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As global urbanization accelerates, cities have become increasingly complex and
hybridized, and host to novel urban landscape forms such as informal greenspaces or
novel ecosystems that support ruderal and spontaneous vegetation. Researchers have
documented the ecosystem services or benefits these systems provide, as well as the
tradeoffs or disservices associated with biotic globalization. Despite evidence of their co-
benefits, fragmented knowledge and biased views of these novel ecological forms
contributes to an underestimation of their social-ecological role and potential for
serving as a model for resilient and nature-based urban design and planning. The
social-ecological systems discourse has improved understanding of these emerging
conditions, yet may benefit from an attunement to a multispecies perspective, an
ecosystem-based approach to urban planning and governance that recognizes the
interdependencies of humans and other organisms. This article explores the potential
social-ecological role of ruderal landscapes in facilitating this transition, referred to as
ruderal resilience, as well as recent research in SES and resilience theory that may help
advance concepts such as multispecies urbanism and planning. The aim is to consider the
potential for spontaneous ecological self-organization to serve as a device for
reinvigorating relationships with urban ecological commons and advancing social-
ecological systems theory.
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INTRODUCTION

Urbanization has accelerated rapidly across the globe, driving elevated levels of climate risk and
altered ecological processes, declining health and well-being, and contributes to the rise of new urban
landscape forms (McKinney, 2006, 2008; Seto 2012; Gómez-Baggethun et al., 2013; Elmqvist et al.,
2021; IPCC 2021). As a result, cities are complex urban ecological systems and increasingly
comprised of novel ecosystems and ruderal ecologies, which are self-assembling biotic
communities that emerge in sites of disturbance with little or no human management (Tredici
2010; Morse et al., 2014; Rupprecht et al., 2014; Ahern 2016; Higgs 2017; Newman et al., 2018;
Threlfall and Kendall 2018). Over the past decade, researchers find these systems offer critical
ecosystem services, or benefits provided to humans and other organisms, while simultaneously
presenting new challenges and disservices that highlight the consequence of biotic globalization
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(Davis 2003; Robinson and Lundholm 2012). The study of social-
ecological systems (SES) has offered new ways to understand
these emerging conditions, aiding researchers in identifying how
novel and ruderal systems are intertwined and interact with SES
within a city (Reyers et al., 2018). Yet, despite mounting evidence
of their social-ecological role, they continue to be underutilized or
managed through design practices that commonly privilege a
human-centric vision of urban design and planning (Valéry 2013;
Douglass 2015; Rupprecht et al., 2015; Ziter et al., 2017; Keeler
et al., 2019; Yang et al., 2019). At the same time many resilience
theorists and mainstream ecologists ignore the role of humans,
cultural systems, or Indigenous knowledge within SES when
analyzing urban environments (Berkes et al., 2003; Wilkinson
2012). Scholars point to how this can result in an incomplete
understanding of complex SES that is not inclusive of diverse
stakeholder experience and needs, and may not adequately
address issues of urban resilience or environmental justice
long-term (Millard 2004; Hobbs et al., 2011; Paperson 2014;
Rupprecht et al., 2020; Chu and Cannon 2021).

In response, researchers advocate for a fundamental
rethinking of sustainability to achieve what Houston et al.
(2018) describe as “multispecies flourishing,” or the
envisioning of social-ecological futures that recognize the
wellbeing of humans and other species are interdependent
(Miller et al., 2020). Rupprecht et al. (2020) further propose
the concept of “multispecies sustainability,” highlighting the
insufficiency of current sustainability frameworks which they
argue ignore “interspecies relations” and may prevent society
from seriously addressing the global climate crisis, a decline in
biodiversity, and the urgent need to decarbonize economies
worldwide. In cities, because of their recent proliferation,
novel and ruderal ecologies present both a challenge and
opportunity to envision “more-than-human” relationships,
policies, and practices, and to reconsider reductionist
approaches to urban planning and land management. As some
of the most visible landscapes in cities, ranging from vacant lots to
disturbed waterways, scholars emphasize the value of examining
ruderal systems because they present a unique meeting point for
considering the impacts of urbanization and socio-ecological
injustices, while also showcasing ecological functions, traits,
and adaptive capacities that may be useful in conceiving of
effective and equitable approaches to urban climate adaptation
(Thompson and McCarthy 2008; Riley et al., 2018a; Evers et al.,
2018; Kwok 2018). While this alone may not be sufficient to
address the critical degradation of the earth system, a ruderal
perspective may present one strategy among many to advance
understandings of cities as complex social-ecological systems.

The aim of this article is to explore the social-ecological role of
ruderal ecologies within cities, and to consider how they may aid
in advancing multispecies approaches to urban planning and
governance. To accomplish this, the article synthesizes emerging
literature on SES theory, multispecies urbanism, novel ecosystems
and urban systems theory to explore potentials for reframing
conventional resiliency thinking to account for the increasingly
complex and novel nature of urban environments, which is
referred to as “ruderal resilience.” Throughout, emerging
scholarship on multispecies studies, as well as Bettina

Stoetzer’s (2018) method for applying a ruderal perspective is
utilized to consider the evolution of modern infrastructure
systems and ontologies as well as their degradation. In her
analysis of informal greenspaces in Berlin, Stoetzer explains a
ruderal lens may allow researchers to “combine an analysis of
ruins and their emerging ecologies with questions of urban social
justice . . . ” (pg. 299). The first section explores recent histories
and new formulations of SES theory and discourse. The next
sections consider the historical context and emerging conditions
of cities, and the final concluding sections further explore the
notion of ruderal resilience and examine the potential of
multispecies urbanism and planning to inform future
conceptions of SES theory and practice. Although examples of
ruderal systems can be diverse, we focus particularly on urban
plant communities and associated landscapes, in part because
plants are the most abundant lifeform on the planet and urban
vegetation can be influential in shaping city dwellers’ perceptions
of nature, improving well-being and social cohesion, and people’s
connection with the natural world more generally (Jorgensen and
Gobster 2010; Weber et al., 2014; Vega and Schläpfer-Miller
2021). Finally, although we consider urban environments within
a global context, the author acknowledges a particular emphasis
on the experience of US cities and urban planning and design
policies.

MATERIALS AND METHODS

Utilizing a narrative review approach, the article integrates extant
literature on social-ecological systems theory, ruderal and novel
ecosystems, and urban systems theory, primarily from 2000
onwards. To initiate the review, several researchers active in
the field of urban ecology and resilience research were
identified, particularly with experience in social-ecological
systems analysis. The list of researchers contacted was
informed by previous unsystematic literature searches and
exchanges with colleagues working in these fields. Next, key
search terms were identified to address gaps in literature
provided and to search for additional theoretical frameworks,
empirical research studies, and writings. A literature search was
conducted on the main full-text academic databases including
Scopus, Google Scholar and RefSeek. The primary aim was to
synthesize emerging research in addition to exemplary studies
identified by researchers in the field that examine the evolution of
cities as complex systems and how Modern ontologies of
planning and resource management may drive nature-culture
divides. In Section Exploring the Social-Ecological Systems
Discourse, Colding and Barthel’s (2019) synthesis review, the
work of Folke (2016), as well as relevant scholarship in SES were
utilized to examine how SES theory has informed analysis of
urban systems in Europe and the US. We further searched for
studies and theoretical analysis for how SES theory has been
leveraged to advance conceptions of urban resilience, planning
and resilience thinking in the US, and other parts of the world.
Sections Cities as Human Domains and Cities as Patchy, Ruderal
and Hybrid Social-Ecological Systems situate both historic and
contemporary perspectives on the trajectory of urban planning,
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conservation and resource management in the Global North, and
new understandings of novel and ruderal ecosystems in urban
areas. In the case of ruderal ecosystems, the terms “urban
spontaneous vegetation,” “informal greenspace,” “ruderal
ecology,” and “novel ecosystem” were searched for in either
the title, abstract, or keywords of peer-reviewed articles. In
particular the work of Mark A. Davis (2006, 2011, 2015),
David del Tredici (2010), Anna Tsing (2013, 2019) and
Matthew Gandy (2013) provide a conceptual framing to
understand the evolution of fields such as invasion ecology
and how this informs current planning and management
approaches. Further, systematic reviews such as Evers et al.
(2018), and studies on urban adaptation (Donihue and
Lambert 2015; McDonnell and Hahs 2015) provide a useful
synthesis to understand the benefits, functions, and disservices
of novel ecosystems, and was influential in developing the
concept of “ruderal resilience.” Section Cities as Places for
Multispecies Flourishing, summarizes key perspectives in the
development of multispecies thinking and biocultural
stewardship and their application to the fields of urban
planning and design. The terms “multispecies,” “multispecies
urbanism” and “multispecies planning,” “biocultural
stewardship,” and “biocultural” were searched for in the title,
abstract, or keywords. The work of Houston et al. (2018) and
Rupprecht et al. (2020), as well as non-western and Indigenous
perspectives (e.g., Salmón 2000; Kimmerer 2011) were utilized to
consider how multispecies thinking may inform urban planning,
stewardship and governance. Finally, in Section Moving Toward
Ruderal Resilience we further articulate the notion of “ruderal
resilience,” connecting previously discussed literature and
relevant case studies. Table 1 summarizes the key texts used
to discuss similarities and differences between a conventional and
ruderal approach to resilience thinking. Throughout, the review
draws from Stoetzer’s (2018) application of a “ruderal lens” to
highlight both the potential and challenge of examining the edges,

margins, and intersection of multiple SES within cities, and as a
device to interrogate divisions between ecocentric and human-
centered thinking.

