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Interest is growing in designing resilient and ecologically rich urban environments that

provide social and ecological benefits. Regenerative and biocentric designs fostering

urban ecological habitats including food webs that provide ecosystem services for people

and wildlife increasingly are being sought. However, the intentional design of urban

landscapes for food webs remains in an early stage with few precedents and many

challenges. In this paper, we explore the potential to design (for) urban food webs through

collaborations between designers and ecologists. We start by examining the ecology

and management of Jamaica Bay in New York City as a case study of an anthropogenic

landscape where ecosystems are degraded and the integrity of extant food webs are

intertwined with human agency. A subsequent design competition focusing on ecological

design and management of this large-scale landscape for animal habitat and ecosystem

services for people illustrates how designers approach this anthropogenic landscape.

This case study reveals that both designing urban landscapes for food webs and directly

designing andmanipulating urban food webs are complicated and challenging to achieve

and maintain, but they have the potential to increase ecological health of, and enhance

ecosystem services in, urban environments. We identify opportunities to capitalize on

species interactions across trophic structures and to introduce managed niches in

biologically engineered urban systems. The design competition reveals an opportunity

to approach urban landscapes and ecological systems creatively through a proactive

design process that includes a carefully crafted collaborative approach to constructing

ecologically functioning landscapes that can integrate societal demands. As designers

increasingly seek to build, adapt, and manage urban environments effectively, it will

be critical to resolve the contradictions and challenges associated with human needs,

ecosystem dynamics, and interacting assemblages of species. Ecologists and designers

are still discovering and experimenting with designing (for) urban food webs and fostering

species interactions within them. We recommend generating prototypes of urban food

webs through a learning-by-doing approach in urban development projects. Design and

implementation of urban food webs also can lead to research opportunities involving

monitoring and experiments that identify and solve challenges of food-web construction

while supporting and encouraging ongoing management.

Keywords: urban ecology, urban food webs, landscape architecture, ecological design, species assemblages,

trophic structures, design process
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1. INTRODUCTION

For as long as ecologists have been describing and studying
ecosystems1, they have documented the occurrence, structure,
interactions, and associated dynamics of species within food webs
(Figure 1; McCann, 2012). More than a century of observational
and experimental studies in natural ecosystems has revealed
that food webs assemble themselves from rich pools of dozens,
hundreds, or even thousands of species. A range of strong and
weak predator-prey interactions and the flow of energy from
producers to consumers to decomposers work in concert to exert
both bottom-up and top-down control on the structure and
dynamics of food webs (e.g., Ulanowicz et al., 2014).

Ecologists disagree about the effects of urbanization on
biodiversity—the pool of species from which food webs
assemble. Some studies have reported that biodiversity is
reduced and homogenized with increasing human occupation
and urbanization (McKinney, 2006; Groffman et al., 2014).
Others have found that urban systems have considerable species
diversity and support locally rare or endangered native species.
For example, changes in productivity and habitat structures in
cities may favor specific species of birds (Marzluff and Ewing,
2008), spiders (Shochat et al., 2008), bees (Mata et al., 2019),
or amphibians (Hamer and McDonnell, 2008). This urban
biodiversity increasingly is valued and deliberately cultivated in
more intentionally designed urban green spaces (Aronson et al.,
2017). For example, homeowners may deliberately introduce a
single trophic level (e.g., “butterfly plants”) to attract herbivores
and pollinators (e.g., caterpillars and butterflies), and perhaps
unintentionally, their predators (e.g., birds and small mammals)
to their yards or gardens (e.g., USDA Natural Resources
Conservation Service, 2020). Reconciliation ecology in particular
has a unique perspective on fostering biodiversity in human-
dominated ecosystems, positing that ecological engineering
can shift the abiotic and biotic conditions of more artificial
urban analogs to support native and indigenous biodiversity
(Rosenzweig, 2003). Through reconciliation, ecologists can make
urban environment more suitable for native and indigenous
biodiversity and foster wildlife systems that structurally or
functionally resemble natural ecosystems and habitats from the
region (Lundholm and Richardson, 2010).

A logical next step is to consider entire food webs in
urban habitats. We recognize distinctive degrees of structure
and composition, utility for people (“ecosystem services”), and
intentionality—all at different spatial scales (Figure 2; and see
Faeth et al., 2005; McKinney, 2006; Warren et al., 2006)—among
urban food webs. For example, many urban food webs occur
in the seemingly pre-urban conditions found in semi-natural
fragmented forest remnants or urban streams (e.g., Faeth et al.,
2011; Adler and Tanner, 2013; Forman, 2014). Others occur
unintentionally in small patches or successional landscapes, such
as overgrown median strips or accidental wetlands (Nassauer,
2012; Adler and Tanner, 2013; Beninde et al., 2015; Palta et al.,
2017).

1Terms defined in the Glossary are set in bold-face type at first mention.

Clearly many species interactions and networks are reshaped
by urbanization (Forman, 2014). Remnant urban food webs have
been shown to support less diverse ecological communities, with
specialist species and rare species being particularly vulnerable.
Urbanization can be seen as destabilizing, reshaping ecological
stability and (dis)assembling species interactions (Start et al.,
2020). We note that our intent with Figure 2 is not to define
the only possible sets of food webs in specific combinations of
ecological function, ecological intentionality, and space [i.e., the
locations of the images in (x,y,z) space in Figure 2] but rather to
encourage readers to consider the myriad possibilities about how
effects of these different variables may play out in “natural” and
designed food webs at different scales.

But urban food webs need to be considered differently
from those in “natural” ecosystems. Habitat modifications,
species introductions, and dispersal across fragmented and
heterogeneous urban landscapes are environmental filters
influencing composition of species assemblages and structure
of urban food webs (Andrade et al., 2020). Human agency

in the deliberate design of urban green spaces and land
management practices provides a further set of structuring
filters (Hagen et al., 2012). Urban food webs interact with
human socioeconomic and cultural systems, including designed
landscapes, governance structures, and social networks. The
uniquely defined ecological communities and food webs found in
urban ecosystems have been described using a variety of terms,
from “urban assemblages” (Aronson et al., 2017) and “urban
metacommunities” (Andrade et al., 2020) to “ecological networks
across environmental gradients” (Tylianakis and Morris, 2017),
“ecological networks” (or “meta-networks”) (Mata et al., 2019),
“interaction networks” (Start et al., 2020), living shorelines, and
green infrastructure (Hostetler et al., 2011), as well as the
more concise “urban food webs” (Faeth et al., 2005; Warren
et al., 2006; Aronson et al., 2017)2. Each of these terms includes
concepts from community, ecosystem, landscape, and urban

ecology.While urban food-web research is expanding, the impact
of urbanization and human activities on food-web structure
remain poorly understood because cities are challenging spaces
for ecologists interested in studying and deciphering food-web
structure and dynamics (Andrade et al., 2020).

Although ecologists are moving forward slowly, landscape
architects and design professionals are more rapidly exploring
and incorporating food webs in urban projects through
habitat creation, regenerative design, biocentric design, biophilia,
urban agriculture, permaculture, urban restoration projects,
and commissioned landscape projects, such as large parks or
botanical gardens (see examples in section 5 and Czerniak and
Hargreaves, 2007; Beck, 2013). Large infrastructure projects,
such as stormwater parks, utility corridors, or management
zones that encompass or are adjacent to existing habitats and
waterways may require habitat mitigation for particular species
or provide environmental conditions in which urban food webs

2A search run in Web of Science on 22 November 2020 retrieved 31,243 papers

published between 1900 and 2020 on “food web” or “food webs” but only seven

published on “urban food web” or “urban food webs.”
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FIGURE 1 | Food webs as envisioned by ecologists and designers place different emphases on their structure (form) and dynamics (function or ecosystem services).

The large color panels illustrate portrayal by ecologists of food webs (A,B) and their pedagogical representation (C); and their physical embodiment by designers and

landscape architects for the built environment (D,E). The “see-saw” icon below each color panel indicates the relative emphasis on form and function in the

associated panel. Form (on the left) or function (on the right) may be emphasized (upper left or right) or de-emphasized (lower left or right) and there is usually (but not

always, as in C) a trade-off (see-sawing) between form and function in emphasis by ecologists or designers. For additional discussion and illustration, see, respectively

main text section 6.4 and sliders below photographs in Figure 10. (A) Is an abstraction of a food web that illustrates its topology. Colored nodes identify functions

(e.g., producer, consumer) but there is no identification of who eats whom, directionality, or interactions. (B) Is an illustration of a food web that emphasizes functions

(as interrelationships across organisms and trophic structures) using directional arrows to indicate who eats whom. (C) Is a “food pyramid” like those seen in

high-school textbooks that emphasizes trophic transfer and the decreasing abundance of individuals at increasingly higher trophic levels. (D) Illustrates a “Systemic

Design” framework for managing interactions and information translated across scales in a hierarchy of nested relationships. Information is bundled into clusters

(“Systemic Bundles”) that tie local site conditions to regional perspectives and expose issues surrounding any given site. (E) Is a design-based representation by

James Corner Field Operations of an idealized process of ecological succession and food-web development in an urban landfill-turned-public park. Image sources:

(A) Image produced with FoodWeb3D, and provided by the Pacific Ecoinformatics and Computational Ecology Lab (http://www.foodwebs.org/; Yoon et al., 2004); (B)

Savanna food web from https://savannabiomeassignment.weebly.com/food-web.html; (C) Image in the public domain from Brace (1977); (D) Alan M. Berger and

Casey L. Brown, P-REX, published in Berger (2009) and used with permission; (E) James Corner Field Operations, and used with permission.
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FIGURE 2 | Constructed urban food webs are an outcome of both intentional and unintentional human activities and come in many shapes and sizes. This figure

illustrates relationships between ecological functions and human intention to modify the local ecology in real and representational food webs. For designed food webs,

we need to combine intentionality with theories of biological succession, invasion, species interactions, and other ecological applications to evaluate and manage the

systems over time. Image sources: Lawn ornaments (Bert bert: https://commons.wikimedia.org/wiki/File:Flamingo_1.jpg; CC-BY); Animal husbandry (Government of

Victoria: https://www.yarracity.vic.gov.au/events/2018/06/02/hawk-owl-falconry-display; public domain); Bird feeders (Scott Catron: https://commons.wikimedia.org/

w/index.php?curid=849195; CC-BY-2.5); Butterfly exhibits (Alexander Felson: photomontage, 2020; used with permission); Community gardens (Alexander Felson:

photograph, 2005; used with permission); Habitat diorama (NComparato: https://commons.wikimedia.org/wiki/File:Plains_Diorama.JPG; CC-BY-SA 3.0); Salt water

aquaria (Fritz Geller-Grimm; https://commons.wikimedia.org/wiki/File:Aquarium_fg01.jpg; CC-BY-SA-2.5); Zoo enclosures (Fir0002: https://commons.wikimedia.org/

wiki/File:Seals@melb_zoo.jpg; CC-BY-SA-3.0); Bee colonies (Okkisafire: http://self.gutenberg.org/articles/eng/File:Beekeeping_at_Kawah_Ijen,_Indonesia.jpg;

CC-BY-SA 3.0); Constructed wetlands (Alexander Felson: photograph, 2020; used with permission); Large park restoration (Ingfbruno: https://commons.wikimedia.

org/wiki/File:3037-Central_Park-The_Pond.JPG; CC-BY-SA 3.0); Species introductions (US National Park Service: https://www.nps.gov/isro/learn/news/isle-royale-

national-park-and-partners-release-two-wolves-on-the-island.htm; public domain); Household organisms (Alexander Felson: photomontage, 2021; used with

permission); Pests (Kente l: https://commons.wikimedia.org/wiki/File:Kente_l.jpg; CC BY-SA 4.0); Nuisance species (Carsten Volkwein; https://upload.wikimedia.org/

wikipedia/commons/7/7f/Waschbaer_auf_dem_Dach.jpg; CC BY-SA 2.5).

can self-assemble and opportunities for more intentionally-
designed and constructed urban food webs. However, whether
we can design andmanage urban food webs remains an open and
challenging question.

