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Abstract  

Urban systems arise from relationships among diverse environmental, social, and technological 

variables. Teaching and learning about them and their sustainability can be challenging: What 

should the focus be and how can lessons and courses be structured effectively? One approach is 

to adopt the “prepositional framework” which refers to ecology in, of, for and with cities (where 

cities means all urban systems). Ecology in the city refers to traditional ecological research about 

biodiversity and ecosystem processes in urbanized places. Ecology of cities focuses on holistic 

examinations of urban systems, including feedbacks among social and ecological variables, 

nutrient flows at larger scales, and ecosystem services. Ecology for cities integrates normative, 

applied perspectives to guide research needed for increasing human well-being and 

sustainability. Ecology with cities emphasizes collaboration, communication and education 

among diverse stakeholders to advance research and its application (e.g., citizen science, 

sustainable urban design). This chapter presents example topics and teaching activities from an 

undergraduate urban ecology course that help students develop integrated, interdisciplinary 

knowledge and skills about ecology in, of, for and with cities. Hopefully these examples will 

inspire others to use the prepositional framework to support student achievement of diverse 

scientific, environmental and sustainability learning outcomes.   
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Introduction 

A central goal of teaching is to help students understand and further investigate patterns 

and processes of the “world” broadly defined. Achieving this aim is not always straightforward 

because many patterns and processes are not observable at spatiotemporal scales perceived by 

human senses nor are obvious without relevant knowledge. Further, many characteristics of the 

world are best understood using abstract representations created by humans, including 

uncommon words (jargon), metaphors, theories, and mathematical equations (Borghi et al. 2018, 

Desai et al. 2018). Among such abstractions, conceptual frameworks help organize ideas to show 

interrelationships among variables and terms (e.g., Wald & Daniel 2020). Such frameworks 

establish common languages that can catalyze shared understanding, effective communication 

and collaboration among diverse people (including teachers and students). Developing and 
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comparing different frameworks can also reveal divergent views and facilitate finding common 

ground. Frameworks are especially important in environmental sciences that focus on interacting 

variables which exist over many spatiotemporal scales (e.g., Groffman et al. 2004a, Scherer et al. 

2017).  

Among the most complex environmental systems are those in which humans are a 

dominant driver of patterns and processes. This includes urban areas, conceptualized as social-

ecological-technological systems (SETS), for which many frameworks have been developed that 

provide excellent starting points for teaching and learning about them (reviewed in Zhou et al. 

2021). For example, near the beginning of my undergraduate urban ecology course, I have 

students compare four different foundational conceptual frameworks that integrate natural and 

social sciences (Grimm et al. 2000, 2008, Alberti et al. 2003, Pickett and Cadenasso 2006). In 

small groups, students identify their strengths and limitations to understand the complexity of 

urban SETS and need for interdisciplinary approaches to effectively manage and improve their 

biodiversity, ecosystem services, capacities to promote human health, and overall sustainability 

(McPhearson et al. 2016).   

Such interdisciplinary teaching about urban ecology has received increasing attention 

(e.g., Berkowitz et al. 2003, Barnett et al. 2011, Tidball and Krasny 2011, Biberhofer and 

Rammel 2017), and the scientific foundations to support courses about urban SETS is well 

established. However, educators may find the breadth of topics overwhelming to adapt into 

courses, syllabi and lessons. Likewise, students may find the study of urban SETS challenging 

because it requires skills for abstract systems thinking. Indeed, teaching and learning about 

complex urban systems is inherently difficult for people of all levels and backgrounds: Where 

should one begin and how is best to proceed? (For more discussion about this question and 

example learning activities, see Schmitt-Harsh and Harsh (2017).)  

A prominent way that the study of urban SETS has been organized is using four main 

topical areas described by the “prepositional framework” (Byrne 2022). This approach 

categorizes research and knowledge about urban areas as “ecology in, of, for and with cities.” 

