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Abstract: Decades of research on the effects of urbanization on stream ecology have shown that urban stream
problems are inherently wicked. These problems are wicked in the sense that they are difficult to solve because in-
formation is incomplete, changing, or conflicting and because finding potential solutions often requires input from
stakeholders who can have conflicting and competing values. The 5th Symposium onUrbanization and Stream Ecol-
ogy (SUSE5) in February 2020 brought together diverse perspectives from scientists, managers, practitioners, and
local communities. Participants at SUSE5 discussed the state of the science in urban stream ecology and worked
through in-depth case studies in teams to tackle complex real-world problems in urban stream management.
The papers in this special series on urbanization and stream ecology include empirical research studies and synthesis
papers sparked by discussions at SUSE5 and advance multidisciplinary solutions to wicked urban stream problems.
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Managing and restoring streams in urbanized watersheds
is more important than ever because the rate of expansion
of urban lands is accelerating worldwide (Liu et al. 2020)
and >½ of the global population now lives in cities (United
Nations et al. 2019). People also likely interact with urban
streamsmore frequently than streams inmore rural settings
because of their proximity. In addition, we depend on urban
streams for services like drainage of stormwater, flood con-
trol, recreation, aesthetic beauty, plant and animal habitat,
and sometimes even drinking water (Palmer et al. 2014,
Yocom 2014). However, urban streams are subject to pres-
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sures that can limit their capacity to provide these services,
such as flashy runoff from impervious surfaces, increased
water temperature, removal or degradation of vegetated
buffers, pollution by nutrients and other contaminants,
and others (Walsh et al. 2005). Urban stream restoration of-
fers the potential tomitigate pressures and increase the eco-
logical function and services of urban streams.

Managers have attempted to restoremany urban streams,
but recovery is rarely documented in the empirical literature
(Rubin et al. 2017). This may be in part because the infor-
mation that is needed to identify, evaluate, and solve urban
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stream problems is incomplete and because stakeholders
can have competing goals and contradicting values (Smith
et al. 2016, Lintern et al. 2020). Because of these character-
istics, urban stream restorationmay be considered a wicked
problem (i.e., a problem without a clear, optimal solution;
Bixler et al. 2022). There is increasing recognition that en-
vironmental problems are also social problems and that ef-
fective solutions to both social and environmental problems
will likely focus on recovering critical components of eco-
systems (Palmer and Stewart 2020). Further, social forces
may often influence the type of restoration efforts imple-
mented (Lave 2016). The path forward for restoration
may be one that promotes equitable opportunities for peo-
ple to interact with andmanage the environment while rec-
ognizing dynamic power relations among stakeholders (Os-
borne et al. 2021). These calls for interdisciplinary thinking
and consideration of power dynamics and equity influenced
the framing of themost recent Symposium onUrbanization
and Stream Ecology (SUSE) and, subsequently, the papers
included in this special series.
SUSE
The goal of the SUSE is to advance understanding of how

urbanization alters and degrades aquatic ecosystems and
the effectiveness ofmanagement interventions at improving
stream ecosystems across the world. The themes of SUSE
meetings have evolved and built upon previous symposia:
synthesizing the urban stream syndrome (SUSE1, 2003,
Melbourne, Australia; Freshwater Science 2005 24[3]), iden-
tifying key research questions for urban streams (SUSE2,
2008, Salt Lake City, Utah, USA; Freshwater Science 2009
28[4]), summarizing global dissimilarities in urban streams
(SUSE3, 2014, Portland, Oregon, USA; Freshwater Science
2016 35[1]), developing strategies to overcome barriers to
catchment-scale rehabilitation (SUSE4, 2017, Browns Sum-
mit, North Carolina, USA), and developing multidisciplin-
ary solutions to wicked urban stream problems (SUSE5,
2022, Austin, Texas, USA; Freshwater Science 2022 41[3]).
Participants at SUSE meetings have diversified through
time from primarily scientists from Australia and North
America representing a few disciplines to an array of global
participants from Latin America, Africa, Europe, Australia,
New Zealand, and the United States representing environ-
mental, social, and political sciences, stream restoration and
management practitioners, nonprofit community groups,
and local community members.