2. ROADMAP

In this paper, we articulate a vision for connecting ecological
theory (i.e., concepts, ideas, and generalizations) with landscape

architecture and urban design to guide the cultivation and
construction of urban food webs. We begin with short précis that
briefly reviews the history of how ecologists have thought about
design and how designers have engaged with ecologists (section
3). We include in this section a Glossary of Terms (Box 1) used

regularly by ecologists and designers but often with very different
meanings. We follow this historical overview with a description
and analysis of a single case study of the ecology andmanagement
of the food web within Jamaica Bay’s Gateway National Park
within New York City (section 4). This case study illustrates
how ideas and issues that will be familiar to ecologists are
addressed and reinterpreted by designers. It shows how existing
urban food webs are connected to land-use practices and human
behaviors through decision making and expressed in design

thinking and management. Jamaica Bay also has been the locus
of two landscape design competitions that have foregrounded
challenges and opportunities in designing, building, and
managing urban food webs. The winning designs illustrate
how design professionals working independently of ecologists
(section 4.2) or in collaboration with ecologists (section 4.3) use
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BOX 1 | Glossary of Terms used commonly by designers, that may be unfamiliar to ecologists, and whose use and interpretation differs between ecologists

and designers.

• Aesthetics: The philosophy of the nature of art, beauty, and taste (Adorno, 1997). Applied in design projects to the creation and appreciation of form, layout,

materials, and function. From aisthētós (Greek: “sensible, perceptible”; by extension: “to perceive, take notice of, understand”).

• Design: The process of inventing and creating proposals for buildings, landscapes, and urban artifacts through rigorous inquiry and individual creativity.

• Design competition: An organized competition in which design teams submit proposals responding to a site-specific or conceptual competition brief;

winners may or may not be able to actually build the proposed project.

• Design process: Project activities from its initial analysis and conceptualization through design and construction.

• Design thinking: Process of sketching and conceptualizing ideas into design solutions from inquiry through crystallization (Rowe, 1996).

• Parametric design: Computational process that uses algorithmic-based software to generate responsive and immersive three-dimensional models

used in (landscape) architecture.

• Working methods of design include iterative approaches to site analysis, conceptual and schematic design, design detailing, material selection,

communication with clients and stakeholder, design, and construction (Felson et al., 2013b).

• Green infrastructure: Land and water management using vegetation, water, and modified natural process to restore and sustain hydrologic and habitat functions.

• Ecological infrastructure: Green infrastructure that prioritizes ecosystem functions over engineering infrastructure and re-adapts landscapes and associated

ecological processes into multifunctional open spaces.

• Ecosystem: Biotic and abiotic elements and all their interactions in a geographic area.

• Designer ecosystems: ecosystems in which ecological goals have been articulated explicitly, management actions are employed and evaluated to

achieve those goals, and where the goals and actions are continually optimized as new information becomes available (Ross et al., 2015).

• Ecosystem functions: Processes that affect biological (or human) communities. Examples include climate control, productivity, energy flow, and nutrient

cycling.

• Ecosystem services: Benefits provided by nature to humans, usually economically valued (Millennium Ecosystem Assessment, 2005). Categories

include provisioning, regulating, supporting, and cultural ecosystem services.

• Novel ecosystems: Species combinations or environmental configurations that are not thought to have existed previously (Hobbs et al., 2009). For

landscape architects, novel ecosystems are common features of design projects.

• Form: The shape or structure of an object.

• Function: The purpose or performance of a structure or system; the relationship from inputs to possible outputs.

• Human agency: The capacity and freedom to make our own choices and to have those choices impact the world around us.

• Intentional(ity): The conscious or subconscious directedness of ones’ mind toward a particular task or agenda.

• Landscape: Socio-ecological systems in a bounded area consisting of a mosaic and gradient of more natural to human-modified ecosystems. In art, land that

can be seen and comprehended in a single view. From landschap (Dutch: a collection of farms or fenced fields); landschaft (German: land shared by people); also

paesaggio (Italian), paysage (French); paisaje (Spanish).

• Landscape architecture: The professional and academic discipline focused on planning, design, management, stewardship, and nurturing of urban,

rural, and natural environments, including small-scale trails, streetscapes, plazas, and residences, and regional-scale parklands, urban parks, and

campuses.

• Landscape urbanism: A way of thinking about cities through a landscape lens. Includes notions of territory, contemporary city forms, systems; considers

landscape, infrastructure, and ecology as equally important components of cities.

• Management: The process of using people and resources to achieve targeted goals. In design, the deployment, effective use, and coordination of finances,

technology, and people to efficiently manage the built environment and natural resources.

• Maintenance: Activities required to forestall deterioration of a landscape. Includes mowing, pruning, tree removal, edging, cultivation, fertilization, and pesticide

application.

• Material selection: Process of researching and selecting materials—constrained by budget and availability—for distinct areas in a design.

• Urban: Characteristics of a town or city, usually defined by density. In the US, a cluster of areas with 2,500–50,000 people or a single area of ≥50,000 people3.

• Urban ecology: The study of (socio-)ecological processes in cities and urbanized regions.

• Urban food web: Multi-trophic assemblages of interacting species found throughout human-dominated rural, exurban, suburban, and urban built

environments. Examples of urban food webs include microbiomes and their hosts in single-family homes, plants, pollinators, and insect herbivores in

community gardens, and predators and their prey thriving within planned residential neighborhoods.

3https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html.

a creative process that includes hybrid ecological, recreational,
and educational solutions and encourages investment in habitat
management for the sake of people and the threatened species.

In section 5, we build on the case study to discuss approaches
already being applied by design professionals interested in
designing and managing for food webs. We differentiate

design for food webs from intentionally designed food webs in
urban environments. We emphasize that designers are already
designing (for) food webs even though many ecologists are likely
to question the rationale for, or feasibility of, establishing stable
urban food webs. We also recognize that designing for food
webs through habitat restoration or “rewilding” (e.g., Lorimer
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et al., 2015; Corlett, 2016; Svenning et al., 2016) is pragmatic
and intentional and shares some features with designed food
webs proposed by design professionals. The paper concludes
with a discussion of the key challenges associated with building
bridges between ecologists and design professionals that could
help achieve the goal of establishing urban food webs (section
6). We identify roles for ecologists in developing and applying
relevant theories needed to intentionally design urban food webs
(Pulliam and Johnson, 2002; Grose, 2017) that build on a growing
literature establishing ecological principles for landscape design
(e.g., Beck, 2013).

3. A BRIEF HISTORY OF INTERSECTIONS
BETWEEN ECOLOGISTS AND DESIGNERS

Ecologists are increasingly working with designers and other
urban practitioners involved in shaping cities (Felson et al.,
2013b; Tanner et al., 2014; Pickett et al., 2020). These interactions
can be challenging but also have potential to enrich all the
partners (e.g., Johnson et al., 2002;Musacchio, 2009; Pickett et al.,
2016).

3.1. Ecologists Increasingly Are
Considering Design
Ecologists interested in urban areas initially focused on
understanding autecology and interactions of non-human
populations and communities in cities (e.g., Adams, 2005;
Bornkamm, 2007; Sukopp, 2008). These and other early studies
relied on a direct translation of classical ecological concepts and
theories developed in non-urban systems into cities (Rebele,
1994). Urban ecology has begun focusing on ecology of cities
to integrate the built environment and human behavior (Alberti
et al., 2009; Pickett et al., 2011; Tanner et al., 2014; Groffman
et al., 2017). Concurrently, ecologists are actively revisiting their
role in urban research, applied science and design (Felson and
Pickett, 2005; Palmer, 2009; Pickett et al., 2020). Most recently,
ecologists are embracing ecology for cities (Childers et al., 2015;
Pickett et al., 2016) and working directly with designers through
the design process.

3.2. The Ebb and Flow of Ecology in Design
Among designers, Ian McHarg heavily influenced the integration
of ecology into landscape design, particularly through education
(McHarg, 1969). He framed the ecological paradigm around
disturbance ecology as a fundamental part of ecosystems and
invited ecologists into design schools to teach ecological theory
to design students (Spirn, 2000). Many of his students went
on to become leaders whose work and that of their students
and colleagues influenced the field of landscape architecture
worldwide (e.g„ Spirn, 2000; Steiner et al., 2013, 2019; Reed
and Lister, 2014; Grose, 2017)4. In the last 50 years, the
place and influence of ecology in the design professions has
waxed and waned with changing priorities and demands on

4The nexus of this continuing work is The Ian L. McHarg Center for Urbanism

and Ecology in the Stuart Weitzman School of Design at the University of

Pennsylvania: https://mcharg.upenn.edu/.

designers (Steiner et al., 2019). These shifting priorities have
reflected the responsiveness of urban design to contemporary
cultural attitudes, needs, and interests, all of which can limit
opportunities for designers to develop a deeper working
knowledge of ecological science than they may have been
exposed to during their schooling or receive through continuing
education. This is especially evident in the continuing debate
about the interplay between form and function in landscape
architecture (section 6.4.2).