EXPLORING THE SOCIAL-ECOLOGICAL
SYSTEMS DISCOURSE

Social-ecological systems (SES) theory is a framework to examine
the interconnections between people and nature, highlighting the
biophysical and social factors that interact and drive
environmental and social change (Wilkinson 2012; Anderies
2014). Since its first use in the early 1970s, the study of SES is
framed as an interdisciplinary endeavor that aims to apply
systems theory to answer critical questions about the
interactions between social and ecological systems (Ban et al.,
2013; Fabinyi 2014; Colding and Barthel 2019). The kinds of SES
studied vary in terms of their spatial, temporal, and
organizational scales, but are considered to be adaptive,
resilient and complex systems through which multiple
feedbacks and flows of natural resources are regulated (Frank,
Delano, Caniglia 2017; Reyers et al., 2018). SES theory helps
practitioners and researchers structure the analysis of complex
processes within SES, encouraging a consideration of both
biophysical and human-induced relations and states. Although
SES theory can apply to many aspects of the one planetary system
we cohabitate, this review is focused primarily on SES within
urban areas with a particular focus on cities in the US, and how
approaches to planning, governance and urban development are
co-produced and shaped by SES.

C.S. Holling’s (1973) work in systems ecology is noted as a
crucial turning point in SES theory because it proposed a different
way of thinking about ecosystem dynamics and change. For
example, Holling’s analysis finds ecosystems do not reach an
optimal state of “balance” but rather undergo a dynamic process

TABLE 1 | A comparison of conventional resilience thinking and ruderal resilience.

Resilience concept Conventional view Ruderal view

Disturbance Resilience as a measure of a system’s capacity to absorb disturbance
in advance of regime change. Aim is to retain essentially the same
function, structure, and feedbacks. Folke (2016)

The capacity of a system to absorb, embrace and leverage disturbance to
form new, metastable conditions in response to new mixes of species or
environmental conditions. Disturbance is viewed as an affordance. Higgs
(2017)

Adaptation A process of intentional or deliberate change, often in reaction to stress
or external stimuli. Adaptability is “the capacity of actors in a system to
influence resilience” Walker et al. (2004)

Rapid, responsive, or flexible adaptive capacity to disturbance and
human activity. Ability to hybridize, seek interdependencies between
human/nonhumans, and evolve in a relatively short time period and
across multiple scales. Donihue and Lambert (2015), Elmqvist et al.
(2019)

Transformation The ability to cross thresholds and move social-ecological systems into
new configurations and unknown development trajectories. Feola
(2015)

The ability to cross an ecological threshold and to form self-sustaining
and self-organized social-ecological systems. SES can provide benefits
to both humans and nonhumans, and are designed to be regenerative or
restorative. Developmental pathway does not seek historical continuity.
Morse et al. (2014), Evers et al. (2018)

Co-Management/
Stewardship

Stewardship in the service of human interests, or benefits to nature that
are valued by people, often with a specific aesthetic and use-value
approach. Maintaining systems for human consumption or use.
Elmqvist et al. (2013)

Biocultural stewardship approaches that support care and co-
management of ecosystemswhether historical, hybrid, or novel. Inclusion
of indigenous practices, cultural landscapes, and historic issues of
inequity and oppression. Consideration of self-assembling systems that
require little to no management. Threlfall and Kendal (2018), McMillen
et al. (2020), Higgs (2012)
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of change and adaptation to ongoing disturbances within an
environment (Ratzlaff 1970). This was integral to the
development of resilience theory, because it began to articulate
the capacity of ecosystems to respond to and absorb change, and
also how this occurs at varying scales or “stability domains.” This
was considered foundational at the time because it challenged the
popular discourse of “ecological balance” within the field of
ecology, an assumption that ecological systems are linear or
static, and able to be restored to some timeless “normal” state
(Phillips 2003). The early conceptualization of resilience thus
provides a framework to understand systems as complex and
adaptive, where resilience refers to the capacity of a system to
handle ongoing disturbance and shocks (to be adaptive), while
retaining the function, form, and feedbacks that define the
system’s identity (to be resilient) (Folke 2016). The notion of
adaptation or adaptability is a key component, which is the
capacity of a system to anticipate and respond to change, and
thus to influence resilience. While resilience thinking emphasizes
that systems will continually change and adapt, they also must at
times transform through the alteration of SES structures or
feedbacks (Görg et al., 2017).

More recently, researchers have stressed the need to
understand resilience in the context of ongoing urbanization.
Elmqvist et al. (2019) for instance highlight the concept of
“urban resilience,” which argues for a consideration of
complexity in understanding the resilience of multiple system
interactions and feedbacks at different scales within an urban
area. Rather than assume multiple stable states, they advocate
for an understanding of transformation that position urban
systems as “having multiple possible developmental pathways or
trajectories” (p. 270). Resilience is then the capacity of a system
to strengthen a specific pathway, and to cope and adapt to
disturbances and uncertainty while maintaining functions along
this path. The pathway can be widened (e.g., strengthened)
through directed transformations, or narrowed and focused
through an abrupt transformation when immediate action is
needed.

Resilience thinking is central to SES theory, which recognizes
the inherent interdependence of human and natural systems
accounting for the social, political and economic dimensions
when examining urban and environmental systems (Wilkinson
2012). Researchers use the term social-ecological resilience to
assess and measure the capacity of SES to be resilient and
adaptive. Berkes et al. (1998) used this refined understanding
to develop the concept of adaptive management which provides a
framework to assist practitioners, resource managers and others
in managing the feedback of complex systems to promote
adaptive sustainable development goals and governance
(Olsson et al., 2004). The framework advocates for democratic
forms of decision making and to assess the best means to measure
and promote social-ecological resilience (Berkes 2009).

The SES discourse has since influenced research in both the
natural and social sciences to understand cities and urban
dynamics. One area is concerned with the biophysical patterns
of natural systems within urban environments, how they are
influenced by people, and environmental interactions across
geographies and scales (e.g., urban climate and soils,

vegetation and biodiversity, among other factors) (Anderson
and Elmqvist, 2012; Grimm et al., 2000; Wu 2014; Nassauer
et al., 2014). Other researchers are studying the spatiotemporal
patterns of cities, how land uses and urban forms change over
time, how this influences the “urban metabolism” of cities, as well
as the long-term impacts of resource consumption,
infrastructure, management policy, or social dynamics within
cities (Pacione 2009; Kennedy 2011; Da Cunha et al., 2012). Social
scientists also examine the impacts of segregation and
fragmentation of human communities based on demographic
features, as well as opportunities to improve social wellbeing,
mobility, and overall planning and sustainability (Lin and
Robinson 2012). Urban ecologists and others also apply and
frame SES theory to quantify and assess the urban ecosystems
services within urban areas, which are the benefits ecosystems
provide such as fresh water, food, carbon sequestration or climate
regulation (Wu 2014; Kremer et al., 2016; Locke and
McPhearson, 2018).

