for comparisons the way later trait-
based studies would; Stebbins, writing in the same 1965 volume, focused specifically on traits of
weeds within the native California flora. Since that time, trait-based and GPG-inspired research
has concentrated heavily on introduced, invasive species, leaving comparisons of native weeds
and native non-weeds comparatively rare. Exceptions include Sutherland (2004), who
compared life-history traits among native and exotic weeds and non-weeds in the US flora, and
Kuester et al. (2014) and (Van Etten et al., 2017), who extended Baker-inspired comparisons to
include native weeds versus native non-weeds directly, along with the more conventional
introduced-species contrasts.

/end Box 1

Are weeds human commensals?

As defined by Fawthrop et al. (2025), a human-commensal species exhibits both population-
level dependence on anthropogenic resources and genetic differentiation from a non-
commensal ancestral population (Fig. 2). This definition builds on the classic view of
commensalism as a pairwise interaction in which one partner benefits while the other
experiences no net benefit or harm (Maréchal & McKinney, 2020; Mathis & Bronstein, 2020).
Human commensalism specifies that relationship further: the non-human partner benefits from
exploiting human-modified environments, while the human experiences neither meaningful
benefit nor cost—or if there is a cost, it is much smaller than the benefit to the non-human
partner. Costs and benefits are assessed on fitness, not economic harm, so a plant that reduces
crop yield can still be a commensal, whereas a species that harms human health (for example,
through allergenic pollen or toxins) would not be. Human commensalism is different from related
terms, such as synanthropic, anthrophilic, synurbic, or urban exploiter that instead describe
different components of human interaction intensity (Fig. 2; Fawthrop et al., 2025). Critically, the
human commensalism framework requires that humans are actively living in or modifying the
environment in question, not just affecting it. Most species are influenced in some way by
humans via habitat fragmentation, global climate change, and other pressures; being affected
by humans is not the same as relying on them. Both criteria of the definition of human
commensalisms are testable: a dependent population declines or fails to persist when the
human-provided resource is removed, and differentiation can be assessed by comparing
populations from human-modified environments with non-commensal ancestral or reference

populations.
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Weedy plants are strong candidates for human commensals. Many crop weeds (also known as
agrestals), such as various Ipomoea (morning glory) species, Chenopodium album
(lambsquarters), and Setaria faberi (giant foxtail) (Fig. 2), depend on the open, disturbed soil
created by tillage for germination (Dekker & Hargrove, 2002; Baucom et al., 2011; Eslami &
Ward, 2021). If these species are commensals, their populations should decline when the
disturbance is removed (Fawthrop et al., 2025). Although not yet studied explicitly within the
commensalism framework, ‘weed shifts’, in which weed communities reorganize after a change
in agricultural practice, offer a scenario ripe for testing. A management regime, such as
sustained use of a particular herbicide or tillage system (Buhler, 1995; Owen, 2008),
suppresses some species and so opens ecological space for others better able to tolerate it.
When the regime changes, species that benefited from the old conditions decline and others
expand (Storkey et al., 2012). Release from competition is not among the resources Fawthrop
et al.,(2025) list, so we treat it here as an extension of the framework. Weed shifts identify
species associated with a regime; determining which are commensals would be informed by
tracking populations after the regime is removed altogether, or by testing whether competitor

suppression underlies their advantage.

A second tenet of the human commensalism framework is that commensals exhibit genetic
differentiation from non-commensal or ancestral lineages. Weedy radish (Raphanus
raphanistrum) offers a clear agricultural example: populations sampled from crop fields flower
significantly more rapidly than any other Raphanus population or cultivar, consistent with
genetic differentiation due to adaptation to the frequent, severe disturbance characteristic of
agricultural fields (Charbonneau et al., 2018). Crop-mimic weeds provide further examples,
having diverged from non-mimetic relatives in response to selection imposed by weeding. A
weedy strain of Camelina sativa (false flax) evolved a suite of adaptations to mirror flax, such as
similar height, synchronous reproduction, and flax-like seed morphology, which help it escape
removal from flax fields (Harper et al., 1970; Barrett, 1983; Brock et al., 2018). Similarly,
Echinochloa crus-galli (barnyard grass), has evolved rice-like tiller angle and phenology to
escape detection in rice paddies (Barrett, 1983; McElroy, 2014; Ye et al., 2019).