3.3. Initial Challenges for Integrating
Ecology and Design
It has been said that ecologists have been happy if they
understand a system while designers are happy if they invent
something new (Charlie Canham, 2007 personal communication
to Alexander Felson). When they meet to collaborate, ecologists
and designers often use identical terms to refer to very
different concepts and practices (Figure 3; Box 1; and Ellison
and Buckley Borden, 2021). A key point of disassociation is that
ecologists consider “ecology” as a single entity and scientific
discipline whereas designers often speak of “ecologies” (e.g.,
Reed and Lister, 2014). Ecologists tend to lack an appreciation
for design thinking and rarely consider concerns other than
ecological criteria (i.e., issues from ecology as a science),
including material constraints, accessibility, and visual cues that
influence site design. On the other hand, design professionals,
environmental consultants, and other practitioners tend to rely
mostly on technical reports, assumptions, and dated ecological
knowledge derived from non-urban systems to inform their work
(Forman, 2002; Johnson et al., 2002). Although designers have
limited time to interpret and synthesize ecological information,
working methods of design are flexible enough to incorporate
ecological input at different stages (Felson et al., 2013b). These
cultural differences, distinct ideologies, vocabularies, methods
and tools, scales of activity, and approaches to work need
to be addressed in any collaboration between ecologists and
designers (Ellison and Buckley Borden, 2021). Working closely
with ecologists to define these methods is a way forward to
ensure that ecological theory informs design outcomes (Felson
et al., 2013b). Landscape ecologists have had the most success
in building collaborative bridges with designers, providing
connections between ecology, sustainability, aesthetics, and
design (Musacchio, 2011). Additional contemporary hurdles that
ecologists and designers navigate are highlighted through our
case study (section 4) and current ecology-oriented designs
(section 5), and elaborated in the final section (section 6).

4. CASE STUDY: JAMAICA BAY, NEW
YORK

We use a single case study to illustrate the complex and
often compromised landscapes in which urban food webs exist
and where ecological concerns and design goals intersect and
may come into conflict. Government management agencies
with limited resources and conflicting demands face daunting
challenges when attempting to reconstruct habitats while
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FIGURE 3 | Ecologists (E) and Designers (D) have different interpretations of and use different words for similarly-named conceptual domains. The interpretations or

words on the left and right are intentionally offset to suggest differences in understanding between the ecologists and designers (paralleled by the form vs. function

“see-saws” in Figure 1 and “sliders” in Figure 10). These differences make it difficult for ecologists and designers to communicate and collaborate effectively. The

interpretations and words are connected through their concepts (center) to suggest opportunities for alignment. Identifying and building on areas of shared interest

and teaching across disciplines can strengthen collaborations between ecologists and designers. Image by Alexander Felson/UED Lab and used with permission.

Frontiers in Ecology and Evolution | www.frontiersin.org 7 April 2021 | Volume 9 | Article 582041

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Felson and Ellison Urban Food Webs

simultaneously managing individual species, food webs, and
human uses. Past land-use practices in and around Jamaica
Bay and what is now Gateway National Park have created a
landscape under stress with limited management options and
opportunities for change. This same location was the site for
influential design competitions in 2007 and 2013 to envision
and propose reworking of the landscape and environment of
Gateway National Park to integrate people with non-human
species, biodiversity, and ecosystems (Brash et al., 2011; Orff,
2016). Together, the case study and design competitions illustrate
a shared interest in geographic scales and site challenges,
suggesting an expanded collaborative role for designers to work
with ecologists in urban food web design and management.

4.1. Managing an Urban Food Web
Jamaica Bay is a 50,586-ha (125,000-acre) saline-to-brackish,
nutrient-rich estuary located in the borough of Queens in
New York City, New York, USA. Jamaica Bay includes the
10,767-ha (20,607-acre) Gateway National Recreation Area of
the US National Park Service (NPS) and the 3,683-ha (9,100-
acre) Jamaica Bay National Wildlife Refuge (NWR) managed
by the US Fish and Wildlife Service (FWS). Positioned at the

intersection of the Atlantic Ocean and the Hudson Raritan
estuary, the area includes forests, wetlands, grasslands, dunes,

marsh islands, mud flats, tidal creeks, and open water. These

ecosystems provide critical habitats for migratory birds, insects,
and fish. Jamaica Bay is home to more than 330 seasonal

and permanent species of regulatory concern or listed status

(including 120 bird species and 48 fish species), and is an
important stop-over site for migratory waterbirds (Rafferty and
Babson, 2015). The extensive habitats of Jamaica Bay historically
supported complex food webs, providing refugia from predators,
feeding, spawning grounds, and nurseries for finfish and shellfish,
and habitat for resident and migrating birds, crustacean species,
and transient and resident fish (Gateway National Recreation
Area, 2007). The horseshoe crab (Limulus polyphemus) is a
central species in the Jamaica Bay food web that connects
it to an intercontinental one (Figure 4). Horseshoe crabs are
fished recreationally and commercially along the eastern US
coast and have been overfished to unsustainable levels in the
northern portion of its range (including New York; Walls
et al., 2002; Smith et al., 2017). Horseshoe crabs also are an
important food source for migratory birds, particularly the
IUCN-designated “near-threatened” Red Knot (Calidris canutus)
and Semipalmated Sandpiper (C. pusilla); Red Knot populations
along their migratory routes are declining in parallel with
declines in horseshoe crab populations (Niles et al., 2009).

Because Jamaica Bay is both a wildlife sanctuary and a place
for recreation, it is managed by several different state and
federal agencies. It has been mapped and designated by FWS
and the US Federal Emergency Management Agency (FEMA)
as a protected beach unit pursuant to the 1982 Coastal Barrier
Resources Act (US Public Law 97-348; reauthorized in 2000
as Public Law 106-514). The New York State Department of
State has designated Jamaica Bay and adjacent Breezy Point
as Significant Coastal Fish and Wildlife Habitats, and the

New York Department of Environmental Conservation (DEC)
has designated portions of the bay as Critical Environmental
Areas.

Despite its multiple layers of legal protection and
management, the amount of habitat and its quality within
Jamaica Bay has declined with increasing urban development
and associated land- (and water-) use changes, including channel
dredging, shoreline hardening, jetty and causeway construction,
sewage treatment operations, and sewage and stormwater
discharge from Queens. Concurrently, sea levels have risen and
islands that once hosted emergent salt marshes have become
intertidal or subtidal mudflats (National Parks Conservation
Association, 2007; Rafferty and Babson, 2015). Horseshoe crab
populations are impacted as much by this habitat degradation
and sea-level rise as they are by overfishing (Smith et al., 2017),
and since 1998 they have been managed by the Atlantic States
Marine Fisheries Commission under the regulatory direction of
the Horseshoe Crab Fishery Management Plan (Kirchoff et al.,
2009).

Working in partnership with several environmental non-
profit organizations, NPS has been tagging and monitoring
horseshoe crab populations since 2013 to determine the
extent of their relationships with shorebird populations and
migration patterns (Gateway National Recreation Area,
2007). The Science and Resilience Institute at Jamaica
Bay built on the extensive research from Delaware Bay to
understand dynamics of the horseshoe crab and Red Knot
(e.g., Kirchoff et al., 2009; Niles et al., 2009) and develop
management actions, including translocation and fishing
restrictions for these species and associated food webs in
Jamaica Bay.

A number of restoration projects have been developed
and implemented in response to the habitat degradation
and loss of salt marshes within Jamaica Bay NWR. A
collaborative interagency restoration project including NPS and
DEC restored and monitored Big Egg Marsh from 2003 to
2008. This restoration project and others completed with the US
Army Corps of Engineers under the Hudson–Raritan Estuary
Comprehensive Restoration Plan (U.S. Army Corps of Engineers,
2012) have improved salt-marsh restoration approaches that are
being used to enhance planning and implementation in other
salt marshes (National Parks Conservation Association, 2007;
Rafferty et al., 2011). These restoration projects also established
collaborative partnerships focused on biodiversity and food-
web development. For example, with each successive restoration
project, partners were increasingly willing to adapt the NPS’s
preference for restoring marshes at higher elevations to support
distinct species assemblages and add resiliency of the system
to sea-level rise. Research also identified effects of hydrologic
modifications, eutrophication, and sea-level rise on salt-marsh
loss (U.S. Army Corps of Engineers, 2012).

Ultimately Jamaica Bay faces many complex challenges
that require coordinated, collaborative efforts not only by
ecologists and designers but also by many other stakeholders and
individuals who use and care about its long-term sustainability.
Two design competitions began the process of envisioning and
developing these efforts.
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FIGURE 4 | The food web of Jamaica Bay has local, continental, and transcontinental linkages, and includes people and marine and terrestrial species, some of

which are of conservation concern. Image by Alexander Felson/UED Lab and used with permission.

4.2. The “Envisioning Gateway” Design
Competition
In January 2007, the “Envisioning Gateway” international
competition invited design teams to propose new visions for the
future of the Gateway National Park. Set up as a collaboration
between the Van Alen Institute, National Parks Conservation
Association, and Columbia University Graduate School of
Architecture Planning and Preservation, “Envisioning Gateway”
sought to tackle the overlapping challenges of this regional
national park. This competition encouraged applicants to focus
on history, recreation, ecology, waste management, access and
transportation, and economic strategies in creating a vision for
landscape adaptation that incorporated the converging fields of

design, science, technology, and art5. The winning entries, from
a pool of 230 entrants representing 23 countries, articulated a
vision for human investment in ecosystems for the sake of the
species alongside the value for humans. They also illustrated
how landscape designers are well ahead of applied ecologists and

5The description framing the competition conveyed this critical intersection of

human and natural concerns: “Gateway presents a significant regional resource

with incredible infrastructural, ecological and cultural value in the New York

metropolitan region, hosting endangered birds, fish and shellfish breeding grounds,

marinas, playfields, and cultural relics. It is also the site of combined sewer outfalls,

treated wastewater effluent, abandoned buildings, degraded habitat, drowned

marshes, former landfills and vast asphalt runways.” See https://www.vanalen.org/

projects/envisioning-gateway/#resources.
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restoration ecologists in their willingness to create truly novel

ecosystems with embedded assemblages of interacting species,
including people.

The overall winning design, “ECOTONES” by Ashley Kelly
and Rikako Wakabayashi (Brooklyn, NY, USA), focused on
“zones of ecological tension...an urban park that creates a
microcosm of shifting habitats, program and landforms.” Their
design proposed that “people should be educated that ecosystems
are in necessary flux, a cycle increasingly complex with today’s
global climate shifts” (Figure 5). The second place winner,
“Reassembling Ecologies” by North Design Office (Toronto,
Canada), focused on “optimal conditions for strengthened
aquatic and terrestrial ecologies in and around the Gateway
National Recreation Park...[and] the need for a stronger
definition of programs and activities for park users and an
enhanced structure that allows for sensitive ecologies and
recreation to coexist.” Reassembling Ecologies also proposed
intertwining salt-marsh habitats with beach-goers and boaters in
way that would have requiring a heightened sensitivity among
human users to avoid the likely seasonal conflicts between people
and nature.