Over the past several decades the social-ecological systems
(SES) discourse has evolved. For instance, advances in commons
theory and political ecology have since advocated for new
distributed governance concepts that account for inter and
intra-scale decision making, as well as unpredictability and
change (Bäckstrand, 2006; Armitage, 2007; Huitema et al.,
2009). The SES framework has also been applied to examine
systemic response to challenges like climate change and to
understand urban systems, stressing the importance of
integrating social-bio-geophysical frameworks in examining
cities in terms of their spatial, temporal and organizational
scales and cross-interactions (Cole, Oliver, and Robinson 2013;
Frank et al., 2017). More recently, researchers highlight the
importance of technological systems, advocating for a “SETS-
integrated” approach that views the design, maintenance and
evolution of infrastructure systems as inseparable from human
well-being (McPhearson et al., 2016; Grabowski et al., 2017;
Chester 2019). Building on the work of Monstadt (2009), and
Pandit et al.’s (2017) notion of infrastructure ecosystems, this
perspective stresses the need to consider how the impacts to
infrastructure systems directly impact human systems (loss of life
or property, economic impacts) and how a SETS-integrated
approach can increase co-benefits, reduce costs, and improve
operation. Practitioners and researchers have also applied SES
theory to conceptualize social-ecological urbanism (SEU), an
approach to guide urban planning and design that accounts
for the interconnections and conflicts between ecological and
social-cultural systems, leveraging design to plan for ongoing
change and adaptation and thus building resilience (Bartel et al.,
2013). Barthel et al.’s (2013) work with researchers at the
Stockholm Resilience Center provides some of the first guiding
principles for SEU. In looking at the case of the Albano Resilient
Campus at Stockholm University they explain that change and
diversity can be a strategy for adaptive management, highlighting
the importance of self-organization and place-based learning, as
well as synergies between social, ecological, economic and
cultural urban system services (Nadasdy 2007).

SES theory has also been used to articulate new
conceptions of urban ecological resilience and nature-
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based solutions, or ecosystem-based interventions that aim to
address economic, social and ecological challenges (Pickett
et al., 2020; Randrup et al., 2020). Nature-based solutions
encompass a wide range of strategies but often involve the
coupling of social and biophysical factors, stressing the
interdependence of people and urban nature (Frantzeskaki
et al., 2019). The NBS concept draws from the development of
ecosystem-based approaches to natural resource
management, such as ecosystem-based adaptation (EbA),
which seek the long-term sustainability of ecosystem functions
and services and draw from traditional practices such as holism or
holistic planning (Convention on Biological Diversity 2000;
Luchkova 2011; Droz 2020). Yet, in spite of their
popularization, some researchers note that SES discourse often
fails to integrate ecological perspectives, with many studies
ignoring recent advances in ecology or the natural sciences, and
lack of a biophysical analysis (Epstein et al., 2013). For example,
Childers et al. (2019) propose the concept of urban ecological
infrastructure (UEI), an inclusive framing of both infrastructure
and ecological systems to expand conceptions of forms in the built
environment such as “hybrid infrastructure” or “accidental UEI” to
bridge silos between urban scientists and practitioners. Still, other
researchers advocate for a “traits-based framework” that considers
the emerging functions and characteristics of urban ecological
systems in addition to ES (Andersson, et al., 2021). The
following sections explore some of the historical context for
why this integrative gap persists today.

CITIES AS HUMAN DOMAINS

Although our evolution from hunter-gatherer societies to
complex megalopolises has taken many directions, cities are
still largely viewed as a human terrain of social-cultural
relations that prioritize human infrastructures over ones that
would benefit multiple species (Davies and Riach 2019). Some
scholars describe this as a kind of human or urban exceptionalism
that is particularly prevalent in Western cultures, and points to a
need to understand how this has informed SES theory and urban
planning discourse (Laukyte 2016). In the early modern era
Western cities were largely designed in the midst of colonial
conquest and imperialism, featuring utopic spaces to showcase
the fruits of the Enlightenment and Renaissance (Bahrainy and
Bakhtiar 2016). In contrast, in Asia and other parts of the Global
South, urban planning was often influenced by other political
ideologies, spiritual traditions or cosmologies such as
Confucianism, Taoism, Buddhism, which stress the
importance of harmony and interconnectedness with nature,
commonly structuring cities around the design of traditional
gardens, temples, and other sacred sites (Douglass 2015; Tceluiko
2019).

In the Global North, industrialization in the 19th century, as
well as public health crises drove a movement to preserve open
breathing space for public health, sometimes referred to as the
garden city concept which popularized the creation of public
parks and large boulevards (Fishman 1982; Schuyler 1988).
However, by the 20th century, the automobile began to

reshape city life, with global conflicts bringing austerity to
some and postwar prosperity to others (Caro 1974; Safdie,
Kohn, McKnight 1997). The emergence of modernist urban
design and planning around the same time began to champion
a mechanistic view of cities, positioning urban regions as efficient
machines and spatial units to be zoned according to use or
function (Peponis 1989). This would later inform concepts
such as Metabolism, a modernist architecture movement
which advocated for the development of megastructures
inspired by organic growth, or living cells (Kennedy et al.,
2011). In the latter half of the 20th century, post-war
reconstructionist movements like New Brutalism organized
cities into two parts: essential and nonessential, further
emphasizing a division between private and public spaces
(Herron, 1966; Banz 1970; Schalk 2014; Angelidou 2015).
Conversely, concepts such as New Urbanism sought a neo-
traditional approach that focused on simulating a village-like
community and mixed-use streets, while more recently, the just
city concept, smart growth, and sustainable urban design seek to
confront social, ecological and political challenges (Krieger 1974;
Alexander et al., 1987; Platt 1994; Moughtin 1996; Marshall
2008). SES discourse has advanced our understanding of these
historical contexts in many ways, but has yet to fully recognize the
critical role of nonhumans or traditional ecological knowledge in
the historical trajectory and contemporary formation of cities
today (Glaser et al., 2008; Childers et al., 2015; Jon 2020; Betz and
Coley 2021).

The development of environmental planning is a similar case.
Since the start of the modern era, many US cities have launched
urban greening efforts that range from large-scale conservation
programs to the installation of green infrastructure, or policies to
improve public health (Daniels 2009). Many of these approaches
are influenced by fields such as conservation ecology which
Sarkar (2005) points out, is “fundamentally an expression of
human values” (pg. 80). For example, in the US the progressive
era of environmental planning was largely focused on the
development of urban parks and playgrounds, and the
preservation of nature for people to admire from afar
(Schulyer 1988). From the 1920’s–1960’s many cities began to
consider a regional perspective championed by landscape
architect Ian McHarg (1969), which applies the emerging
discourse of ecology and natural science to federal and
regional policies and protections of wilderness areas
(Randolph 2003). Yet by the 1960’s, the consequence of
unregulated consumption refocused efforts in the U.S. on
large-scale pollution clean-up programs, much of which was
dismantled in the 1980’s as deregulation paved the way for
industry-led policies promoting “sustainable economic growth”
for human benefit, which remains a dominant approach today
(Beder 1998; Shabecoff 2003). Although well-intended, these
practices focus primarily on protecting and preserving natural
resources, not necessarily because of their intrinsic value as Soulé
(1985) would suggest, but rather to ensure humans can consume
or experience these resources in the future. Here, urban nature is
framed as a commodity and environmental planning emerges as a
neoliberal endeavor, reduced to a set of best practices premised on
technical rationality (Brand 2007).

Frontiers in Built Environment | www.frontiersin.org March 2022 | Volume 8 | Article 7693575

Kennedy Ruderal Resilience

https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles


Yet despite this, several efforts, particularly within the field of
landscape ecology, or the study of the interactions and spatial
distribution of ecosystems, began to call for more holistic
planning in which the urban landscape is considered as
interconnected with a city (Forman and Godron 1981; Naveh
2000). In the 1980’s, new theories of landscape urbanism were
introduced emphasizing the idea that cities are most effectively
designed and planned through the lens of landscapes (Waldheim
2006). This entails first understanding the social and ecological
systems that comprise an urban environment, and planning cities
around the idea that people and nature can and should coexist. In
more recent years, landscape architects and planners have
advocated for the idea of “landscape ecological urbanism”
which draws from Mohsen Mostafavi’s (2010) notion of
ecological urbanism, to envision urban planning and design
practices that can adapt and transcend social-ecological
challenges with the goal of increasing ecosystem services and
allowing for multiple functions and structures to exist
simultaneously. Since its popularization in the 1990’s, several
examples have emerged ranging from the design of Freshkills
Park and the High Line project in New York City, to the sponge
city concept in Asia (Steiner 2011).