SUSE5 included many activities (plenary talks, posters,
breakout groups) and topics (ecology, restoration) like the
first 4 SUSE meetings, but it uniquely incorporated place-
based issues through case studies that facilitated discussions
of creative, collaborative solutions to wicked urban stream
problems. Importantly, local voices were included in some
of the case-study groups, which provided novel perspectives
that are often not incorporated into urban stream restora-
tion (Scoggins et al. 2022). For example, explicit incorpora-
tion of ecology, engineering, and social equity goals chal-
lenged participants to identify solutions that addressed
broad urban sustainability challenges (Bixler et al. 2022).
These case studies underscored the historic inequities in
stormwater infrastructure investments in traditionally un-
derserved communities, which contribute to disproportion-
ate stream degradation in the neighborhoods where these
communities live (SUSE5 2020,Moulds et al. 2021). In Aus-
tin, the stakeholder-inclusive process that SUSE5 partici-
pants experienced not only led to a more comprehensive
understanding of the problems at local case study sites,
but it also revealed positive feedbacks in community sup-
port, political will, and funding opportunities when stream
problems are placed within the context of neighborhood
needs (Scoggins et al. 2022). Expanding beyond the Austin
experience, SUSE5 revealed the importance of meeting
urban stream stakeholders (e.g., neighborhood residents,
regulators, funding sources, etc.) wherever they are (Smith
et al. 2014, Bice et al. 2019). This interactive approach
broadens discussions to include how desired ecosystem ser-
vices fit into the context of community values (Pahl-Wostl
2006).
Papers in this special series
The papers in this special series on urbanization and

stream ecology include empirical research studies and syn-
thesis papers sparked by discussions at SUSE5. Papers are
grouped into 2 general themes: emerging challenges in ur-
banized watersheds and stream ecosystem response to
stormwatermanagement and restoration. The special series
also includes a BRIDGES cluster that addresses the difficul-
ties of effectively engaging all stakeholders toward develop-
ing urban stream restoration projects that are equitable and
informed by community values. Publications in the journal
Urban Ecology (across multiple issues in Volume 25) high-
light additional research and conceptual advances that were
sparked by SUSE5.
Theme 1: Emerging challenges in urbanized watersheds
The first 3 papers in this special series present emerging

perspectives on the interacting social and environmental
context in which urban stream restoration problems are
embedded. Specifically, these papers focus on strategies
for forming the multistakeholder collaborations that are
critical for restoring both the ecological systems in urban
streams and the social systems in communities living
around them (Scoggins et al. 2022), and the management
challenges associated with interacting contaminants in ur-
ban streams (Guasch et al. 2022, Kaushal et al. 2022).

Despite awareness that meaningful collaboration with
stakeholders and local communities is valuable throughout
the process of restoring urban streams, communicationwith
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local community stakeholders often comes after plans and
designs have been made, if at all (e.g., Smith et al. 2016, da
Cruz e Sousa and Ríos-Touma 2018, Moran et al. 2019).
Two papers in this special series (Kaushal et al. 2022,
Scoggins et al. 2022) demonstrate the need and value of early,
meaningful stakeholder engagement in restoring urban
streams and mitigating stream degradation. Scoggins et al.
(2022) build on both the experiences of organizers, faci-
litators, and participants in the place-based case studies
of the SUSE5meeting and the authors’ years of professional
experiences to articulate a vision for howwe can elevate the
role of community stakeholders in urban stream restora-
tions. Importantly, their vision involves working to concur-
rently restore the ecological integrity of the stream ecosystem
and repair racial and socio-economic inequities suffered
by communities living around the stream. Scoggins et al.
(2022) contend that this path, which necessarily involves
meaningful transdisciplinary collaboration, is the most di-
rect way to restore the stream ecosystem and repair current
and historical inequities suffered by the local community.
Kaushal et al. (2022) also describe how stakeholders were in-
volved in the process of identifying research needs to help
drive future research on freshwater salinization, an emerging
concern in urban streams. The themes of community en-
gagement and equity with respect to urban stream restora-
tion are further explored in theBRIDGES cluster (see below).