One honorable mention was awarded to [UN]NATURAL
SELECTION by Archipelago Architecture and Landscape
Architecture (New York, NY, USA). This proposal highlighted
differences between classical (rural) national parks focused
on preserving scenic beauty and urban national parks, such
as Gateway, which are “all about human contact with the
environment and the resulting changes that take place over
the centuries. ...[I]n the 21st century we are beginning to
understand that human health and ecology exist within and not
separate from the surrounding environment. Gateway, situated
between the nation’s greatest concentration of humanity and the
ocean, presents a special opportunity to explore the connections
and tensions inherent in this amalgam of ocean, land, air
and settlement.” A second honorable mention was awarded to
Urban Barometer by LOOP|8: ChristopherMarcinkoski, Andrew
Moddrell (Larchmont, NY, USA), which suggested that Gateway
“should be re-designated as a National Eco-urban Research
Zone—a territory that both promotes stewardship of existing
natural and native resources, but also engages in the active
exploration of the relationship between dynamic ecosystems and
ongoing anthropologic urbanization.”

“Envisioning Gateway” was a good first step toward
addressing the complexity of Jamaica Bay but it didn’t take on
many ecological challenges. The competition brief provided only
a habitat-based framing6. In its formulation, it recast ecological
goals in the context of a working landscape in the public realm
and de-emphasized species interactions, food webs, and other
concerns of academic ecologists.

4.3. The “Rebuild by Design” Competition
Six years after the Envisioning Gateway design competition,
“Rebuild by Design” revisited the role of collaborative design
thinking for Jamaca Bay. This global competition was launched
in 2013 by the US government and the Rockefeller Institute in

6https://www.vanalen.org/projects/envisioning-gateway/#sitebrief.

response to Hurricane Sandy7. Designers were invited to address
coastal resilience and flooding from large storms and ongoing
sea-level rise. The winning proposal, “THE SHALLOWS: Bay
Landscapes as Ecological Infrastructure,” was submitted by the
landscape-architecture firm SCAPE and their interdisciplinary
team of ecologists, engineers, and designers (including Parsons
Brinckerhoff, Philip Orton, SeArc Ecological Consulting, LOT-
EK, MTWTF, the Harbor School, and Paul Greenberg) and
clearly illustrated an integrated design-thinking approach to
addressing challenges of habitat restoration, biodiversity, and
large-scale urban food webs.

THE SHALLOWS reimagined how coastal flood
infrastructure could simultaneously reduce flood risk and be a
social and ecological catalyst. It presented alternative hydrologic
regimes and the introduction of a series of architectural habitat
generators, including a “habitat breakwater” and “constructed
reefs” (SCAPE/Landscape Architecture [Kate Orff], 2015).
The breakwater systems were designed to slow erosion and
reduce wave action while also supporting the reestablishment
of marine ecosystems through the creation of distinct niches.
The architectural materials were intended to mimic the distinct
“micro-complexity” of the historic reefs of Raritan Bay, creating
shelter and foraging areas for finfish, lobsters, and shellfish
(SCAPE/Landscape Architecture [Kate Orff], 2015). Like
ECOTONES, THE SHALLOWS has not yet been built8.

“Rebuild by Design” represents a much greater emphasis
on integrating ecology, design, and broader communities in
envisioning and constructing a sustainable future. The results
of the Hurricane Sandy competition and others subsequent to
it point toward a future of stronger collaborations between
ecologists and designers in many urban landscapes.

5. DESIGNING URBAN LANDSCAPES WITH
FOOD WEBS IN MIND

In section 4, we illustrated the growing interest in visions
focused on urban design and construction for biodiversity,
food webs, and ecosystem services that blend nature into
human environments. Work in this area is being led by
designers and landscape architects; ecologists are infrequently
included in the design, engineering, or construction teams.
We recognize that designing food webs—urban or otherwise—
remains aspirational for ecologists (including ourselves) and that
standard ecological approaches, such as species (re)introductions
or removals, habitat restoration, and rewilding to promote
specific assemblages of species are still being developed, studied,
and tested. Although ecological theory tends to be included
sporadically in the design professionals’ toolbox, it is clear
that the goal of establishing stable urban food webs is part
of the growing interest in biocentric design and construction
of biophilic cities. If ecologists can collaborate with designers

7http://www.rebuildbydesign.org/our-work/sandy-projects.
8The low likelihood of winning designs in design competitions actually being built

may dissuade ecologists from working with designers on them. But in the design

community, winning a design competition is a lot like an ecologist getting a paper

accepted and published in Nature or Science!
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FIGURE 5 | ECOTONES, the winning design of the Van Alen Institute’s Envisioning Gateway design competition for Jamaica Bay by Ashley Kelly and Rikako

Wakabayashi. Illustration by Ashley Kelly and Rikako Wakabayashi and used with permission.
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in creating urban landscapes and in managing them, there is
a higher likelihood of creating stable food webs in them. But
pursuing such collaborations will require ecologists to commit to
working in tandem with informed design professionals.

Collaborations between ecologists and designers to date
have led mostly to unintentional (un-designed) food webs
(Figure 2 and section 5.1), but in a few, recent instances,
these collaborations have led to more intentional, designed
ones (section 5.2). In either case, these collaborations have
tended to target vegetation, soil, or water (e.g., Calkins, 2012);
emphases have been on biodiversity and ecosystem services.
Notable examples include the UrBioNet program9 and the
annual International Urban Wildlife Conference10.

5.1. Unintentional Urban Food Webs
We distinguish three types of, or approaches to, the
rehabilitation, restoration, or planting of vegetation and
developing habitats that might eventually support foodwebs.
Each of these approaches will be familiar to ecologists. Although
the eventual occurrence of food webs in these habitats may be
desired, we emphasize that the actual species composition that
may arise usually is unintentional.

First, urban food webs with desirable or undesirable species
may arise spontaneously (Del Tredici, 2010) as “unintended
side effects of land management.” For example, unintentional
foodwebs can assemble in urban stormwater retention ponds or
catch-basins that create wetlands and attract wildlife or act as
refugia for species of conservation concern (e.g., amphibians;
Hassall, 2014; Palta et al., 2017). Depending on their location
and upland land uses, these “refugia” may actually function
as ecological “sinks” (sensu Pulliam, 1988). Similarly, bird
feeders set out by urban and suburban gardeners are used
to attract birds, but may also attract squirrels, black bears,
white-tailed deer, white-footed mice, deer ticks, and spirochetes,
all of which can carry a variety of diseases (Goddard and
Dougill, 2010; Sterba, 2012). In contrast, forgotten clover-
leaves at highway interchanges or abandoned vacant lots,
for example, can support multi-trophic food webs that have
assembled themselves without any human intervention save
for the inadvertent creation of “unused” space (Grewal et al.,
2011).

Second, designers may “let nature take its course” by leaving
a system alone either intentionally or because of lack of time,
knowledge, or resources (see also the “Wildlands” approach
of Foster et al., 2010 and the urban re-greening studied by
Gallagher et al., 2018). Letting nature take its course builds
on the well-established conservation strategy where parcels
of land, typically of relatively high ecological value (e.g.,
waterways, riparian buffers, steep slopes, wetland complexes,
or remnant forest patches), are identified and conserved over
time. Landscape architects also have a history of embracing
aspects of letting nature take its course in their designs.
For example, in remediating degraded sites, Julie Bargmann
(University of Virginia) embraces their beauty and the need

9https://sites.rutgers.edu/urbionet/.
10https://www.urban-wildlife.org/.

to preserve, rather than erase, their histories. Her D.I.R.T.
[Dump It Right There] Studio incorporates an economy of
means alongside urban succession to help reshape and regenerate
post-industrial sites. The goal of Bargmann’s design approach
with “the good, bad and the ugly of post-industrial sites is
to challenge the persistent pastoral ideal. That beauty emerges
through empathy with how that landscape has come to be, what
is latent within it and what potential has yet to be revealed.
Sort of like the story of the ugly duckling that transforms into
a swan11”.

Finally, ecologists and design professionals may intentionally
create habitat using plants (and perhaps new soil); it is then
expected that any desired fauna will colonize the constructed
habitats. Palmer et al. (1997, 2010) has called this expectation
the “field of dreams” hypothesis; we call this approach
“build-it-and-they-will-come.” The build-it-and-they-will-come
approach is used extensively in rehabilitation, restoration,
and regeneration projects (Fraser et al., 2015) and there
are many examples of successful restoration projects using
this approach in natural areas or areas with relatively light
human footprints (e.g., Lister, 2007; but see Palmer, 2009).
The build-it-and-they-will-come approach is being extended by
design professionals who are creating biodversity and hybrid
projects incorporating urban design and restoration ecology;
THE SHALLOWS (section 4.3) includes many build-it-and-
they-will-come aspects. Many other designed landscapes are
exemplars of build-it-and-they-will-come habitats: botanical
gardens (e.g., the Lady Bird Johnson Wildflower Center in
Texas, USA12) and urban nature parks (e.g., Forest Park
in Portland, Oregon, USA13) often host mutualists fauna in
bipartite networks (e.g., plants and their pollinators) or simplified
food webs.

5.2. Intentional, Designed Urban Food
Webs
We also distinguish three broad approaches to the intentional
design of urban food webs. The first occurs through what we call
“ecological theory applied through design,” and includes the use
of foundation species (sensu Ellison, 2019) or ecological engineers
(sensu Jones et al., 1994) to catalyze food-web development. The
second, “research partnerships informing design” involves the
co-development and use by designers and ecologists of deliberate
experiments to enhance designs and create opportunities for
embedded research (Felson et al., 2013a; Ellison et al., 2020).
The third approach, “creative and aspirational ecological design”
includes biocentric design, urban species introductions, and
rewilding (Corlett, 2016; Svenning et al., 2016). As these
intentional-design approaches likely will be less familiar to
ecologists, for each of them we provide an example and elaborate
on their values and constraints. These examples reveal how
intentionality can inspire design thinkers to envision innovative
strategies in urban settings that respond to these constraints

11https://landscapeaustralia.com/articles/interview-dirt-studios-julie

-bargmann-1/.
12https://www.wildflower.org/.
13https://forestparkconservancy.org/forest-park/.
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and create novel circumstances geared toward more successful
outcomes. In section 6, we identify key challenges that can arise
when ecologists, landscape architects, and designers collaborate
on intentional-design projects, highlighting that the different
discipline-based theoretical concepts of form and function can
lead to the parties talking past one another.