Restoration ecology, or the practice of mitigating the damage
to natural habitats, present another salient example (Gobster
2010). While well-intentioned, efforts to restore “native”
biodiversity are often rooted in a human-centered approach to
land management influenced by the field of invasion biology,
which focuses on the study of the adverse effects of “invasive alien
species” on “native” plants, animals, and other organisms (Davis
2006; Chew andHamilton 2010; Barrett 2011; Larson 2011; Orion
2015). Mark A. Davis (2006), a historian of invasion biology,
notes the work of Charles Elton (1958) and 1964 International
Union of Biological Sciences symposium as important milestones
in the field which continues to have a large influence on regional
and international conservation programs, and legal frameworks
used to authorize spending on invasive management. By the
1990’s scholarship in the field had grown exponentially with
many studies focused on the impacts of biodiversity on island
nations or agriculture, often used to support restoration agendas
that do not necessarily reflect recent theories of resilience and
adaptation (Davis et al., 2011). Further, the majority of invasive
control measures are for the benefit of human communities (e.g.,
industrial agriculture), enabling carbon-intensive practices and
herbicide application that may not be effective long-term, and is
also damaging to ecological communities (Lidström and West
2017; Davis 2009; Orion 2015; D’Antonio and Meyerson 2002;
Longcore et al., 1997). While the management of certain species is
important, the majority of global analyses have not been able to
empirically conclude that alien species invasions have resulted in
a significant extinction threat (McKinney 2002; Aronson et al.,
2014; Davis 2015; Pearce 2016). Rather it is more likely that
climate or human activities impact species diversity and
abundance, and has more significant implications for
economic, social, or ecological systems (Didham et al., 2005;
Thomas 2013; Pearce 2016; Essl et al., 2020).

Lidström et al. (2016) in particular highlights how the
discourse of invasion can influence our perception of urban

environments, noting the pervasive use of violent and war-like
rhetoric to connote alien species as abnormal and support an
assumption that the decline of one species would result in
ecosystem collapse. The attempt to recreate historical
continuity, or bringing ecosystems back to some desired state
is nearly impossible given natural systems are dynamic and
adaptive, in addition to the ongoing impact of human
activities (Gould 1998; Davis 2012). In many areas of the
world humans have been in relation to landscapes for
centuries, or what theorists term “cultural landscapes” to
describe landscapes altered by humans, recognizing the
emergence of agricultural and maintenance practices that can
often improve the ecological functions, regulating services, and
cultural worth of the system (Plieninger et al., 2014; Tieskens
et al., 2017; Maier et al., 2021). Yet despite examples of human
coexistence, the dominant narrative of invasion continues to
reinscribe a “good” versus “bad” binary that can obscure the
real issue of human impact on the earth and ignores the
complexity and evolution of urban environments (Valéry,
Fritz, and Lefeuvre 2013). This can have a large influence on
our attitudes and beliefs surrounding urban ecosystems,
positioning wild untouched pastoral landscapes as the ultimate
ideal and may distance urban dwellers from the lifeworlds of
species they regularly encounter (Anderson 2009; Mastnak et al.,
2014; Lidström et al., 2016). In response, restoration ecologists
like Eric Higgs (2012) suggest a need to recognize the important
and emerging role of hybrid and novel ecosystems, rather than
attempt to control and restore them long-term. He advocates for
management strategies such as regeneration ecology and wild
design that offer a more nuanced view of ecosystem adaptation,
alongside traditional management methods.

CITIES AS PATCHY, RUDERAL AND
HYBRID SOCIAL-ECOLOGICAL SYSTEMS

As cities evolve and expand globally, new paradigms of
urbanization are emerging, which understand urban areas as
complex social-ecological systems that are multi-scale and
“patchy” (McHale et al., 2015). As Steward Pickett and others
(2020) point out, cities are no longer a grouping of homogenous
land classes but rather hybridized systems where human-nature
interactions drive and define spatial organization, change, and
disturbance (Hou 2006). Hybridity here is not concerned with
how technology is intertwined with city life (e.g., smart cities), but
rather how social and biophysical elements within cities and
urban landscapes are co-produced. Marshall et al.’s (2020) update
on the concept of patch dynamics and urban mosaics is useful
here, offering a new understanding of the biophysical structure of
urban environments as hybrid heterogeneous collections of
buildings, vegetation, paved surfaces, and soil that they term
“patches.” Zhou et al. (2021) and others conceptualize this as a
“meta-city,” or the notion that cities are intimately connected
complex systems that are adapting to ongoing conditions
(McGrath and Pickett 2011).

The SES discourse is helpful in understanding this in so far as
it makes visible particular connections and recommendations for

Frontiers in Built Environment | www.frontiersin.org March 2022 | Volume 8 | Article 7693576

Kennedy Ruderal Resilience

https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles


how to organize forms of governance or planning. Yet a number
of researchers point out this application is limited considering
new expressions and evolutions of cities (Görg et al., 2017).
Ingalls (2017) for instance underscores the need to better
articulate the spatial dimensions of SES, while Haase et al.
(2014) notes that not all cities will expand in the future and
may in fact actually shrink, requiring newmodels and analysis. In
tandem, the impacts of industrialization and disinvestment in
social programs increasingly make visible new urban forms like
abandoned lots and railways, polluted brownfields, and highway
infrastructure (Chapin and Starfield 1997; Morse et al., 2014).
Gilles Clément (2016) describes these as a “third landscape,” or
what Matthew Gandy (2013) calls “ecological refugia,” detailing
emergent conceptualizations of urban wastelands, voids, non-
spaces, or marginal ecologies which now define landscapes in
cities worldwide, yet continue to be understudied within SES
discourse (Anderson 2009; Bonthoux et al., 2019). Advancing SES
theory to understand how these new urban forms operate and
contribute to the social-ecological resilience of cities is critical.
This first requires a consideration of the biophysical, ecological,
and biocultural dimensions of urban spontaneous vegetation, and
ruderal ecologies.

Ruderal ecologies are closely related to the concept of novel
ecosystems but are more commonly found in urban areas where
the impacts of human disturbance are felt more widely such as
waste grounds, post-industrial land, or after an extreme event
(Anderson 2009; Mabey and Sinclair 2010; Lachmund 2013;
Gandy 2016). Ruderal vegetation is often the first sign of
secondary ecological succession, and the plants and organisms
found within these systems exhibit a disturbance-tolerating life
strategy, enabling rapid recovery (Tredici 2010). The term
ruderal, which comes from the Latin word, rudus, or rubble,
was first popularized by ecologists who were studying the arrival
of new plant communities in the ruins of a post-WWII Berlin. In
studying the bombed-out craters left behind by several years of
conflict, scientists like Herbert Sukopp discovered plants from
halfway around the world that hitched a ride on planes, boats, and
the boots of soldiers, inspiring some of the first studies within the
field of urban ecology (Sukopp and Werner 1983; Lachmund
2003).

Over the past decade, ecologists have increasingly documented
the ecosystem services novel and ruderal ecologies provide
(Millard 2004; McPhearson et al., 2013). These include
regulating the urban heat island, stormwater absorption,
erosion control and river bank stabilization, creating a habitat
for wildlife, carbon sequestration, cultural and recreational uses,
among others (Tredici 2010; Evers et al., 2018). Some research
even points to ruderal vegetation improving habitat provisioning
for invertebrates and bird species, an increase in plant diversity
and richness in areas like lawns and managed urban greenspaces,
and has been linked to increased pollinator activity and higher
levels of microclimate regulation (Robinson and Lundholm 2012;
Turo and Gardiner 2019). Researchers also highlight the social-
ecological role that informal greenspaces, vacant lots and ruderal
areas provide for food provisioning and vegetable production,
cultural and social uses, novel forms of stewardship, and how they
function as key sites for foraging and social connection (Carne

1994; McClintock et al., 2013; McLain et al., 2014). Anderson and
Minor (2017; 2020) similarly find that ruderal sites like vacant lots
can offer economic benefits to city dwellers through the provision
of ecosystem services like stormwater retention or bioremediation
of sites that have been contaminated with lead, resulting in public
health savings. Ruderal areas can also provide a needed refuge for
urban communities providing psychological and health benefits,
opportunities for education and research, unstructured play for
youth, and can promote an improved relationship with urban
nature (Threlfall and Kendal 2018).

Ruderal ecologies are also expressions of spontaneous
ecological self-organization in cities, as well as novel forms of
adaptation and ecological traits related in part to what researchers
describe as “rapid urban evolution,” or the accelerated adaptation
of plants and animals to urban environments (Sanderson 2008;
Donihue and Lambert 2015; Johnson et al., 2015; Kerstes et al.,
2019). The term synurbization is specifically used when
describing the adaptation of animals to urban environments.
While ecologists once thought evolutionary processes would take
centuries, they are now observing certain animals and plants
exhibiting greater phenotypic or behavioral plasticity, or changes
to their genetic traits or behavior within decades (Malik et al.,
2012; McDonnel and Hahs 2015; Winchell et al., 2016). For
example, some ruderal species are adept at facilitating forms of
bioremediation, a process by which organisms consume and
break down environmental pollutants (Porebska and
Ostrowska 1999; Conesa and Faz 2011). Ruderal plant species
are also observed to showcase a range of genetic divergences and
ability to hybridize. Hybrid sunflowers (Helianthus annuus L.) for
instance have evolved to adapt to drought conditions and salty
soils, while white footed mice in NYC have been shown to
demonstrate place-dependent trait changes that favor immune
response, metabolism, and spermatogenesis, in response to
habitat fragmentation and urbanization (Munshi-South and
Kharchenko 2010; Donihue and Lambert 2015). Additionally,
ruderal plants are often stress-tolerant, exhibit rapid growth and
reproductive cycles, high seed yields and can take root in
challenging soils (Beerling 1991; Crawley 2004; Chen et al.,
2014; Williams et al., 2015; Chai et al., 2016; Cordeau et al.,
2017; Ksiazek-Mikenas and Köhler 2018). And they may also
increase the biodiversity of an area including plant diversity,
arthropod and insect diversity, avian activity, and bird species
richness (Adams 1994; Marzluff and Rodewald 2008; Rupprecht
et al., 2014; Riley et al., 2018b; Kalarus et al., 2019; Zhang et al.,
2020).