Contaminants carried to streams in storm runoff are
among the major causes of stream degradation in urban
landscapes. The ways in which individual contaminants in-
teract with one another, naturally occurring chemicals, and
the biota in urban landscapes to influence contaminant fate
and transport are poorly understood. Kaushal et al. (2022)
describe how co-occurring management of precipitation
and runoff in urban areas contributes to and interacts with
the freshwater salinization syndrome. Increasing concen-
trations of salts (from road deicers, fertilizers, infrastructure
weathering products, etc.) have been measured in runoff
and stream water (Kaushal et al. 2005, 2017, Moore et al.
2020). As these salts move along urban flow paths and
through landscapes modified in accordance with best man-
agement practices such as those with green stormwater infra-
structure, they interact with other contaminants, often with
unknown consequences for the mobilization of chemical
cocktails and their effects on biota in urban streams. Guasch
et al. (2022) describe interactions between microplastics, a
common contaminant in urban streams, and biofilms. Urban
streams typically receive excess light and nutrients (Walsh
et al. 2005) as well as plastic pollution (Hoellein et al. 2014,
Mani et al. 2015, Khan et al. 2018, Donoso and Ríos-Touma
2020). The excess light and nutrients produce thick biofilms
that likely enhance the trapping and transient storage of
microplastics by biofilms with unknown ecosystem conse-
quences. Both Guasch et al. (2022) and Kaushal et al. (2022)
describe interactions of pollutants in urban environments
that lead to complex and unknown ecosystem-level effects.
Theme 2: Stream ecosystem response to stormwater
management and restoration

Four papers in this special series focus on approaches to
stream restoration and stormwater management including a
review of the current state of knowledge on macroinver-
tebrate reintroductions (Clinton et al. 2022), a new approach
to optimize design standards for stormwater management
based on critical discharge (Wooten et al. 2022), monitoring
of threshold discharge for sediment mobilization and its
departure from conventional calculations in urban streams
(Hawley et al. 2022a), and a synthesis of long-term moni-
toring of the effects suburban development with distributed
stormwater management on a suite of stream functions
(Hopkins et al. 2022). These studies identify some of the
limitations of conventional stormwater management poli-
cies and approaches and the utility of adaptivemanagement
approaches that learn from, and improve upon, the failure
of traditional approaches. They also highlight novel ways to
retrofit detention ponds in existing urban development
(Wooten et al. 2022) and use distributed stormwater con-
trol at the watershed scale in new suburban development
(Hopkins et al. 2022).

Stormwater management and stream restoration are
beneficial in numerous ways, but papers in this special se-
ries also provide examples of the unintended consequences
associated with management efforts. For example, macro-
invertebrate reintroductions may be able to jump start re-
covery following restoration, but the risk of such reintro-
ductions to both the donor and receiving assemblages from
factors such as disease and genetic homogenization should
be considered (Clinton et al. 2022). Kaushal et al. (2022) de-
scribe how best management practices intended to reduce
peak flows may exacerbate or even create new water quality
problems by mobilizing contaminants or changing the tem-
poral patterns of their transport to streams. Hopkins et al.
(2022) emphasize that distributed stormwater control can
improve somewater-quality constituents like nitrate concen-
trations but increase specific conductance and have little ef-
fect on overall baseflow nitrate export (because baseflow vol-
umes increase).

The special series highlights how empirical approaches
can be used to improve urban water management decision
making. For example, Clinton et al. (2022) synthesize stud-
ies of macroinvertebrate reintroductions to provide guid-
ance on determining whether species reintroductions are
appropriate for a given site. Wooten et al. (2022) describe
a science-based approach to setting stormwater manage-
ment design targets in Sanitation District No. 1 of Northern
Kentucky, USA. Their approach uses a locally calibrated
stormwater design standard based on critical discharge
(Qc) rather than a theoretical design standard. Qc identifies
the flow rate threshold that induces sediment transport,
rather than commonly used design storms based on the 2-y,
24-h storm, which has been assumed to represent bankfull
discharge but rarely coincides with the threshold for sediment
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movement. Hawley et al. (2022a) expand on this approach by
comparing theoretical and empirical Qc across both a range
of watershed urbanization and different geographic settings.
Their research shows that the discharge that causes sedi-
ment mobilization is more likely to differ from theoretical
calculations in more urbanized streams, with sediment mo-
bilization in urban streams often requiring higher flow rates
than would be predicted by theoretical calculations. This
departure has important implications for management of
erosion, channel geomorphology, and the biological assem-
blages in urban streams.Wooten et al. (2022) provide a pri-
oritization scheme for detention basin retrofits that uses
volume-to-drainage area ratios to identify basins with the
highest retrofit potential in their Sanitation District No. 1
study area.
BRIDGES cluster
Both scientists and practitioners have learned the im-