5.2.1. Ecological Theory Applied Through Design
Designers have some history working directly with research
ecologists (section 3), but one obstacle has been identifying
ecologists willing to work with designers on projects that
may have limited value as research sites or for conservation
(Felson, 2013). Designers frequently subcontract environmental
consultants to delineate critical habitats (e.g., wetlands) and
secure environmental permits, but they also have a history
of working with professional or academic geographers and
landscape ecologists (Deming and Swaffield, 2011; Musacchio,
2011). Ecologists are increasingly developing theory in areas
that seek to bridge with design and management. Ecological
landscaping, for example, takes a systems approach for
investigating biotic and abiotic conditions, biodiversity, and
ecosystem patterns and processes in urban landscapes (Byrne
and Grewal, 2008). Plant scientists are increasingly engaging
in critical questions about novel urban plant communities,
such as ruderal landscapes (Del Tredici, 2010) and hybrid
native-exotic vegetation, and testing ways in which such
communities can support a rich native invertebrate fauna that
also fosters predatory vertebrates (Hitchmough, 2008)14. Urban
reconciliation with wildlife has focused on living roofs and green
walls (Francis and Lorimer, 2011). Ornithologists working with
designers have contributed expertise on addressing bird-friendly
urban design and building systems to address particular target
species of concern (City of Calgary, 2011; Holloway, 2018).
More recently, entomologists, herpetologists, icthyologists, and
marine scientists are collaborating with designers on designed
rehabilitation and restoration projects (e.g., Ellison et al.,
2020). These collaborations are certainly benefiting the design
professions while creating new avenues for ecological inquiry.

Oyster-tecture (Figure 6) is an example of a design that
incorporated ecological ideas and concepts to create an
ecological infrastructure. The design for Oyster-tecture was
created by the landscape architecture firm SCAPE for the 2010
“Rising Currents” exhibition at theMuseum ofModern Art (Orff,
2010). Configured as an infrastructural armature, Oyster-tecture
proposed using an ecological engineer to anchor the design.
The oyster reefs would simultaneously take up nutrients, remove
toxins from New York’s Gowanus Canal, physically attenuate
waves, and increase habitat around Governor’s Island.

The design in this project occurs at the interface and
integration of the species lifecycle with the urban systems and
fabric. The design reinterprets and restructures the lifecycle of
the organism into different zones of the city to perform an
ecological function. At the same time, the organism contributes
to the aesthetic and form-making of the proposed interventions.

14https://dirt.asla.org/2012/08/22/another-winner-the-london-olympics-

landscape/.

The organism’s lifecycle is overlaid and nested into the urban
infrastructure and remnant ecosystems of the city (Steiner et al.,
2013; Orff, 2016). The outcome is a spatially and temporally
designed lifecycle attuned to the hydrology and industrial
pollution of the city. The oyster would reprogram the harbor
geographically, respond to anthropogenic impacts to the harbor,
and take advantage of urban planning and technology to bring
the oyster as an ecosystem engineer up to the scale necessary
to initiate remediation of the harbor ecosystem (Orff, 2010).
Although this design has not been built, it contributes to the
Gowanus By Design initiative15.

Like the habitat-based build-it-and-they-will-come approach
(section 5.1), Oyster-tecture focused on a single species. But
unlike a plant-based creation, Oyster-tecture had as an explicit
goal that an ecological engineer would catalyze the assembly of
a stable food web. This design proposal went on to influence
multiple subsequent built projects, including SCAPE’s Jamaica
Bay project and the Rebuild by Design Living Breakwaters
project in Staten Island, New York, both of which incorporated
food-web considerations (see section 4.3 and Orff, 2016).
Although ecological designs such as Oyster-tecture seek to
leverage ecological processes, they are distinct from conservation
or restoration efforts. They accept anthropogenic impacts, stress
innovative solutions, and direct attention and resources to
cities where the majority of people live and where investments
increasingly are being targeted for improving wildlife habitats
while providing education about ecology to broader audiences.

5.2.2. Research Partnerships Informing Design
Research partnerships informed the design of the Elliott
Bay Seawall in Seattle (Washington, USA), built in 2017.
The landscape architecture and urban design firm, James
Corner Field Operations, led a large multi-disciplinary team
of structural, coastal, storm water, and geotechnical engineers,
habitat engineers, and an artist to combine infrastructure with
habitat creation as part of a 1,128-m (3,700-ft) public waterfront
and seawall replacement (Figure 7)16. The three primary project
goals were to enhance nearshore marine habitat that would
support the algae and detritus fed on by the preferred prey
of juvenile Pacific salmon (Oncorhynchus spp.), re-establish
an interrupted migration route from natal streams out to
the ocean, and create a high-quality pedestrian promenade
(Sawyer et al., 2020). The team built an elevated seafloor
and “fish-smart” seawalls (Cordell et al., 2017; Morris et al.,
2018) faced with textured substrates. The elevated seafloor
included an engineered pocket beach, a saltmarsh eco-bench,
an offshore rock-kelp-reef system, and a riparian zone all
functioning together as an integrated habitat. The seawalls
simulated the physical configuration of natural shallow-water
habitat, increasing invertebrate colonization (e.g., barnacles) and
abundance of epibenthic invertebrate prey preferred by juvenile
salmon (Toft et al., 2013; Coombes et al., 2015; Cordell et al.,
2017; Strain et al., 2018). Above this belowground corridor is a
pedestrian promenade that includes glass surfaces and perforated

15https://www.gowanusbydesign.org.
16https://www.asla.org/2017awards/320768.html.
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FIGURE 6 | The proposed design for Oyster-Tecture is an example of Ecological Theory Applied through Design. Illustration courtesy SCAPE/Kate Orff, developed for

the Musem of Modern Art’s ‘Rising Currents’ exhibit (2009).

panels to allow light to penetrate and support growth of algae and
other plants. The promenade also serves as an integrated public
realm that engages visitors in understanding marine food webs.
This is also an example of an innovative “broader impact” that
ecologists doing research on designed food webs could realize
through collaborating with designers.

5.2.3. Creative and Aspirational Ecological Design
Alongside the two previous nascent approaches to intentional
design of food webs, more creative and aspirational designs
are emerging that build on investigations of roles that humans
and urbanization play in eco-evolutionary dynamics (Alberti,
2015; Lambert and Donihue, 2020). The recognition that
strong selection occurs in urban areas in response to rapid
environmental changes, and that ecosystem services, stability,
and species interactions are affected on short time scales raise
questions about evolutionary consequences and dynamics in
designed projects. Comprehensive designs of novel ecosystems
are one avenue to addressing these (and other) constraints and
focus on the likelihood of success of alterations to habitats or
landscapes (Hobbs et al., 2014; Kareiva et al., 2018).

An example of a collaborative creative and aspirational project
is the East River Marsh Planter—developed by Ken Smith
Landscape Architect with the first author—that was proposed
for installation along the bulkhead at 34th Street in New York
City (Figure 8; Amidon, 2006). This project was built, but in a
different configuration17.

The original design was intended to be a food-web catalyst
and illustrated a design approach to influencing multiple trophic
structures. Its key design concept is the insertion of an artificial,
technologically managed “interlayer”: pumps bring in water
with organisms from low trophic levels that are inserted into
a series of perforated “planters”—elevated boxes planted with

17https://www.architecturalrecord.com/articles/14187-pier-35-by-shop-

architects-and-ken-smith-workshop.

native saltmarsh cordgrass (Spartina alterniflora). Populations of
these organisms are grown and then reintroduced in an in situ
“production line” to foster food-web assembly in the East River.
In an engaging, educational display of ecological dynamics, the
pumps would flood the planters every morning and evening,
co-incident with people’s daily commute.

The design of the East River Marsh Planter aesthetically
combines ecological principles and technology. The planter
was intended to use engineered soils including hydrogel—a
polymer that holds water—to act as an artificial mud layer
and allay concerns about desiccation in an elevated artificial
marsh. The macroinvertebrate larvae and minerals pumped from
the East River supplied nutrient-rich water for the planters
while seeding them with species occupying a low trophic level,
yet one higher than the plants (“resources”) where build-
it-and-they-will-come projects usually stop. The nutrient-rich
water and the associated invertebrate larvae supported a set of
intermediate-level consumers, including deposit-feeding fiddler
crabs (Uca spp.) and salt-marsh snails (Melampus bidentatus)
located in cells within the planters. A freshwater emitter would
periodically flush out detritus and plankton from the planters
through perforations in their bases, providing nutrient-rich
food for higher-level consumers, including blue crab (Callinectes
sapidus), flounder (Pseudopleuronectes americanus), and brown
bullhead (Ameiurus nebulosus). As mesocosms, the planters
would enable ecological studies of food-web development
and evaluation of the ecological value of habitat design and
restoration strategies. Finally, the ecological mesocosms would be
situated along the routes of>30,000 daily commuters, presenting
ecosystem services to broader audiences in an aesthetically
pleasing way.

The marsh planter is an example of a designer ecosystem

that attempts to balance site constraints with human social and

economic needs. The designers recognized that site conditions

and pressures on organisms have changed, and they sought to

maximize ecosystem services in a human-modified environment.
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FIGURE 7 | The Elliott Bay Seawall is an example of a Research Partnership

Informing Design project. It includes an elevated seafloor and bench

re-established a long-interrupted salmon migration route. The light penetration

and water depth conditions mimic a natural shoreline and provide a refuge

from predation. The precast concrete seawall face panels and habitat shelves

and cantilevered light-penetrating system panels support the salmon migratory

path. Overall, the restoration activities have increased substrate complexity

and epibenthic invertebrate taxa richness. The project team for the seawall

includes WSP (formerly Parsons) (Prime Firm, Program Manager, Design

Manager, Permitting, Environmental Documentation, Procurement, Utilities

Engineering, Geotechnical Engineering, Landscape Architecture, and

Structural Engineering), Magnusson Klemencic Associates (Lead Engineer for

Public Realm and Habitat Design Integration), Perteet and SvR (Civil and

Drainage Engineering), Moffatt and Nichol (Coastal Engineering), COWI North

America and Exeltech Consulting, Inc. (Structural Engineering), Shannon and

Wilson, Inc. (Geotechnical Engineering), Hart Crowser (Habitat Engineering),

Harrison Design Landscape Architecture (Local Landscape Architect),

Haddad/Drugan (Artist), and Jacobs (Construction Management). Image used

with permission from James Corner Field Operations.