In large cosmopolitan cities, ruderal ecologies are now a
common feature of the urban environment (Figure 1). Vacant
land, where a large majority of ruderal ecologies are located,
comprises on average 12.5–15% of the total land area for U.S.
cities (with populations over 200,000) (Newman et al., 2016). In
New York City (NYC) urban vacant land accounts for 9.7% of
total land area (or 20,000 acres), yet for the most part is
underutilized, heavily maintained, or inaccessible (Bowman
and Pagano, 2000; Nassauer and Raskin 2014; Kremer et al.,
2016). To better understand the social–ecological value of these
sites, Kremer et al. (2016) conducted a study to assess the spatial
distribution, ecosystem services and social-ecological role of
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urban vacant land. Researchers found many parcels are providing
significant ES to residents with the majority of land (62%)
covered with trees, herbaceous vegetation and grass, often in
neighborhoods with similar rates of urban vegetative density,
which suggest they are connected to and part of an “urban green
matrix” and may be important to protect from development (See
examples in Figure 2).

Although ruderal systems provide many benefits, they can also
present tradeoffs or disservices. Some scientists point out, certain
introduced plants or organisms can impact biodiversity, disrupt food
webs, or influence ecosystem change (Potgieter et al., 2019). The

presence of ruderal or novel ecosystems can also conjure notions of
neglect and present procedural or logistical challenges for property
owners and resource managers (Nassauer 1995; Li and Nassauer
2020). The economic impacts are key concerns as well, although
some argue the costs are grossly inflated ormisinterpreted, and likely
due to inefficient or exploitative economic and trade practices (US
Fish and Wildlife Service 2011; Pearce 2016). To date, researchers
contend an increase in invasive species cannot be explained simply
through competitive advantage but is a function of larger
environmental change and adaptation (Davis 2003; MacDougall
and Turkington 2005; Simberloff et al., 2012; Thomas 2013).

FIGURE 1 | Common ruderal habitats in New York City. (A) Ruderway, urban plant communities located near roadways or transportation corridors (Monocots,
annuals, herbaceous perennials, deciduous shrubs, semi evergreen vines, and deciduous wood vines); (B) Vertical Support Structures, located on fences, gates, walls
and other human-made infrastructures (semi evergreen vines, deciduous wood vines, and climbing shrubs); (C) Urban Fissures, urban plants that thrive in the gaps,
holes, cracks, rifts and openings of impervious surfaces (herbaceous perennials, monocots, prostrate, summer annuals, herbaceous biennial, and Therophytes);
(D) Storm Drain Ruderal Basins, found in and around storm drainage systems (herbaceous perennials, prostrate, and summer annuals); (E) Urban Epiphytes, urban
plants that grow on, out of, or around rooftops and vertical infrastructures (Winter or summer annuals); (F) Living Lots, vacant or underutilized land parcels that support
urban plant communities (Wood dicots, multi stemmed shrubs, summer and winter annual, herbaceous perennial, deciduous tree, and monocots); (G) Postindustrial
Meadow or Forest, disturbed postindustrial landscapes (Deciduous trees, conifer, monocots, annual, herbaceous perennial, winter and summer annuals); (H) Weedy
River and Coastal Embankments, disturbed aquatic and coastal habitats (sea walls, docks, retaining walls, and natural features) (herbaceous perennials, prostrate,
summer annuals, monocots, and deciduous vine); (I) Parking Lot Lagoon, impervious areas such as parking lots that collect precipitation and support ruderal plants
(herbaceous perennials, prostrate, summer annuals, monocots). Photos by Christopher Kennedy.
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CITIES AS PLACES FOR MULTISPECIES
FLOURISHING

In order to conceptualize cities as spaces for “multispecies
flourishing,” a reconsideration of the idea of sustainability and
sustainable development is needed (Connolly 2019). Researchers
like Rupprecht et al. (2020) have recently proposed the concept of
“multispecies sustainability,” a revision of the Brundtland
conception of sustainability which they point out does not
sufficiently recognize interdependencies between humans and
other species, and is thus ill-equipped to address future challenges
long-term (UN Secretary-General 1987). This is grounded in the
idea that well-being emerges from and depends upon a set of
complex relations shaped by the agency and transformative
potential of multispecies stakeholders (Manfredo et al., 2016).
Through a process of translation that recognizes that different
species have diverse traits, capacities, and functions, multispecies
sustainability aims to address the shortcomings of human-
focused and reductionist management systems (Haraway,
2016; Andersson and McPhearson 2018; Samuelsson et al.,
2018). Rupprecht et al. (2020)’s framing is useful here
particularly in how the authors articulate a trajectory for
multispecies thinking that rejects “more-than-human well-
being” as a normative premise or purely moralistic endeavor.
Instead their conceptualization acknowledges that both scientific
evidence and Indigenous knowledge bases support the idea that
human prosperity and survival relies upon our interdependent
relationship with other species. This articulation moves beyond
the singular emphasis on shifting values and beliefs, and offers a
more comprehensive ethical stance for multispecies thinking and
approaches more broadly.

Over the past decade this ontological shift toward multispecies
thinking has inspired several formulations within the humanities,
social sciences, and critical geography such as multispecies
ethnography (Kirksey 2014; Münster and Locke, 2015), more-
than-human geographies (Lorimer 2012), transcorporeal
subjectivity and posthumanism (Alaimo 2016), strategic
anthropomorphism (Bennett 2010), intra-action (Barad 2007),
and transspecies urban theory (Wolch 2002) which may benefit
SES discourse. In large part these theories and ideas argue planning

theory may benefit from an attunement to nonhuman perspective in
order to ensure the idea of the “good city” is not reliant upon
dualities and separations between human and nonhuman, culture
and nature, or the overemphasis on mitigation of risks, which can
ironically constrain the very institutions working to address
emergent challenges (Seed and Macy 2007; Rupprecht et al.,
2020). Scholars like Debra Solomon (2019) have since proposed
the concept of multispecies urbanismwhich seeks to leverage design,
adaptive planning, and governance to reorient the process of
urbanization towards “strategies implemented by non-humans as
a means to survive societies’ crises of democracy, planetary climate
catastrophe, and uneven resource distribution” (pg. 53).Multispecies
urbanism acknowledges urban nature as a critical stakeholder,
advocating for nature-based and ecological approaches to urban
planning, governance, and resource management. It is important to
distinguish this from a planning process or management strategy
that uses ecological indicators of multiple species for instance.
Multispecies planning is rather an integrated approach and
philosophy that prioritizes urban natural worlds and ecologically
driven policy and practice (Glaser et al., 2008; Setiadi, Nadhiroh, and
Rupprecht 2021). The approach affirms cities as fundamentally
ecological formations where city dwellers’ lives are shaped not
only by human infrastructure and capital, but also by the rich
tapestry ofmore-than-human life, soils, water, and vegetation (Barua
2017; Barua and Sinha 2020). It also presents critical questions such
as who has the right to a city and who has access to it, and issues of
personhood status, even for organisms that are unwanted or
nonhuman (Shingne 2020).