A parallel pattern has been documented in urban weeds, which show genomic (Lepidium
virginicum) and/or phenotypic (L. virginicum and Ambrosia artemisiifolia) divergence along
urban-rural gradients (L. virginicum: Yakub & Tiffin, 2017; A. artemisiifolia: Gorton et al., 2018).

Such differentiation in response to human-modified environments may be repeatable across

10
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agricultural and urban contexts, although it can be inconsistent across cities (Kostanecki et al.,
2021; Santangelo et al., 2022a). These patterns provide evidence for the differentiation
component of commensalism, but differentiation alone does not distinguish dependence from
tolerance, so dependence must be shown separately. Detecting differentiation is also a high
bar, because it requires paired ancestral and derived populations, and the rural end of a
gradient is not necessarily ancestral. Historical sampling could also provide evidence of genetic
differentiation during adaptation to human-modified environments (Kuester et al., 2016; Kreiner
et al., 2022). Further, weeds may also succeed in human-modified environments without
additional genetic changes, persisting instead through phenotypic plasticity, and populations
may differ in plasticity itself. Here we suggest that adaptation and plasticity are complementary
routes to persistence in human-modified environments, and that plasticity deserves investigation

as a pathway toward commensalism.

Weeds differ in how strongly they depend on human-modified environments, and not all require
human-modifications. Some persist through tolerance or dispersal adaptations that make them
better characterized as 'synanthropic' (Fig. 2) or opportunistic species (Hulme-Beaman et al.,
2016). These species exploit novel spaces humans create, such as sidewalk and asphalt
cracks, or persist in abandoned lots and lawns (e.g., Convolvulus arvensis; Del Tredici, 2010).
Synanthropic or opportunistic species can likewise be found in agricultural areas, taking
advantage of that space without relying on it. Some species may depend on one component of
human modification (i.e., disturbance) while remaining opportunistic with regard to other
resources—for example, Ipomoea vines that climb maize plants for access to light, or
nitrophilous weeds such as common lambsquarters (Chenopodium album) that exploit fertilizer
inputs (Blackshaw et al., 2003) without depending on them for persistence (Simard & Ziadi,
2024).

11
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Rarely encounter humans Uses resources opportunistically Depends on anthropogenic resources
Non-associated Synanthropic Human-commensal
no dependence on humans moderate dependence high dependence

4§

No association with human Tolerate human disturbed Dependence on human disturbance
environments environments

Fig 2. Human commensalism according to Fawthrop et al. (2025). Species are arranged according to their interaction type
with humans, from non-associated through synanthropic (human associate that uses human resources opportunistically) to
true human-commensal (reliance on anthropogenic resources or disturbance for persistence, high dependence). Top row:
representative animal taxa spanning the scale, from species that rarely encounter humans (e.g., deep sea fish) to species
tolerant of human environments (e.g., raccoon) to species that depend on anthropogenic resources (e.g., house sparrow,
house mouse). Bottom row: representative weedy plant taxa spanning the same scale, from species with no association with
human-modified environments to species that tolerate human disturbance to species that depend on human resources for
persistence, such as consistent human disturbance of soils. The shared three-category framework illustrates that weeds can
be placed on the same continuum of human dependence.

Since dependence on humans is not necessarily a fixed property of a species but a variable
relationship that must be measured, our suggested entry criterion for weediness does not itself
require it. Following Baker (1965) and, to some extent, Harlan and deWet (1965), a plant
qualifies as a weed if it is found, uncultivated and reproducing, in a human-modified
environment. We depart from Baker by centering the human-modified environment rather than
disturbance, and by treating dependence on human resources, a hallmark of human
commensalism (Fawthrop et al.,2025), as something to measure. This change does not make

cross-environment questions newly possible, but it should encourage them.

We next characterize how human-modified environments differ and overlap in the type,
frequency, and predictability of their stressors and resources, and what this suggests about the

selective pressures weedy plants contend with in each.