The planters themselves are an integral part of a new ferry

terminal; they mark the entrance to the terminal (economic
service) and the design provides educational opportunities to

daily commuters (social service). Although designer ecosystems
and classically managed systems, such as Jamaica Bay (section
4) each blend human social, political, and economic demands
with technology, creativity, and innovation to support multiple
species and provide ecosystem services, designer ecosystems
are much more flexible in the species that are used (e.g.,
not necessarily native) and are more likely to include regular
human interventions to enhance ecosystem services and facilitate
system longevity.

Some rewilding projects also are creative and aspirational.
Rewilding takes re-introductions to a new level by replacing
locally extinct species with either translocated populations of
the same species or ecological “proxies” that can replace the
ecosystem services of extinct species (“trophic rewilding,” sensu
Svenning et al., 2016). Interest in rewilding is growing rapidly,
but is still much debated (Donlan et al., 2005) and criticized
by ecologists (Caro, 2007; Oliveira-Santos and Fernandez, 2010;
Lorimer et al., 2015). Yet, rewilding projects are moving forward.

Trophic rewilding privileges restoring trophic interactions,
not necessarily involving original fauna (Svenning et al., 2016).
Most examples of trophic rewilding involve reintroduction of
missing herbivores (reviewed by Svenning et al., 2016). These can
be succeeded by sequential reintroductions of extirpated animal
species, including carnivores, that foster restoration of ecological
interactions with the remaining flora and fauna (Fernandez
et al., 2017). The reintroduction of wolves into Yellowstone
National Park is the best example of re-establishment of a
trophic cascade following reintroduction (“rewilding”) of a top
predator (Dobson, 2014). An example of urban rewilding is the
reintroduction of two seed dispersers, the red-humped agouti
(Dasyprocta leporina) and the howler monkey (Alouatta guariba)
into the Tijuca National Park18, a 3,953-ha forest fragment
located within the city limits of Rio de Janeiro, Brazil (Fernandez
et al., 2017). Because the Tijuca forest is surrounded by the city,
re-introduced fauna cannot disperse to other forest fragments
(Fernandez et al., 2017). Twenty-five dung-beetle species have
been observed using the howler-monkey dung (i.e., a trophic
effect) and there is the hope that the agoutis and monkeys will
foster forest regeneration (Fernandez et al., 2017).

6. CHALLENGES AND OPPORTUNITIES IN
DESIGNING (FOR) URBAN FOOD WEBS

The examples in sections 4 and 5 are intended to suggest ways
forward for bringing ecologists and design professionals together
in collaborative efforts to deliberately design and study habitats
or landscapes for urban food webs. There are many theoretical,
practical, and cultural obstacles to designing, building, and
maintaining urban food webs and building collaborations
between ecologists and design professionals. In this section we
identify the key challenges and opportunities to address them.

6.1. A New Frontier for Research and
Collaboration
Recognizing existing remnant food webs, cultivating them
through architectural design, and exploring ways to construct
novel urban food webs will require new research and practical
development. Ecologists will need to identify how human
activities have already altered food webs (e.g., Christie et al.,
2010). Design professionals will need to work with ecologists to
translate findings from ecological theory into projects that can
be built and maintained efficiently and cost-effectively. Designers
are particularly keen to apply ecological theory at spatial and
temporal scales relevant to people living in cities (Jabareen,
2013; Mosbach, 2013; Steiner et al., 2013). Designers also bring
aesthetic considerations and methods of translating form into
(ecological) functions and services (and vice-versa). Ecologists
and designers alike need to understand each other’s vocabulary
and aesthetics and work outside their individual comfort
zones to collaborate effectively on the design, construction,
and monitoring of, and research into, urban food webs (see
section 6.4).

18https://www.icmbio.gov.br/parnatijuca/.
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FIGURE 8 | The proposed design for the East River Marsh Planter is an example of Creative and Aspirational Ecological Design. Design by Ken Smith Landscape

Architect; drawing by Alexander Felson and used with permission.

6.2. Ecological Considerations
6.2.1. Biodiversity and Habitats Are Parts of, But Not

a Proxy for, Urban Food Webs
Individual species are parts of food webs (Figures 1A–C) and
recent efforts to identify and enhance biodiversity in cities
(e.g., Kowarik, 2011; Uchida et al., 2021) are a first step in
its appreciation not only by design professionals but also by
the broader public. Yet, knowing there are, for example, many
species of ants on Broadway (Pećarević et al., 2010) or that
there are unique scaling relationships for urban biodiversity
(Uchida et al., 2021) does not describe functional roles of species
in a food web. Urban food webs also may have lower species
diversity and occur in weakly or unconnected habitat patches
(e.g., Start et al., 2020). Such patches in designed and maintained
landscapes may function as habitat sinks or ecological traps for
species in cities, but such sinks rely on ex-urban populations

for replenishment. Ecologists need to identify combinations of
species in multiple trophic levels that can survive and function
in the fragmented landscapes of cities (e.g., Start et al., 2020) as a
prelude to designing habitats that could support urban food webs
(Roudavski, 2020).

(Re)building or restoring urban food webs also will
require habitat rehabilitation co-incident with, or followed
by, management of introduced or undesired species. Such
efforts are already underway in many parts of the world. For
example, the blue-banded bee (Amegilla cingulata) inMelbourne,
Australia, is being actively supported using planted habitats,
but the designers and managers are already considering how to
construct and maintain metanetworks of bee subpopulations
(Mata et al., 2019). Although their approach does not yet
include additional trophic dynamics (e.g., introducing neon
cuckoo bees or bird species that prey on blue-banded bees),
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this build-it-and-they-will-come approach recognizes that food
webs are often anchored by a few key species. Establishing and
managing urban food webs will require additional research and
analysis on how specific species interact with the rest of the
altered regional and urban systems.

6.2.2. Urban Food Webs Integrate Human and

Ecological Concerns
All of the documentation and analysis of non-urban food webs
is unlikely to be captured in cities where human behavior
and urbanization reshape the networks of species interactions
and food webs can unravel and disassemble (McCann, 2012;
Start et al., 2020). Urban environments will be influenced
and constrained by geometry and fragmentation of the urban
habitat matrix. Such influences, constraints, and limitations
range from effects of urban forms (buildings, street layouts, and
landscaping) on local microclimates to hydrological alteration
and interruption of migration corridors at larger spatiotemporal
scales. The sizes, forms, and networks of urban parks,
waterways, gardens, lawns, and street tree populations have
interacting impacts on food-web structure, dynamics, and the
services they provide. Remnant urban food webs are species-
poor, sparse patches surrounded by inhospitable environments
(Start et al., 2020).

Urban food webs occur in human-dominated landscapes and
people often are apex predators (as in Jamaica Bay). Yet, there
are few examples outside of fin- and shellfisheries (e.g., Pauly
et al., 2000; Moreno, 2001; de Boer and Prins, 2002; Reitz,
2004; Essington et al., 2006; Braje et al., 2007; Graham et al.,
2017) of ecological studies of “natural” food webs that include
people as predators, even though people routinely kill (although
rarely eat) herbivores and predators in cities. Ecologists need to
study and understand how human behaviors and desires (e.g.,
controlling or eliminating insects, rodents, or other “pests”) affect
urban food-web dynamics and ecosystem services. Results of
such studies, perhaps included in experiments within designed
landscapes, could help identify critical factors that define or
constrain the management of urban food webs. Ecologists also
need to educate and communicate to homeowners and park
managers that different landscaping practices will have different
effects on food webs. For example, embracing snags and downed
wood as part of our parklands and introducing artificial nesting
environments may sustain food webs whereas raking, removing,
and composting leaves or chipping and burning coarse woody
debris removes critical habitat and trophic connections (e.g.,
Hoyle et al., 2017).

6.2.3. Temporal Dynamics May Be Unappreciated or

Arrested in Urban Food Webs
Like plant ecologists studying succession, animal ecologists have
long appreciated that food webs assemble and change through
time as individual species progress through their life-histories,
some species go (locally) extinct, or other species colonize
habitats that are already occupied (Figure 1D; MacArthur and
Wilson, 1967; Drake, 1990a,b, 1991; Ellison and Gotelli, 2021).
Ironically, most ecological research on food webs has emphasized
their static description (see reviews in McCann, 2012; Ellison

and Gotelli, 2021), but that does not negate the fact that
food webs are dynamic, constantly changing entities (e.g.,
de Ruiter et al., 2005; Pilosof et al., 2017). Ironically, many
restoration projects (regardless of defined baseline) seek to
manage conditions to maintain a specific, temporally invariant
species composition.

Similarly, a specific and temporally invariant species
composition may be desired by city planners, designers, or
clients for designed habitats and urban food webs, Maintaining
these habitats or restored sites to preserve a particular design
or assemblage of species is analogous to arresting ecological
succession (Del Tredici, 2007). Design and restoration goals
often contrast with ecological reality; the former’s emphasis on
planning, cultivation, neatness, rigidity, and status contrasts
with the latter’s emphasis on spontaneity, wildness, messiness,
adaptive, and flux and change (Del Tredici, 2007). Design
practitioners similarly focus on maintenance, whereas
ecologists focus on management. For designers, operations
and maintenance is an ongoing, underfunded challenge,
whereas for ecologists, management is an expected, fundamental
component of habitat or trophic restoration. A central challenge
for ecologists working with designers is to identify and co-
design resilient urban ecosystems while promoting effective and
adaptable experimental management strategies appropriate for
urban sites and human subjects.

6.2.4. Urban Food Webs as Experimental Systems
Restoration ecologists have attempted with mixed results to
reintroduce (or rewild) species (see section 5.2.3; and Caro, 2007;
Svenning et al., 2016; Perino et al., 2019). Some reintroductions
seek to restore ecosystem functions or services (e.g., the
reintroduction of the golden lion tamarin, Leontopithecus rosalia,
in northern Rio de Janeiro; Kierulff et al., 2012; IUCN/SSC, 2013).
Other species may be relocated or introduced into new locations
where they can survive. For example, in the construction of
the Railyard Park in Santa Fe, a population of prairie dogs that
lived on the railyard was deemed a problem for the planned
park; the prairie dogs were relocated to a new location where
they would not come into conflict with people (Chacón, 2013).
The deliberate introduction of species into urban natural areas
has a long history (e.g., starlings and sparrows [Wing, 1943];
arthropods for biological control [Vickery and Kevan, 1983;
Aslan et al., 2014; Evans, 2016]) but these are not considered
as reintroductions or rewilding. Ecologists have a new research
opportunity to consider introductions of predators into urban
environments as a way to study (re)introductions of species into
food webs in the “unnatural” systems represented by cities where
ecological “disasters” or trophic cascades may be of less concern
than they might be in more “natural” (i.e., non-urban) systems
(e.g., Aslan et al., 2014; Egerer and Kowarik, 2020).