A number of these ideas build on a rich history of
traditional practices, and Indigenous ways of knowing that
recognize the animacy and agency of nonhuman actors in the
environment, everything from plants and animals, to stones
or elements of weather (Caston 2013; McMillen et al., 2020).
In many cases, Indigenous communities have no conception
of nature as separated from culture. This is described by
Salmón (2000) as kincentric ecology, highlighting the
reciprocal relationships between people and place, a form
of community based intergenerational guardianship that is
the responsibility of humans because of their privilege as
“knowledge holders.” In other traditions such as Hinduism or

FIGURE 2 | Three ruderal landscapes in New York City. (A) A postindustrial forest on neglected land in Hunters Point South, Queens, New York, 2015; (B) A former
auto repair shop in CrownHeights, Brooklyn, New York, 2017; (C)A ruderal site underneath the VanWyck Expressway in Corona FlushingMeadows Park, Queens, New
York, 2018. Photos by Christopher Kennedy.
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Buddhism, the interconnection between humans and the
natural world is emphasized through the dissolution of the
self, which may be heightened through meditative practice
and “non-dual spiritual experience.” The writings and
teachings of Buddhist monk Dōgen (1200–1253 BC), for
instance, asserts all things have Buddha nature and
describe the value of ongoing change and impermanence,
which inform some Japanese and Chinese practices
(Luchkova 2011; Droz 2020). Similarly, in traditional
Hawaiian cultures the land is considered as a member of
one’s family, indicating an inherent responsibility for
caretaking and stewardship.

More recent ecocentric views such as deep ecology (Naess
1988) advocate for the inherent value of all living beings despite
human utility, while the field of ecofeminism frames the struggle
for multispecies recognition and environmental justice within the
context of a capitalist patriarchal society (Plumwood 1986). Of late,
the notion of “naturecultures” (Haraway 2003) has also been used
to recognize the inseparability of nature and culture, drawing from
theories such as biocultural evolution and biocultural diversity
(BCD) which argue cultural and biological diversity are
interconnected (Elands et al., 2019). Further, biocultural
stewardship models have since been proposed as a means to
learn from the knowledge systems of Indigenous communities
and other traditions to inform more effective approaches to land
and resource management (Vierikko et al., 2016; McMillen et al.,
2020). In contrast to Western scientific approaches, biocultural
stewardship draws from multi-generational knowledge sources
that seek a more relational model for planetary health,
recognizing the value and kinship of all organisms within an
ecosystem (Robinson et al., 2021). Recent research indicates that
biocultural approaches may improve the viability and success of
urban greening and restoration efforts, as well as well-being more
generally (Kimmerer 2011; Uprety et al., 2012; Rozzi 2013; Reyes-
García et al., 2019). In many parts of the world a biocultural
perspective is already embraced, reflecting a history of spiritual and
philosophical traditions that continue to influence planning
theories which differ from a Western and European emphasis
on non-human centered design. InNew Zealand, theMaori culture
embraces the idea that environments have living spirits and deserve
protection and sovereignty, prompting the Parliament to grant
legal standing to the Whanganui River and its tributaries. Ecuador
(2008) and Bolivia (2010) adopted the rights of nature doctrines
within their federal constitution, and in India the river Ganges was
granted the legal status of personhood in 2017.

Ruderal landscapes may play an important role in further
conceiving of biocultural approaches and the idea of a
multispecies city. Ruderal plant and animal communities for
instance often appear along the fringes and edges of urban
areas, where biodiversity may flourish more so than the
interior of the urban core because it is where multiple
ecosystems intersect. McCay (2000) explains these ecological
edges can have several benefits and bring together human and
more-than-human communities. Practices such as urban
agriculture and gardening is a salient example because it
presents both an ecological and cultural edge where
opportunities for genetic exchange between domesticated and

wild plants can occur alongside the exchange of knowledge bases
and cultural identities (Turner et al., 2003). Indigenous scholar
RobinWall Kimmerer (2015) in particular highlights the essential
role of the ruderal, explaining the spontaneous plants that emerge
in damaged landscapes are a form of “peacemaking” where a
“community of weedy species can be a partner in restoration”
(pg. 334).

Yet, as much as the multispecies city concept is alluring, we
should tread cautiously and consider the associated risks. For
instance, how we ethically leverage the ruderal and put
multispecies planning perspectives into practice or try to speak
on behalf of another organism is a key concern (Kirksey 2014). In
attempting to translate another species’ needs, there is an acute
risk of becoming “ventriloquists” that represent other species
through a human lens, pointing to a need to consider authentic
processes of translation and how best to enter into an ethical
agreement with another species. In many areas of the world, the
chief concerns may be more related to social institutions or
systemic injustices that require prioritization. Designing cities
to meet the needs of multiple species while ignoring the needs of
humans, equally presents a challenge to human health and
wellbeing. Similarly, merely reducing cities to “safe havens” for
other species also ignores the urgent need to imagine practices
and languages for coexistence and mutual aid, and merely coopts
the notion of multispecies thriving or urbanism. This ecocentric
way of thinking may inadvertently dilute a responsibility or
agency to forge reciprocal relations, and may ignore the
different needs of other organisms.

MOVING TOWARD RUDERAL RESILIENCE

As researchers, planners and others recognize cities as complex,
hybrid, and patchy, new articulations of resilience thinking are
needed to both address historic and emerging issues of social
equity and justice, and the impacts of climate and urbanization.
To offer one potential approach, the concept of “ruderal
resilience” is proposed, which may offer a useful device to not
only think differently about emergent urban landscape forms but
to also embrace a multispecies perspective in urban design,
governance, and planning. The concept is not positioned as a
new theory, but rather a potential perspective and way of
thinking.

While there are many similarities and parallels to conventional
resilience thinking or practice, Table 1 summarizes some key
differences. First, in a conventional view resilience is understood
as the capacity of a system to absorb disturbance, to be adaptive,
and to retain the same function or structure (Folke 2016). This
approach is prevalent in many examples of urban planning or
design which often focus on maintaining business-as-usual
strategies like the use of gray infrastructure with the goal of
mitigating damage, rather than adapting to new conditions, or
consideration of the needs and affordances of other species
(Depietri and McPhearson 2017). If we apply a ruderal lens,
the disturbance-tolerating life strategy that enables ruderal plants
to recover rapidly to challenging environmental conditions offers
a new way of thinking about temporality, change, and
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disturbance. In a ruderal approach disturbance is framed as
something to leverage and anticipate, with the goal of
generating novel metastable conditions in response to new
mixes of species or social-ecological conditions (Higgs 2017).
Disturbance in this sense is viewed as an opportunity and
inevitability that urban systems or plant communities can take
advantage of, and rapidly adapt to, rather than mitigate
or avoid.

Ruderal ecological systems are also highly adaptive, and
demonstrate an ability to hybridize and evolve in a relatively
short time period and across multiple scales, geographies, and
SES (Donihue and Lambert 2015). While conventional
applications of resilience thinking may seek similar goals, the
temporality and approach can differ. In many cases the time scale
for implementing an urban resilience strategy is determined by
particular forms of decision making, political arrangements, or
procedural issues that may not allow for flexibility or timely
implementation, and may not include a diversity of voices.
What’s more, the livelihood of human communities is
prioritized, often to the detriment of ecosystem health or
mutual flourishing. Ruderal systems in contrast are often more
flexible and responsive, embracing ecological time scales that
allow for both rapid and short-term adaptations, as well as longer
term processes such as building and remediating soils (e.g.,
phytoremediation). Ruderal systems are also more biodiverse
than some urban areas such as parks or manicured green
spaces, and can support mutualistic synergies between animals,
insects and human communities, rather than just one or
the other.

Third, ruderal ecological systems are inherently
transformative, characterized by their ability to cross an
ecological threshold and to form self-sustaining ecological
systems. In most conventional understandings of resilience,
transformation is rarely linked to notions of self-organization,
and has more to do with interventions into particular forms of
resource management or governance. Transformation in this
sense will often happen at a relatively slow pace, and the
governance mechanisms employed often raise issues of
authentic representation and procedural justice. A ruderal
perspective acknowledges the critical need to support the
agency, self-organization, and self-determination of
communities to ensure inclusive planning and decision-
making. Finally, in relation to stewardship and co-
management, much of resilience thinking is focused on
stewardship in the service of human interests or aspects of
urban nature valued by people, often with a specific aesthetic
and use-value approach. Because ruderal systems are self-
assembling, they in contrast require little or no management,
and can provide multiple benefits to both humans and
nonhumans simultaneously. More than this, many ruderal
systems can be regenerative or increase benefits rather than
merely sustaining functions, particularly when located on
damaged land disturbed by human activities. Considering
these differences, ruderal resilience is the capacity of social-
ecological systems to leverage and rapidly adapt to
disturbances, to self-organize or self-assemble, and to
regenerate previous functions of the system while also

providing new benefits for multiple stakeholders (human and
other species).

Yet, importantly, ruderal resilience entails a critical
examination of the edges and overlooked areas of cultural,
ecological, social, and political domains as sites of
contestation, reparation and justice. Resilience in this sense is
not just a measure of a system’s capacity to absorb disturbance
and sustain functions to meet human needs, but rather the
capacity of social-ecological systems to interrogate historic and
ongoing disturbances (social, ecological, technological, and
political challenges) and ability to transform (or regenerate) in
ways that seek mutualistic synergies and interdependencies of
human and more-than-human life. Stoetzer (2018) explains how
this ruderal perspective can potentially interrupt nature-culture
divides, allowing for new understandings of how global and
hyper-local conditions influence changes in urban forms, the
migration of peoples and other species, and how injustices and
oppressions influence biophysical and ecological processes.