Human-modified environments as selective landscapes for weedy plants

Human modifications in urban, suburban, and agricultural landscapes challenge plants and the
potential effects of these modifications have been heavily reviewed (Cousens & Mortimer, 1995;

Murphy & Lemerle, 2006; Grimm et al., 2008; Radosevich et al., 2008; Johnson & Munshi-
South, 2017; Rivkin et al., 2019; Alberti et al., 2020). Some of these challenges are shared

12
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across environments. For example, these landscapes all experience high levels of chemical
stress. In response to heavy use of chemical herbicides, plants have repeatedly evolved
herbicide resistance, creating agricultural challenges (Délye et al., 2013; Baucom, 2019).
Suburban species may also face strong herbicide pressure and urban species face additional
toxic chemicals due to soil pollution (Vanni et al., 2015). In addition, both urban and agricultural
environments can experience increased levels of drought than natural areas (Lambrecht et al.,
2016), although this pattern is reversed in cities in arid climates (Hope et al., 2003) and in
irrigated fields. These shared environmental pressures could select for similar responses: for
example, urban plants often flower earlier than plants from rural populations in situ (Li et al.,
2019) and in common garden (Yakub & Tiffin, 2017; Gorton et al., 2018; Stanley & Ashman,
2025; Chan et al., 2026; but see Lambrecht et al., 2016; Taichi et al., 2025). Early flowering is
also a hallmark of adaptation in agricultural weeds (Le Corre et al., 2020; Li et al., 2023;
Garrison et al., 2024) and early flowering can contribute to herbicide resistance (Raingeval et
al., 2024).

However, not all environmental stresses are shared across human-modified environments.
Urban environments are characterized by higher temperatures than surrounding rural areas,
suggesting that urban environments may select for resilience to high temperatures in ways that
rural environments will not (Taichi et al., 2025). In addition, (sub)urban and agricultural habitats
likely differ in nutrient levels. Agricultural weeds have evolved to exploit higher levels of nutrients
from fertilizer (Bravo et al., 2018) while in urban yards, fertilization reduces the presence of
weeds relative to cultivated species (Cavender-Bares et al., 2020). Interestingly, the crop
mimicry example described earlier points to a further difference between urban and agricultural
environments: there is no straightforward analog to this kind of adaptive scenario in urban
settings. There may, however, be a parallel process at work: urban weeds that grow low to the
ground may be favored for escaping mowing (Baucom & Holt, 2010), and since homeowner
preferences shape species diversity in urban yards (Cavender-Bares et al., 2020), aesthetically

appealing weeds may carry a fithess advantage in these environments as well.

One benefit of comprehensively studying weeds across (sub)urban and rural contexts will be
uncovering the common features of these human-modified landscapes that benefit weeds. For
example, human-modified landscapes often have reduced herbivore diversity (Maunder et al.,
2025) that could select to lower levels of chemical defenses in weeds (Santangelo et al., 2022a)

although patterns of herbivory across urban and natural landscapes are heterogeneous

13
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(Santangelo et al., 2022b). Similarly, the stresses of (sub)urban and rural environments could
reduce competition from other species, benefiting weeds that can tolerate harsher conditions
(DiTommaso, 2004; Bae et al., 2016). This effect may be stronger for urban weeds than
agricultural weeds, at least as seen in studies that find that, compared to rural populations,
urban weeds are less resilient to competition (Fukano et al., 2020) and herbivory (Pisman et al.,
2020).

While we have discussed specific examples, making broad conclusions about the shared nature
of stresses and adaptive strategies across human-modified environments is difficult because
agricultural stresses are mostly studied by weed scientists while urban stresses are studied by
evolutionary ecologists (Rivkin et al., 2019) although some studies of urban weed adaptation
use agricultural populations as a non-urban control (Fukano et al., 2020). A broader definition of
a plant as a weed allows for comprehensive studies of that species across environments, which
can ultimately test the question that will seemingly never go away— “what makes a weed a

weed?”

Casting a wide net will allow us to ask novel questions about the factors that underlie

weediness

As noted above, weeds studied in agricultural spaces are typically examined in isolation from
their presence in (sub)urban spaces, and vice versa. Because these contexts have largely been
studied separately, no framework has emerged for uniting the study of weeds across human-
modified environments. Such a framework would make it possible to ask questions that are
difficult to ask with context-specific data, such as the ubiquity question raised previously (Fig. 1):
is a plant’s presence across multiple human-modified environments due to a long-term
association with humans, high stress tolerance, a dispersal mechanism that enables presence
regardless of context, or some combination of these? The commensalism framework adds
questions about dependence: how strongly does a given species depend on human-modified
environments, what trait or set of traits confers high persistence, and does dependence on
humans imply that some trade-off exists in adapting to human environments? Further, how does
a plant's introduction history influence the likelihood that a species will be considered weedy or

problematic in multiple human-modified environments?