portance of gaining local community buy-in to improve
the success of stream restoration efforts. This understand-
ing is especially true in urban environments, where the
success of restoration projects may hinge on community
participation. The field of urban stream restoration has re-
cently shifted to prioritize local community engagement
on projects with the growing awareness that restoration ef-
forts have a disproportionately large effect on the sur-
rounding communities (Kondolf and Yang 2008, Dhakal
and Chevalier 2016, Smith et al. 2016). However, engaging
local communities in urban stream restoration has proven
challenging for researchers, and there is still uncertainty
on how to do it effectively (Crawford et al. 2017).

Each of the 3 papers in the BRIDGES cluster discusses
the difficulties and limitations of effectively engaging local
communities to develop equitable stream restoration proj-
ects driven by community values. These 3 papers highlight
the importance and challenges of equitable participation
by local communities and the need to recognize, consider,
and include community values when addressing the wicked
problems associated with urban stream restoration. Cross
and Chappell (2022) begin the series by discussing the po-
tential pitfalls to community engagement from a social per-
spective when developing restoration plans for urban
streams. Their paper highlights the assumptions that scien-
tists and practitioners make when attempting to engage the
community, which sets the stage for a discussion on equi-
table engagement when planning and carrying out urban
stream restoration. Díaz-Pascacio et al. (2022) describe
how equitable community engagement can promote max-
imum community support in urban stream restoration
projects. Murphy et al. (2022), the final paper in the cluster,
apply a gap analysis to a series of case studies and demon-
strate how diverse values and perspectives can complicate
objective setting.Murphy et al. (2022) suggest a framework
that guides those involved in urban stream restoration proj-
ects through an assessment of the values that may inform
stakeholders’ objectives. They go on to suggest how to bal-
ance tradeoffs among diverse stakeholders and achieve the
dual goals of community engagement and stream restoration.

TheBRIDGES clustermoves the ongoing discussion of ef-
fective community engagement in urban stream restoration
forward, illustrating the historical and current shortcomings
in project approaches and highlighting the importance of
community conversations to provide an equitable solution.
The cluster also demonstrates how equitable, values-based
community engagement provides maximum long-term sus-
tainability of urban stream restoration projects. Although
implementing effective community engagement has limita-
tions and challenges, especially for researchers and practi-
tioners lacking social science training, these articles offer
guidance regarding the actions needed to achieve successful
engagement for urban stream restoration projects.
Future directions in urban stream science
The products of the SUSE5 meeting (this special series,

Bixler et al. 2022, Castelar et al. 2022, Fork et al. 2022,
Hawley 2022, Hawley et al. 2022b, Hill et al. 2022, Mayer
et al. 2022, Rieck et al. 2022, Ríos-Touma et al. 2022,Wood
et al. 2022) demonstrate the progress that has beenmade in
urban stream science since the last SUSE meeting in 2016.
Further, this collection of work has identified future re-
search needs as well as current and future approaches to ef-
fective and equitable planning and management of urban
stream restoration activities. As a community of research-
ers and practitioners, we have advanced understanding of
complex interactions in urban streams (e.g., among con-
taminants, among stakeholders, among goals, etc.) and
identified strategies for using data and case studies in the
pursuit of restoration goals. Still, gaps in our knowledge
and the potential for further development of urban stream
science remain and are highlighted in several of the papers
in this special series. Part of the wickedness of urban stream
problems is their setting and context dependence, but
cross-site syntheses of both process and outcomes can ex-
pand and enrich the portfolio of potential approaches to ur-
ban watershed management and restoration. In particular,
the papers in this special series highlight the continued
need for multi- and transdisciplinary teamwork in defining,
developing, and implementing urban watershed manage-
ment and restoration activities.
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