For example, the notion of hybridity, increasingly exhibited by
ruderal plants, may indicate a need to think differently about
diverse collaborations and multi-stakeholder representation as
well as transdisciplinary decision-making. Similarly, a
consideration of dynamic temporality may aid in our
understanding of the mismatches between human and
ecological time scales, and the ability for governance and
policy to be flexible and nimble. The function of
bioremediation, which similarly is observed in some ruderal
plant communities, offers an opportunity to reconsider
notions of regeneration, repair, and reconciliation that must
occur both socially, spatially, and ecologically to ensure
equitable urban greening strategies. And the concept of
communicative mutualisms, or the symbiotic relationships and
communication between multiple organisms, surface ideas of
decentralized and networked strategies that can be applied to a
range of contexts or social movements (Richardson et al., 2000).

Ruderal resilience is not a call for rewilding of cities, nor the
abandonment of all management strategies, but rather a critical
attunement to the interdependencies of more-than-human and
human communities. Although this may not be applicable to all
contexts, this formulation may help to advance more equitable
forms of urban governance by expanding the scope of actors
considered as part of SES, while also providing examples of novel
strategies that rethink the status quo such as commonly used
approaches to resource management, urban greening, and
development. Integral to engaging in these strategies is an
iterative process of co-constructing a vision for multispecies
flourishing, a process that should also seriously address issues
of equity, indigenous representation, systemic racism, among
other vital issues.

Shifting Worldviews Through Multispecies
Ruderal Entanglements
To embrace a ruderal and multispecies ethic, particularly in the
Global North, may require a confrontation both physically and
conceptually with human-centered thinking and a reframing of
the objectives of planning theory and practice (Plumwood 2009;
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Houston et al., 2018). This should involve a critical consideration of
non-Western and Indigenous practices, ideologies, and traditions,
which often showcase alternative conceptions of planning or
stewardship. Direct engagements, encounters, and embodied
experiences with ruderal landscapes could offer an approach to
initiate a shift toward a multispecies ethic, especially within
cultural contexts where nature-culture divides persist. Houston
et al. (2018) describes this as “multispecies entanglement,” a
process of attunement involving interactions with urban nature
that integrates Indigenous knowledge or new ways of knowing.
This is not the practice of simply walking through a park, but
rather a process of “becoming-with,” appreciating shared worlds
along the margins, and the critical task of imagining new forms of
expressing interdependency.

Why the ruderal edges? Some researchers point out that
encouraging interactions with the margins of urban spaces, and
the organisms we label as invasive, alien or feral, may aid in city
dwellers’ understanding of how we share worlds with a diverse set
of lifeforms, more so than merely experiencing nature we have
conceptualized as pristine or untouched (Hustak and Myers 2012;
Pellegrini and Baudry 2014; Vega and Schläpfer-Miller 2021). The
process of entanglement can be initiated with the simple gesture of
observing and engaging with a ruderal edge. Taking time to look
carefully at life in a sidewalk crack or vacant lot for instance, may
help facilitate an examination of our collective impact on the earth
while also building empathy for more-than-human worlds
(Pellegrini and Bauldry 2014; Vega and Schläpfer-Miller 2021).
Through forms of attunement, deep listening, and embodied
experience the vacant lot behind your house may cease to be
conceptualized as a mere void, or the plants and animals residing
there as “alien” and “other,” but rather a different kind of lifeway
that is interwoven with our health and livelihoods.

The artist group the Environmental Performance Agency
(EPA) for instance uses movement scores among other
strategies to structure ruderal encounters in New York City,
encouraging new states of awareness through exercises that
help participants as Michael Marder (2012) would say, “let go
of our fixed association of [the] biological... based on our human
selves and limitations” (p. 124). EPA agent andrea haenggi
describes this as a form of “ruderal actionism” referencing the
Viennese Actionism movement that catalyzed performance art in
the 1960’s (Hoyer and Almeida 2021). While the encounter is a
critical access point, communication is key as well, unfolding
through forms of embodiment. This is often a nonverbal, physical
“being-with” or what Anna Tsing describes as a means to enter
into the social worlds of other organisms (Tsing and Elkin 2018).

Yet, it is important to consider that for some this may not be an
easy task, or always an effective approach. For many, the presence of
USV can conjure notions of neglect and present procedural or
logistical challenges for property owners and resource managers
(Khew et al., 2014; Li and Nassauer 2020). Joan Iverson Nassauer’s
(1995) research on landscape perception and environmental
function, which was developed into the “Cues to Care”
framework, finds that many people prefer landscapes they
recognize as designed or signal ongoing human care for the
landscape rather than the more messy but beneficial functions of
semi-wild or unmaintained areas. Nassauer advocates instead for

forging synergies between cultural, aesthetic and ecological goals in
caring for and designing landscapes to ensure cultural ecological
services can effectively circulate. In these circumstances, another
strategy may be necessary to cultivate empathy for landscapes and
organisms deemed as pests, nuisance, or perceived as unattractive.

Cultivating Cultures of Reciprocity and Care
Through Biocultural Stewardship
While direct engagements with ruderal landscapes may help to shift
perspectives, there is also a need to develop this into a practice of care
and long-term stewardship. This may require new biocultural tactics
and a further reframing of conventional restoration, conservation, or
stewardship approaches. The practice of care or maintenance has
many histories entwined with human and more-than-human
cultures, but is often influenced by dominant political, social,
cultural and technological ideologies. In the Global North, the
move toward individualism and a reductionist siloing of
disciplines influenced the prioritization of self-care rather than
the notion of community care or mutual aid, a mindset that can
differ radically in other cultures (Bellacasa 2017). In the context of
conservation and land management, civic environmental
stewardship, or the range of activities that individuals or
community groups use to care for their neighborhoods or place,
is similarly beholden to shifting interpretations of what care means,
for whom, and how (Svendsen and Campbell, 2008; Connolly et al.,
2013). Although the practice of stewardship typically connotes a
responsibility to protect and care for the natural environment,
stewardship efforts are often organized around the idea of
conserving resources for human use, and may not always be
inclusive of cultural practices or traditions, limiting the scope of
actor networks involved (Bennet et al., 2018). Low income and POC
communities for instance have historically been excluded from
conservation movements in part because nature we deem as
valuable (e.g., maintained pastoral landscapes), are typically
located in white and wealthy communities (Bullard 1999). Even
the notion of ecosystem services connotes, at least semiotically, that
natural systems provide nonhuman labor that humans can utilize,
rather than the idea of mutual aid or that human and more-than-
human communities care for and provide benefits to each other
simultaneously.

Bellacasa (2017) in her analysis of the ethics of care urges us to
consider the practice of permaculture as an alternative framing.
Permaculture ethics stress the interconnectivity and maintenance of
multiple natural and human-cultural systems (“cultural landscapes”)
to generate abundance for self and the earth simultaneously.
Permaculture also encourages us to notice the edges of a system,
and to challenge the assumption that we are merely a caretaker or
masters of a place, but also direct participants that co-create
naturecultures. Indigenous scholar Robin Wall Kimmerer’s (2011)
work on “reciprocal restoration,” the notion that restoration of land
and culture are mutually constitutive, is key in considering this.
Kimmerer draws from a rich history of traditional ecological
knowledge to explain that landscapes are not necessarily “broken”
but rather our relationship with land more broadly is fractured. She
advocates here for cultivating renewed relations to allow for mutual
flourishing, what Salmón (2000) describes as “kincentricallymanaging
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the land.” The act of stewardship or restoration in this sense is not a
return to a romanticized vision of a native landscape, but rather an
opportunity for reciprocal caregiving and shared accountability of
hybridized landscapes in-the-making (Geist and Galatowitsch 1999).
This is fundamentally a biocultural practice of stewardship that
integrates diverse knowledge systems with place-based practices
that are particularly needed to address emergent urban social-
ecological challenges (McMillen et al., 2020).