Answering questions like these requires data that do not yet exist in a unified, comparable
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form—presence, abundance, and dependence are rarely recorded across agricultural, urban,
and suburban contexts for the same species. We therefore advocate for a broad database of
human-associated plant species, built around two core principles: an inclusive entry point (i.e.,
Is this plant found, uncultivated and reproducing, in a human-modified environment?), and
measured variables that allow for developing structured hypotheses about such plant species.
Table 2 lists variables that we envision as the basis for re-framing our understanding of weedy
plants (presence, abundance, human-modified environment or land type), as well as the
variable that would allow us to assess a weed’s degree of dependence on human-modified
environments—namely, whether it is disturbance-requiring or dependent on some other human-
provided resource. Beyond this, incorporating introduction history will further disentangle
introduced non-weeds from introduced weeds, also known as invasive species—a strategy
taken in (Kuester et al., 2014) that identified distinctions between introduced plants that are
considered ‘problematic’ versus introduced plants that have yet to merit concern. Further,
including a noxiousness variable can allow for a separate axis of consideration: noxious is a
legal and regulatory designation, assigned differently across federal, state, and international
entities (Skinner et al., 2000; Quinn et al., 2013; Beaury et al., 2021). Exactly how best to
incorporate this variable—whether as a binary federal designation, a count of state-level listings,
a categorization by harm domain (e.g., agricultural, ecological, human health), or some
combination of these—remains an open and important question for consideration. We
emphasize that what we propose here is a framework and starting set of variables (Table 2) and
not a completed design—rather, a conceptual foundation for future adaptation. Box 2 outlines
several of the novel hypotheses and research directions this restructured definition and

database can open up.
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Variable

What it captures

Why it matters

Presence (y/n)

Whether an uncultivated plant occurs
in a human-modified environment.

Operationalizes the ubiquity/specificity
axis (found in all environments vs.
one).

present.

Reproduction Whether the plant reproduces in the Separates persistent populations from
(y/n) environment versus transient due to transient ones.

immigration.
Abundance Population size/density where Distinguishes ubiquitous-but-rare from

ubiquitous-and-dominant, a distinction
presence/absence alone does not
capture.

Context or land
type

The specific human-modified
environment the species occupies.
Can be captured in a variety of ways.

Allows for a test of whether presence
across environments reflects a shared
underlying stressor or independent,
environment-specific pressures.

Disturbance

The kind of disturbance (e.g.,

Makes disturbance a measured

type and mowing, tilling, herbicide, etc) and variable, allowing tests of whether

frequency frequency of such disturbance. ubiquity is tied to particular regimes.

Dependence Whether persistence depends on Closest measured proxy for

on human human inputs, such as consistent dependence; a species can fail this test

resource disturbance. Other relevant human- and remain in the dataset rather than

based resources could be included. being excluded a priori.

Introduction Introduced vs native status. Allows for contrasts of native vs

history (y/n) introduced species, may help to
disentangle the concepts of weediness
and invasiveness.

Noxiousness Degree of harm/economic Fashioned as a measured outcome

metric damage/undesirability. rather than the criteria for entrance in

the database.

Table 2. Variables to record when developing a structured database of weedy plants found in

human-modified environments. These variables enable hypothesis-driven comparisons of

presence and abundance across contexts and allow additional information—such as plant traits

(Box 1)—to be layered on to assess what underlies prevalence and persistence.
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Box 2

Testable hypotheses enabled by this framework

Overarching question: Why are some weedy species found across every human-modified
environment they encounter, while others are restricted to one?