6.3. Design Considerations
6.3.1. The Need for Maintaining a Messy Aesthetic
Aesthetic and functional goals are important considerations for
designers. The relationship between aesthetics and ecology as it
relates to landscape design, planning, and management can be
well-aligned or in opposition to one another. Aesthetic goals of,
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for example, scenic beauty or appreciation of nature may map
closely or clash with indicators of ecological quality (Gobster
et al., 2007). Embracing “messy order” as an aesthetic that allows
some geometry and refinement of spaces while allowing for
organic growth to occur will help create habitat to support urban
food webs (Nassauer, 1995). Yet designed landscapes, even messy
ones, need to be maintained in their desired states (see also
section 6.2.3). Parks departments are always challenged to keep
up with maintenance and many designers posit maintenance
issues as the major factor leading to failure of landscape designs
(Aronson et al., 2017; Hoyle et al., 2017; Riley et al., 2018).
Controlling and managing multiple species is difficult enough
in restoration projects (Fraser et al., 2015); keeping food webs
in a desired state will be difficult for already overextended
maintenance crews. Designers need to create robust systems
that have management strategies embedded in the design. This
may be achievable by increasing redundancy within urban food
webs but ecologists still do not know whether or how often
food webs contain functionally replaceable taxa, and which taxa
they might be (e.g., Chalcraft and Resetarits, 2003; Petchey and
Gaston, 2006; Hagen et al., 2012; Gray et al., 2016). Maintenance
staff will need additional training to increase their habitat
management expertise.

6.3.2. Using Design to Change Human Perceptions of

Food Webs
People rarely think about predation, and when they do,
perceptions are generally negative (e.g., Archer-Lean et al., 2015;
Bencin et al., 2016; Miranda et al., 2016; Eshete et al., 2018).
Including food webs in cities will require overcoming these
negative perceptions. Zoos are well-known examples of designed
environments that prioritize persistent form over ecological
dynamics and function. Visitors witness single or interacting
species in artificial, static conditions that are modeled to look
“natural” in immersive exhibits but where actual predator-
prey interactions cannot occur (Figure 9). What are reasonable
designs that could induce favorable perceptions of predation and
inculcate an aesthetic desire for stable food webs (Roudavski,
2020)?Will these designs align aesthetics with ecological function
(Gobster et al., 2007)? Designers must also consider the
challenges of designing and managing urban food webs and
the “cans of worms” that could be unleashed with proposals
that use animals or trophic structures as material components
(Roudavski, 2020).

6.4. Urban Food Webs Require Finding
Common Ground That Recognizes and
Resolves Differences in Language and
Vocabulary
The aforementioned technical challenges of designing (for) urban
food webs are complicated by the differences between ecologists
and designers in aesthetic priorities, desired ecosystem services,
and perspectives about how the world “works” (Gobster et al.,
2007). In short, ecologists and designers speak very different
languages (Johnson et al., 2002; Ellison and Buckley Borden,
2021). In our experience, the crux of these differences lies in

the different meanings, values, and cause-and-effect relationships
between form and function that are used and understood by
ecologists and designers.

Our intent here is not to review the 150 years of ecological
research on food webs (reviewed by McCann, 2012; Ellison and
Gotelli, 2021) or the similarly long debate among architects and
designers on the relationship between form and function. Rather,
we first identify how ecologists define and describe the form
of food webs and measure their function. We then turn to the
aesthetic and intellectual challenges designers face when using
ecological knowledge to design landscapes intended to support
specific ecological functions (e.g., Figures 1D,E; Mozingo, 1998;
Lister, 2007; Musacchio, 2011; Nassauer, 2012; Forman, 2014,
2016; Orff, 2016; Parris et al., 2018).We emphasize that designers’
more fluid perspectives on the relationship between form and
function differs strongly from ecologists’ generally inflexible
expectation that form derives from function (for a notable
exception, see Gould and Lewontin, 1979).

6.4.1. Form and Function in Ecological Food Webs
Ecologists describe the “form” of a food web (which ecologists
also call its “structure”) with illustrations of its network topology
(i.e., food-web diagrams: Figures 1A–C). Structural properties of
food webs (and of networks in general), such as the number of
species (“nodes”), the number of trophic levels, the sizes or traits
of individual species, and the degree to which species are linked
to one another (via “edges”), are system-independent metrics
that ecologists use to compare forms of different food webs
and create general theories of food-web structure (Lau et al.,
2017). The edges of food-web diagrams illustrate predator-prey
interactions or the flow of energy and nutrients between species,
and within and across trophic levels. These edges define the
ecological “functions” or “services” of a food web: processes, such
as production (e.g., Baiser et al., 2013), consumption or predation
(Paine, 1966; Valls et al., 2015), and energy flow (e.g., Borrett,
2014).

Ecologists generally assume that the form (structure or
topology) of a food web is a direct consequence of its
ecological functions (predator-prey relationships and energy
flow between individual species: Figures 1A–C and the set
of images from lower left to upper right in Figure 2). This
idea parallels Sullivan’s 19th-century maxim for designers that
“form ever follows function” (Sullivan, 1896). However, an
ecologist’s “form” is not related to the physical form of a
designer’s habitat or landscape, but only defines the topology
of the food web itself. In support of this hypothesized “one-
way street” on which function defines form, ecological studies
of food webs that emphasize function (bottom-up or top-down
control or fluxes of energy and nutrients) generally pay little
attention to the underlying topology (form) of food webs beyond
identifying particular functional groups of organisms (e.g.,
primary producers, herbivores, carnivores, or decomposers).

6.4.2. Form and Function in Landscape Architecture

and Design
Landscape architects have gone through multiple cycles
of signifying “natural” ecological relationships in designed
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FIGURE 9 | Zoo enclosures are artificial, theatrical spaces where animals are put on display. Only the form of the food webs to which the animal belongs is illustrated;

its sole function is to represent nature. The Hagenbeck Tierpark Zoo near Hamburg, Germany (constructed 1907) was the first zoo to replace cages with open

enclosures and moats and berms to manage animal. The African exhibits illustrate potentially interacting species whose functions in their ecological community are

entirely lost. People standing at the primary viewpoint (indicated in the bottom panel) see an assemblage of species that each occupy their own enclosure. This is an

example of form-driven aesthetics created by perspectival viewpoints. The theatrical arrangement follows functional considerations related to vantage points and

perspective (top and middle panels). Image sources: (Top) Carl Hagenbeck’s Tierpark, Hamburg. 1935. Die Entwicklung des Hauses Carl Hegenbeck (https://www.

davidrumsey.com/luna/servlet/detail/RUMSEY~8~1~299571~90070511:Text--Die-Entwicklung-des-Hauses-Ca; CC BY-NC-SA 3.0); Diagram by Alexander Felson;

(Middle) Plan, Carl Hagenbecks Tierpark, Altona/Stellingen/Hamburg, (https://www.davidrumsey.com/luna/servlet/detail/RUMSEY~8~1~299572~90070510:Plan,-

Carl-Hagenbecks-Tierpark; CC BY-NC-SA 3.0); (Bottom) Diagram by Alexander Felson and used with permission.

landscapes as “forms” (Figure 10; Treib, 1989; Girot, 2016). For
example, in the 17th-century French style of André Le Nôtre
and others, form (as formal composition), not function, was
the fundamental driver of landscape design (form; Figure 10B).

This evolved in the 18th-century English Picturesque style
into complicated overlays of formal composition through the
design of paths and vantages points, with scenes imitating
nature (Figure 10C). In a more “form-follows-function”
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approach, 20th-century Modernist architects stripped buildings
of ornament and other formal devices while embracing
and foregrounding the functional aspects of buildings
(Figures 10D,E). Landscape architecture reinterpreted the
modernist framework with complex geometries and imposed
controls that allowed designers to use plants and soil as
materials, and permitted organic growth and messiness (section
6.3.1; Nassauer, 2012).

Since the simultaneous publication of Design with Nature
(McHarg, 1969) and the emergence of a broad environmental
consciousness, landscape architects increasingly embraced
environmental (“ecological”) systems and strategies. In the last
50 years, designers have alternately moved toward and away
from this embrace as they have struggled to define their role and
determine or prioritize methods for integrating ecology with
design (Spirn, 2000; Johnson et al., 2002). This back-and-forth
is illustrated by comparing San Jose’s Guadalupe Park (1991–
2005)19 with the rooftop garden atop New York’s Museum of
Modern Art (2002–2005)20. Guadalupe Park redesigned an
urban river floodplain into a park (form) that provided flood
control (ecosystem service). Although many areas of the park
are designed to flood, the area of the former floodplain that
rarely floods today includes land forms constructed to look like
a miniature field of drumlins or a ski slalom. These landforms
have little to no ecological function but they aesthetically express
a glacial history and the flow of water. In contrast, MOMA’s
rooftop garden is entirely artificial. This form has no ecological
function, but instead reflects engineering constraints (the load
the room could bear) and a strong and particular aesthetic:
camouflage from surrounding buildings.

In 21st-century practice, the intertwined interrelationships
between form and function are deeply embedded in design but
form is rarely, if ever, derived directly from function. Although
designers seeking certain functions may explore what types of
form produce them (“function follows form”), if a particular
form is desired or specified by a client, a designer may seek the
functions to produce it (“form follows function”). In practice,
designers deal with both form and function. For example,
landscape urbanism (Waldheim, 2016) and parametric design

(Cantrell and Mekies, 2018) claim to explore ecological processes
or applications and their relationships to form, representation,
and materiality. Both focus on surfaces, materiality, and
aesthetics, and provide interacting analysis of these through
process diagrams and graphical layouts that ecologists would find
challenging to interpret or in which to connect form and function
(Figure 1D).