Ruderal landscapes offer a unique space to experiment with
this in practice. The ruderal is often an indicator of disturbance
and human impact, highlighting areas that require acute care and
attention. In some cases they may also surface contested histories
and thus offer a bridge to consider social problems as inseparable
from ecological or political ones. For resource managers, caring
for the ruderal may offer an opportunity to better understand the
needs of multiple species, which then inform management
strategies, alongside ongoing consultation with local groups
and Indigenous communities. For stewardship or conservation
groups, the development of ruderal “carescapes,” sites where
communities can begin to develop a relationship with
damaged terrains, may help reframe conventional notions of
care and restoration toward regenerative models of self-healing
and mutualism, and raise important questions about the ethical
obligation to care for more-than-human worlds. At the same time
this reframing allows for new governance approaches to emerge
that can be inclusive of more-than-human needs and functions,
many of which have been discussed or since practiced such as
mosaic governance (Buijs et al., 2019) or biocultural design
(Davidson-Hunt et al., 2012).

This may first involve collaborative investigations of social-
ecological interactions across various urban forms and scales,
looking particularly at the ruderal edges for new insights,
biocultural approaches, relationships, and patterns. In some
cases the adaptive capacities, services or disservices of a
ruderal ecology may offer crucial insights to ascertain the
emergent needs of human communities and other species.
These biocultural indicators can then be used to define the
context of a particular urban challenge, the scope of the
assessment, and performance goals that aim towards
multispecies flourishing and regeneration rather than merely
mitigating damage, or planning for human adaptation. This
may not be an easy task, but rather a long-term process of
unlearning, decolonizing, and honoring a relationship with the
diverse urban lifeways that we often ignore. Here we can begin to
meet plants, ecosystems and people where they are rather than
where we want them to be, and to view urban environments as
networks of mutual aid that require ongoing reciprocity.

Multispecies Urbanism, Planning and
Governance
Central to realizing multispecies approaches to urbanism, planning
or governance is understanding urban terrains as assemblages of
human and more-than-human actors that influence the circulation
and trajectory of political networks (McFarlane 2009; Celermajer
et al., 2020). A multispecies approach thus recognizes these
connections and centers the knowledge of more-than-human

stakeholders to move beyond a logic of control, security or
safety toward one of mutual appreciation and reciprocity (Steele
et al., 2019). This may require the consideration of different
temporal scales as well as novel strategies for attunement and
co-envisioning futures. Manring’s (2007) notion of adaptive
governance is useful, which they frame as a process of social
learning and trust to inform decision making processes across
various domains and takes into consideration the role of “scale-
crossing brokers” in thinking about ecological scales and the
needs of multiple species (Ernston et al., 2010). Ruderal
landscapes again present a salient touchstone, a means to
observe how nonhuman and human actors interact through
forms of self-organization, the adaptations needed to thrive, and
the associated (dis)services. These indicators may aid planners
in developing strategies and solutions that embrace uncertainty
and change, notions of self-assembly, and synergies between
social, cultural, economic and technological systems.

For city planners this may entail a revision of conventional tools
such as environmental impact assessments (EIA) or cost-benefit
analyses (CBA), which focus on the monetary valuation of natural
resources. Although useful, these tools rarely include a consideration
of the regulating services or the intangible and social values people
place on urban greenspaces and cultural systems (Langemeyer et al.,
2016). Instead, urban ecologists advocate for using a multi-criteria
decision analysis (MCDA) which clearly defines and weights
criteria to help prioritize land use planning and manage
conflicting perspectives (Langemeyer et al., 2016). Yet to date,
most MCDA models ignore nonhuman perspectives or
integrated knowledge systems (e.g., Traditional Ecological
Knowledge, ethnobotany) to understand ecological resilience,
adaptive capacity, and what factors drive social and ecological
interactions within a system. Sterling et al. (2017) propose the
use of biocultural indicators as a way to integrate ecological, social
and cultural factors, which in turn may be used to understand
social-ecological change or shifts in cultural diversity. For instance,
how phenomena such as a decline in biodiversity or an increase in
extreme weather events may be an indicator of extractive economic
systems, social inequity, or large-scale human migration (Schell
et al., 2020). Biocultural indicators are then a more robust way to
understand feedback between ecological and cultural systems,
which can then be used to co-develop locally-appropriate
benchmarks and methods to inform resource management,
policy, and development.

As an example, David Morgan’s (2019) analysis of the Mass
Oyster Reef project considers the possibility of multispecies
planning and what he calls “post-Natural policy.” Morgan
(2019a) interrogates the shortcomings of the Massachusetts
Shellfish Planting Guidelines issued by the Division of Marine
Fisheries, which develops maps and surveys levels of
contamination to determine suitable areas for fishing or
shellfish planting. In talking with restorationists, Morgan
found the Marine Fisheries maps were so heavily oriented
towards human ends that they inadvertently limited the
cultivation of “self-perpetuating shellfish populations” in areas
that restorationists argue would be suitable. Morgan instead
developed an “Oysterscapes” map using species-specific criteria
for the Eastern oyster, showing that many areas were favorable for
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oyster reef restoration and could be implemented without
damaging existing fishing infrastructure. In many ways, this is
perhaps an example of ruderal resilience in action.

Other examples are emerging (Campos-Silva et al., 2018).
Rupprecht et al. (2020) highlight an initiative in Auckland,
New Zealand that brought together bees, beekeepers and city
officials (For the Love of Bees) to consider multispecies urban
greening strategies (Hyvärinen 2019), and also the Healthy Urban
Microbiome Initiative, which aims to showcase the co-benefits of
microbial biodiversity and human health. Thomsen et al. (2021)
consider how wildlife tourism can be reframed using a
multispecies livelihoods framework to eliminate “animal-
human” divides and embrace more ethical practices. Or the
Texas Department of Transportation’s Bats’n’Bridges program
which encourages the design of bridges and culverts that allow
local bat communities to roost and provide ecological and
cultural services to urban areas. The aim here is not to merely
design for other species, but rather to consider how planning can
be mutually beneficial for multiple species over a long duration.
New policy formations like personhood status for ecosystems,
while well-intended, may simply reinscribe a human-centered
perspective to nonhumans, rather than recognizing their
sovereign agency and the value of including them in legitimate
decision-making processes.

CONCLUSION

By 2030, the United Nations predicts that 68% of the world’s
population will live in cities, but likely half of the urban areas that
will exist by 2050 have yet to be designed or created (United
Nations Department of Economic and Social Affairs 2018;
Childers 2019; Moraci et al., 2020). This presents a unique
opportunity to rethink how cities can work with the
increasingly hybrid and anthropogenic landscapes left behind.
At the same time the acceleration of the climate crisis makes it
imperative that we seek new approaches and ways of knowing
that promote forms of urban resilience which are equitable,
flexible, and impactful. In many ways, ruderal ecological
systems are already demonstrating a path forward, showcasing
an ability to thrive precisely because of the multispecies
entanglements taking place along the edges of many urban
centers around the world.

An ongoing examination of ruderal systems, their adaptive
capacities, ecological functions and social-ecological relationships,
may offer a useful device to envision and realize these approaches,
while also advancing resilience thinking and SES theory toward an
integrated framework of biocultural stewardship, multispecies
planning, and governance. This is not a means for advocating for
certain plants or ecosystems as having superior advantage, but rather
a ruderal lens provides an opportunity to consider life along the

margins which may help guide an epistemological shift in how we
value, care for, and perceive multispecies life in cities. The ruderal for
instance showcase that borders are not always barriers but also
opportunities for multispecies lifeways; hybridity can enhance
diversity and survival; there is strength in moving horizontally
and not just vertically; dynamic adaptation and inclusive
decision-making is key; systems need to be considered at
multiple scales both temporally and spatially; and there is power
in mutualistic communication.

Yet, there also are several limitations to consider. First, the
ruderal or multispecies approach is not a catch-all solution for
urgent social-ecological challenges facing communities across the
world. Rather, to address the climate crisis and other issues will
require multiple approaches and methods, and stakeholders and
communities should remain critical of how multispecies thinking
and planning is translated, adopted, or utilized. Due to the recent
emergence of multispecies studies, there is limited prior research
on the effectivity or application of multispecies thinking to urban
planning and design. Additionally, the scope of perspectives
included in this review emphasize research and approaches
within the context of the Global North, and thus may not be
applicable to some areas or contexts. Further consideration
should be taken to ensure a diversity of non-western and
Indigenous perspectives are centered.

Finally, to authentically embrace and work with the notion of
ruderal resilience, planners, researchers and others must be open
to others ways of knowing that are critical of reductionist
approaches to planning and conservation, as well as the
diverse multispecies lifeways that many avoid. In this mutual
dialogue we may begin to attend to more-than-human needs,
enabling us to build even greater resiliency because we are
developing a literacy to aid in our preparation for further
change and adaptation, rather than assume a return to
“balance” through human-centered practices. Here in the
discomfortability of the ruderal, we may gain a new
appreciation for our interdependence with all lifeforms, and
perhaps motivate a new kind of social-ecological resilience
moving forward.
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