One could take a multi-tiered approach to testing hypotheses about general adaptation
to multiple human-modified environments. First, systematic floristic surveys across agricultural,
suburban, and urban environments would establish presence and abundance (categorized, e.g.,
absent to dominant) for each species, identifying core weeds found across all environments
versus those restricted to one. This presence/abundance matrix would then support
phylogenetic and trait-based analysis: testing whether ubiquity and abundance show
phylogenetic clustering—indicating a shared, conserved basis for ubiquity—or phylogenetic
overdispersion, indicating convergent, independent origins; identifying which traits associate
with high ubiquity versus specificity, and whether trait associations differ by environment type.
Further, incorporating introduction status (introduced vs. native) would allow one to examine
potential differences between native and introduced weeds (invasives). Finally, a sub-sample of
core weeds identified through this process would move into experimental eco-evolutionary work:
common garden studies to test whether trait differences persist under shared conditions (e.qg.,
smaller size in urban-origin lineages?), and reciprocal transplants to test for local adaptation via
home-site performance advantages.

Overarching question: Do various human-modified environments have similar impacts on
dispersal and gene flow?

Human modifications are likely to affect not just the stresses that plants experience, but
also broader patterns of movement across the landscape. These changes have led to specific
hypotheses for how human modifications could affect gene flow, leading to selection for specific
dispersal traits. First, there is an expectation that human-modified environments will be more
fragmented than natural environments (Haddad et al., 2015; Miles et al., 2019). Fragmentation
can shape the evolution of mating systems, floral traits, and life history traits (Jacquemyn et al.,
2012). In line with this, (Cheptou et al., 2008) found that the fragmented nature of urban
environments selects for reduced dispersal.

Second, human actions could themselves modify dispersal patterns, if humans or their
vehicles are likely to move seeds (Baduel et al., 2018), if human modifications provide barriers
to movement, or if human-modifications affect communities of dispersors (Stanley & Arceo-
Gomez, 2020). However, while urban areas tend to contain species with different dispersal traits
than rural areas (Knapp et al., 2012), there is not clear evidence of urbanization affecting gene
flow patterns within species (Miles et al., 2019; Chan et al., 2026; Hoffman et al., 2026).
Meanwhile, agricultural weeds often show evidence of low differentiation among populations,
potentially due to human-mediated dispersal (Alvarado-Serrano et al., 2019; Ravet et al., 2021).

As more researchers connect genomic datasets for human commensal species, it will be
possible to assess patterns of gene flow across environments and develop a unified framework
for how human modifications affect gene flow and how plant dispersal evolves in response to
these modifications.
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Overarching question: How does plasticity contribute to success in human-modified
environments?

Plasticity is often hypothesized to be important for persistence through environmental
stress and establishment in new environments (Chevin & Hoffmann, 2017), making it a key
potential contributor to weed success across urban and agricultural habitats (Baker, 1974;
Rivkin et al., 2019). Studies in agricultural weeds have suggested that plasticity likely
contributes to adaptation to human-modified environments (Josephs et al., 2021; Garrison et al.,
2024). While there have been fewer studies of urban weeds, many of the weed trait differences
observed along urbanization gradients are plastic (Sotillo et al., 2024; Taichi & Ushimaru, 2024).
Combined, these results suggest that plasticity could in general allow plants to thrive in human-
modified environments, but we lack comprehensive evidence of this pattern across
environments.

Addressing the role of plasticity in adaptation to human commensality will first require
common garden experiments and, especially, reciprocal transplant experiments, that can clearly
demonstrate links between plasticity and fitness. While these studies are limited in urban
environments, the ones conducted so far do not find strong evidence for a role for plasticity. In a
reciprocal transplant experiment, (Gorton et al., 2018) found both rural and urban plants were
equally plastic to rural vs urban environments, suggesting that changes in plasticity did not
contribute to any potential adaptation to human commensalism. Similarly, (Géron et al., 2022)
did not find differences in plasticity between urban and rural populations. Meanwhile, in
agricultural weeds, common garden experiments have shown that plasticity could contribute to
persistence but that agricultural populations have evolved a mixture of increased and decreased
plasticity across traits (Hermanutz & Weaver, 1996; Garrison et al., 2024).