6.4.3. Toward a Common Language
The intentional design of urban food webs links ecological
theory with the performative and functional properties of built
environments. In urban planning and landscape architecture,
form, aesthetics, and desired services (functions) may drive the
design, but only a subset of organisms can be cultivated in, or
otherwise inhabit, a designed landscape. These “simplified” food

19http://www.hargreaves.com/work/guadalupe-river-park/.
20http://www.kensmithworkshop.com/moma-roof.html.

webs can provide new research opportunities for ecologists, such
as testing hypotheses about assembly and temporal dynamics
of food webs and the ecosystem services they provide (sections
6.2.3, 6.2.4). The design process itself requires intentionality in
the formulation of a desired reality (i.e., creation of a designed
habitat or landscape; Figure 10). Designers working alone may
make uninformed assumptions about individual species or
ecological processes. Designers and ecologists working together
with a common language will improve one another’s ability to
incorporate complicated challenges and resolve inconsistencies
or conflicts among design elements in urban ecosystems (Felson
et al., 2013a). Opportunities to intentionally shape urban food
webs arise from the recognition that populations of different
organisms may respond to different cues and configurations
within newly structured conditions in a designed, urbanized
environment. If food-web form can be coupled directly to its
functionality (e.g., Ulanowicz et al., 2014), food webs will be more
appreciated because of their utility to society. If such services can
persist costs-effectively over the lifetime of a project, they could
prove attractive to the clients who might have to pay an initial
premium to incorporate a designed food web into a project. For
example, identification of foundation or keystone species within
food webs (or sub-webs) that could yield desired services (Baiser
et al., 2013) could be a logical and reasonably-priced starting
point for designing a food web into a particular project.

6.5. The Importance of Human Intention in
Urban Food Webs
People add aesthetic and functional criteria that influence the
design of landscapes and will apply similar criteria to designing
(for) food webs. Standard design practice introduces vegetation.
Although food webs often follow, any that do are essentially
unintentional (via the “build it and they will come” approach;
section 5.1). In contrast, deliberately designing food webs using
species introductions or other bio-manipulations of food webs
(e.g., fostering trophic cascades or lengthening food chains),
translocations, or other direct interventions with fauna remains
mostly untested, especially in urban landscapes. Permitting and
regulatory constraints and public concerns about managing or
manipulating wildlife remain formidable hurdles. Urban food
webs are unlikely to be self-sufficient and will require regular
maintenance, including resource inputs and re-introductions, to
preserve and sustain their intended forms and functions. To
ensure that designed urban food webs meet the demands of
clients and public users, they must be monitored and, if contracts
and designs permit, managed, augmented, or adapted. By
working within design constraints, including ongoing designed
experiments, and taking on central roles in managing these
systems, ecologists may be able to direct, accelerate, or slow the
process of food-web assembly and development.

Human intention also will distinguish designed urban food
webs from those embedded in classical ecological restoration
projects. The former should provide services (primarily
utilitarian, but also aesthetic) for people and urban wildlife,
whereas the latter usually are intended to recreate a Prelapsarian
“nature” that pre-dates European colonization or does not
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FIGURE 10 | Representative shifts in the attitude and aesthetics of form and function in landscape architecture (images) and the relative importance of form and

function from ecological and design standpoints (“sliders” below the images). The color photographs illustrate particular designed landscapes arranged in

chronological order. The “sliders” underneath them reflect the relative emphasis of form (dark gray) and function (light gray); the bars above and below the sliders

reflect the qualitative magnitude (Form: left to right = large to small; Function: right to left = small to large) and apparent range (length of the bar). (A) Abstraction and

form influenced a managed forest and waterway converted into a series of pools in a partially constructed natural fountain in the Italian garden at the Villa di Pratolino.

Functions, such as direct path connections and flow of water influenced the aesthetically-driven form of the large forested area and waterway. (B) André le Nôtre’s

French garden, Vaux-le-Vicomte, abstracted nature and carved geometric forms onto the landscape using vegetation, water, and paths. The symmetric landscapes

represented power and created a sense of theater; ecological function was irrelevant. (C) The extensive landscaped park, woodlands, and formal gardens of the

English Picturesque Blenheim Palace (Oxfordshire, England) included clumps of forest arranged around large sinuous water bodies across hills to create a series of

naturalist views. The idea of nature and organic form was crafted through extensive grading and manipulation to imitate nature visually rather than functionally. (D)

Frederick Law Olmstead’s Central Park in New York imported the concepts from the English garden into an urban area and initiated large park designs across US

cities. The park introduced the picturesque and naturalistic style. (E) In the Garden at Villa de Noailles, Gabriel Guevrekian created a highly geometric and

artificially-conceived landscape influenced by Cubist painting. The project was, in part, a critical response to the Modernist assertion that form following function

should drive design. (F) The Lovejoy Plaza (formerly Ira Keller Fountain) by Lawrence Halprin Associates with Angela Danadjieva is part of the Portland Open Space

Sequence. The project introduced a metaphorical mountain cascade that falls through a series of fissured concrete geometric forms to create crags and eddies as

part of a waterfall and adjacent riparian zone. The forms have been aestheticized and turned into stepping and seating platforms. The sound of the water and the

cascading pattern and microclimates mimic the natural mountain cascade. (G) Martha Schwartz’s Minneapolis Courthouse Plaza created a highly orchestrated and

form-driven metaphorical landscape of drumlins and cut logs to represent, respectively, the memory of geological forms and the state’s history of timbering. (H) Gantry

Plaza State Park by Thomas Balsey Associates reclaimed and remediated an industrial waterfront. This project used an organic aesthetic organized around industrial

ruins to create both ecosystem services and programmatic values. (I) Cheonggyecheon is a public recreational retrofit of a former highway infrastructure. The

10.9-kilometer-long (6.8 mi) urban renewal project is built where a stream once flowed. Image sources: (A) Villa Pratolino (https://commons.wikimedia.org/wiki/File:

Pratolino_utens.jpg; public domain); (B) Esther Westerveld (https://commons.wikimedia.org/wiki/File:Kasteel_van_Vaux-le-Vicomte_-_Maincy_06.jpg; CC-BY-2.0);

(C) British Library (https://en.wikipedia.org/wiki/File:A_new_and_accurate_plan_of_Blenheim_Palace_-_L’Art_de_Cr%C3%A9er_les_Jardins_(1835),_pl._1_-_BL.jpg;

public domain); (D) Ingfbruno (https://commons.wikimedia.org/wiki/File:3015-Central_Park-Sheep_Meadow.JPG; CC-BY-SA-3.0); (E) SiefkinDR (https://commons.

wikimedia.org/wiki/File:Cubist_Garden_Villa_de_Noailles_Hyeres.JPG; CC-BY-SA-3.0); (F) Hagar66 (https://commons.wikimedia.org/wiki/File:Portland-

Ira_Keller_Fountain.jpg; CC-BY-SA-3.0); (G) City of Minneapolis (https://msp.world/minneapolis-courthouse-plaza-minneapolis-mn-usa/; public domain); (H) https://

www.newyork-architects.com/en/thomas-balsley-associates-new-york/project/gantry-plaza-state-park#image-10; used with permission; (I) madmarv00 (https://

commons.wikimedia.org/wiki/File:Korea-Seoul-Cheonggyecheon-01.jpg; CC-BY-2.0).
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include humans at all (Jordan and Lubick, 2011). As urban
ecological restoration projects become more common (e.g.,
Ingram, 2008; Clarkson and Kirby, 2016), they increasingly
are using different baselines, creating novel ecosystems, and
anticipating and grappling with both rapid evolutionary
dynamics and human behavior in their design and execution
(Alberti, 2015; Lambert and Donihue, 2020). Whereas successful
restoration projects ideally become self-maintaining, many

require extensive inputs or ongoing maintenance. For designed
urban food webs, management and maintenance will be

required. Building some capacity for self-reassembly or
succession into urban food webs may reduce maintenance,

a key design-criterion for successful and sustainable urban
landscapes.

Finally, we note that intentionality in the process of designing

food webs differs from that of species re-introductions, including
re-population of historic ranges and rewilding of sites (Donlan

et al., 2005; Caro, 2007; Lorimer et al., 2015; Corlett, 2016;
Svenning et al., 2016; Felson and Dugapolski, 2017; Perino
et al., 2019). For example, re-introduction of an endangered

species requires an RFP, a scope of work, permitting, and site
evaluation long before species are re-introduced and monitored

for many years thereafter. With urban food webs, design and
construction considerations are as crucial as the evaluation

and permitting, but the latter are considered rarely, if at all.
Given the critical role that people play in supporting, residing
in, and learning from our urban habitats and ecological areas,
coupling the process of food-web creation with the design
process (Felson et al., 2013b) and exploring form and function
of urban food webs should be seen as opportunities to study and
achieve greater ecological reconciliation and resilience (Felson,
2013).

7. CONCLUSION

As landscape architects are expanding their role as designers and
builders at site-to-city-to-regional scales, they are looking for
research and analysis to guide the form, function, sustainability,
and resiliency of their projects. Even though “biodiversity
planning” may be part of the design process, such planning
rarely extends beyond different kinds of plants or their
pollinators; complete, or at least stable food webs rarely are
considered explicitly. Designers increasingly are seeking to
develop ecological habitats that embrace ecological theory and
foster biological richness and abundance. The opportunity exists
for ecologists to work together with designers to move the design
process to the next level: designing environments for supporting
food webs and designing food webs directly.

To move forward, ecologists and designers will need to
reconsider form and function and how these might play out
in an urban context in relation to constructed habitats that
foster food webs. The predominant focus on function for
ecologists contrasts with the varied philosophical interpretations
of principles of aesthetics and a more fluid relationship between
form and function that continues to emerge in design through
technological advances, adaptations of existing concepts, and

development of new theoretical frameworks. Even though
these disparate stances may make it difficult for ecologists
and designers to find common ground, their dual approaches
must come together in the intentional design of urban food
webs.

Rather than simply providing ecological theory for designers

to interpret and translate into practice, ecologists should

participate directly in the design process (Felson et al., 2013b)
and co-develop strategies based on emerging ecological theory

and ongoing research to create novel food webs and relevant

design strategies that work for cities (Felson et al., 2013a).
These collaborations will help designers expand their own range

of aesthetic and ecologically functional spaces. Establishing

habitat designs and associated food webs that are responsive
to stakeholders will help to inform the intentional design of
urban food webs that make ecological processes visible, lead
to the development of new types of green spaces, contribute
to new aesthetics for parks and recreation, and permit urban
land uses that may be more valuable than a particular restored
ecosystem or one recreated for one or a few specific ecosystem
services provided by food webs (Felson and Pickett, 2005;
Gobster et al., 2007; Aronson et al., 2017). Finally, collaborations
that lead to successful design, construction, and installation of
urban food webs will of necessity expand beyond ecologists and
landscape architects to include urban planners, civil engineers,
transportation planners, and municipal authorities, among many
others. The case study of Jamaica Bay (section 4) and new
directions in designed landscapes (section 5) lay out the
possibility of a future in which ecologists are integral participants
in the design and construction of urban landscapes where
ecological research is a central part of the long-term and ongoing
management of urban food webs and the landscapes they help
create and support.
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