/end Box 2

Synthesis and forward look: Benefits of studying weeds in proposed framework

There are numerous benefits in being inclusive about what makes a plant a weed from the
outset and in taking a structured, empirical approach to studying weedy plants. Primarily, the
inclusive entry criterion and the framework we have detailed replace an a priori assumption
about a plant species with data-driven characterization. For example, prior work has leaned on
lists of plants classified as a ‘weed’ by knowledgeable entities—each with their own way of
deciding which plants should be included (WSSA, 2026; Daehler, 1998; Holm & Holm, 2014)—
and then identified traits or characters associated with weeds compared to non-weeds
(Williamson, 1993; Sutherland, 2004; Kuester et al., 2014). The approach we advocate makes
no prior designation a bar for inclusion; instead, a plant found, uncultivated and reproducing, in
a human-modified environment is itself the entry point, with abundance and other measurable
properties then recorded and compared across contexts. Variation among species then

emerges from the data (e.g., Is the species dependent on human resources? How abundant is
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it? Is it found in each of the human-modified environments under study? What is its introduction
history?) and is not assumed from the outset. The framework is thus generative rather than

classificatory and aimed at broadening the scope of study of weedy plant ecology and evolution.

Further, we treat commensal status as an outcome of data collection, rather than criteria for
inclusion. We likewise re-center the definition of a weed on plants occurring in human-modified
environments, rather than on disturbance; within these environments, the type of human-based
disturbance becomes a recorded variable. Doing so allows one to examine the ubiquity and
specificity of a weed across different human-modified contexts, exposed to different frequencies
and intensities of disturbance. Additionally, under this framework, the concept of noxiousness as
established by federal or state entities could be included as a measured variable in the dataset,
allowing new testable questions (e.g., Are noxious species disproportionately ubiquitous across

human-modified environments?).

To be sure, broadening the definition of a weed to be more inclusive will invariably expand the
list of qualifying species well beyond those on official inventories like the WSSA list, which
currently contains ~3.8k species (WSSA, 2026). This could be viewed as practically
counterproductive: land managers and regulatory bodies often need to prioritize eradication
efforts on species of the highest economic or ecological concern, not on every plant capable of
persisting in a human-modified space (Skinner et al., 2000). Additionally, and as we have
pointed out before, there are numerous definitions of the term ‘weed’—do we really need a
restructuring or reframing? Further, where do plants that can invade natural areas, and are
sometimes labeled as ‘weeds’ fit within this framework? There are likewise large-scale efforts
already characterizing plants at a global level—GloNAF (Global Naturalized Alien Flora), for
instance, compiles distribution data for naturalized alien plant species worldwide (van Kleunen
et al., 2019), and there would certainly be species overlap between initiatives. Finally, reframing
weeds as plants that can persist in human-modified spaces necessitates action—careful
taxonomic inventories of plants in agricultural and (sub)urban spaces will need to be made (e.g.,
presence and abundance data), and, to describe and differentiate types of weeds from one
another, additional categories of data will need to be recorded (Table 2). Who is to generate

these data, individual researchers, coordinated groups of researchers, etc?

Others have identified pieces of this problem. Radosevich et al.,(2008) argued for a neutral,

non-value-laden definition of a weed, and noted that evaluations of a successful species should
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consider the number of individuals, the range of habitats occupied, and the ability to continue
the species through time. Morin et al.,(2013) made the same core observation that we do here:
the classification of a plant as a weed rests largely on human perception of being ‘troublesome’
rather than on objective criteria. Past efforts have pointed to the same problem, but none
provided a structure that describes a testable path forward. Meanwhile, the same weed species,
weedy traits, and evolutionary processes are frequently studied in agricultural and (sub)urban
settings in isolation from one another, with little overlap between urban ecology and evolution
and agricultural weed science. Applying one inclusion rule across all human-modified
environments, and treating both disturbance (type, frequency) and dependence as measurable
guantities makes it easier to ask questions about a species’ presence, persistence, and
adaptation across the full range of contexts it occupies, rather than having separate sub

disciplinary studies on the same species, as is current practice.

This approach can also help to disaggregate weediness from the sometimes inconsistently
defined ‘noxious’ label, which tends to rely on regulatory judgments or economic filters. It is
distinct from GloNAF (van Kleunen et al., 2019), which documents where naturalized alien
plants occur worldwide but not the land-use contexts they occupy, their dependence on human-
modified environments, or native weeds; GIoNAF is therefore a natural source of data for the
database and not a competing effort. We view the remaining concerns raised above, the
number of species and who will generate the data, as ones that any large conceptual advance

would need to examine in practice.

Finally, another benefit of this reframing is that it helps distinguish plants that are invasive from
plants that are weeds. A species is considered invasive if it is non-native, has been introduced
either intentionally or unintentionally, and is likely to cause economic harm (lannone et al.,
2020). Invasive plants are labeled invasive weeds by the WSSA (WSSA, 2016), yet this
terminology is discouraged by others since not all weeds are invasive (lannone et al., 2020).
Invasive plants can invade natural areas (e.g., cheatgrass) and maintain their population sizes
without further disruption or input from humans, so by the definition and framework presented
here we would not consider natural-area invaders to be weeds. The two categories can overlap:
an introduced plant that also occurs and reproduces in human-modified environments would
qualify as a weed there. Introduction history and noxiousness are therefore incorporated (Table

2) so that invasive status can be examined across contexts.
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Summary

Prior definitions of the term weed relied on human opinion, ecological characteristics, or
economic harm, typically in isolation from one another. While each perspective can be useful,
relying on them in isolation constrains our understanding of weediness. In contrast, viewing
weedy plant ecology and evolution through the lens of human association allows for a broader,
more neutral definition—and, with it, an operationalized way forward. For example, definitions
that focus on abundance in a particular context—i.e., an ecological lens—or that imply some
threshold of economic harm would fail to generate hypotheses about the characteristics and
processes underlying ubiquitous but low-abundance species. A further tangible outcome of this
framework is that it gives weed scientists and urban evolutionary ecologists a shared vocabulary
and data structure to ask the same questions of the same species. By defining weeds as plants
found in human-modified environments, and by proposing an inclusive entry point to a
structured, testable dataset, we aim to offer a more rigorous way to ask why some species

succeed virtually everywhere humans are.
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S1 Table. Sources and licenses for photographs in Fig 1. All photographs were cropped to

fit the figure panels; no other changes were made. Locations are approximate, as reported on

iNaturalist.
Photographer Location, date
Panel Species (iNaturalist user) observed Source License
https://www.inatural
Convolvulus Long Island, NY, ist.org/photos/6896
Top 1 arvensis er-birds USA; 27 Jun 2026 |19334 CCBY 4.0
East Gwillimbury, | https://www.inatural
ON, Canada; 17 ist.org/observations
Top 2 Conyza canadensis | Erin (mylegsareitchy) Oct 2026 /409593768 CCBY-NC 4.0
Primorsky Krai, https://www.inatural
Amaranthus Russia; 17 Oct ist.org/observations
Top 3 retroflexus ivansemenkov 2026 /408906636 CCBY 4.0
Enschede, https://www.inatural
Chenopodium Bas van Hulst-Kuiper Netherlands; 5 Sep |ist.org/observations
Top 4 album (basvanhulst-kuiper) 2026 /405803211 CCBY-NC 4.0
Pechengsky
District, Murmansk |https://www.inatural
Taraxacum Elena Valova Oblast, Russia; 31 |ist.org/observations
Top 5 officinale (elenavalova) May 2026 /410085074 CCBY-NC 4.0
https://www.inatural
Ipomoea Tokyo, Japan; 13  |ist.org/observations
Bottom 1 hederacea mami_t_t Oct 2026 /408032284 CCBY 4.0
https://www.inatural
Ambrosia Andrey Novgorodsky Kharkiv, Ukraine; ist.org/observations
Bottom 2 artemisiifolia (andrey_novgorodsky) |13 Sep 2026 /408476587 CCBY-NC 4.0
https://www.inatural
Amaranthus Hopkins, MN, USA; |ist.org/observations
Bottom 3 tuberculatus Bob (rnheld) 31 Aug 2025 /310508863 CCBY 4.0
https://www.inatural
Philadelphia, PA, ist.org/observations
Bottom 4 Cyperus esculentus | ailingstorm USA; 30 Sep 2026 /405079821 CCBY-NC 4.0
Reutov, Moscow https://www.inatural
Natalia Gamova Oblast, Russia; 17 |ist.org/observations
Bottom 5 Cirsium arvense (natalia_gamova) Oct 2026 /409117082 CCBY-NC 4.0
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