Pickett et al. (1997) first articulated the in and of phrasing with further description and expansion 

by others (e.g., Grimm et al. 2000; Pickett et al. 2001, 2016; Childers et al. 2015; Grove et al. 

2016; McPhearson et al. 2016; Byrne 2021).      

The goal of this chapter is to describe use of the prepositional framework to organize an 

interdisciplinary urban ecology course using examples from my advanced undergraduate course, 

which was developed for students majoring and minoring in environmental science, biology and 

sustainability studies. Brief descriptions of how each of the prepositions relate to the study and 

management of urban systems are provided in the following sections, alongside example topics 

and teaching resources. My intent is not to be prescriptive nor offer a fully-formed course outline 

and lessons; instead, I aim to be inspirational by offering a general structure and illustrative 

activities that instructors can adopt and develop based on their course contexts and objectives. 

Though my experience is in higher education, I expect that the framework and some ideas below 

are relevant to K-12 teaching, for which others have reported urban environmental education 

initiatives (e.g., Barnett et al. 2011, Abu Baker et al. 2015, Russ 2015, Aloisio et al. 2018, 

Oliveira et al. 2021; also see Berkowitz et al. 2003 and resources at 
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https://academics.lmu.edu/cures/partners/k12teachers/urbanecolab/). At all levels, more 

educational efforts about urban SETS are needed given increasing rates of urbanization and their 

relevance to pursuing a more sustainable future for life on earth. The urban prepositional 

framework serves as a logical starting point for helping students think about and more effectively 

engage in diverse SETS around them.    

Ecology in Cities 

Most early urban ecology research investigated traditional ecological variables using 

standard methods to describe basic patterns and processes. This approach, labeled ecology in 

cities, focuses on abiotic conditions (soils, temperature, water, etc.), non-human organisms (their 

behaviors, resource use, survival, reproduction, etc.), populations (abundance, distribution, 

growth), communities (composition, interspecific interactions, food webs) and ecosystem 

processes (biogeochemical cycles, energy flow) of urban-impacted, outdoor places (Pickett et al. 

2001, 2016). Though data about these variables can be collected independently, a main goal of 

urban ecologists is to integrate them to understand the interacting drivers, including 

anthropogenic ones, of larger-scale patterns of urban biodiversity and ecosystem functions (e.g., 

Aronson et al. 2014, Kaushal et al. 2014). Further, comparing urban and non-urban places helps 

elucidate differences between them to deepen understanding of how urbanization impacts 

ecological variables (McPhearson et al. 2016). To this end, the basic ecology of uniquely urban 

habitats like lawns, gardens, and vacant lots is of particular interest since they represent much of 

the “nature” of urban systems (e.g., Byrne et al. 2008, Rega‐Brodsky and Nilon 2016).  

To introduce students to ecology in cities, attention-grabbing, unique stories and imagery 

can be used, such as a rat stuck in a manhole cover (Held 2019); birds nesting in odd places 

(BoredPanda 2015); and otherwise-arboreal koalas moving on the ground through urban 

landscapes leading to unexpected interactions (Siossian 2018) and deadly outcomes (Buttigieg 

2019). The scientific literature is extensive enough that examples can be found to reflect the full 

range of topics within a general ecology textbook (e.g., McPhearson et al. 2016). An example 

lesson from my urban ecology course is the student-led “birds & bugs search, share & synthesis” 

(Byrne, forthcoming) for which each student chooses a peer-reviewed article about urban 

arthropods or birds, presents it to the class (with one or two slides) and then works with a small 

group to write a synthetic summary and follow-up research questions (also see Chapter 6 this 

volume).  

Studying basic ecological patterns in urbanized environments may not seem exciting or 

relevant to some students. However, it is foundational to solving problems relating to 

biodiversity conservation, environmental quality, human health and sustainability. This can be 

emphasized through ecology-in-cities lessons that support connecting basic and applied ecology 

issues, e.g., managing endangered, invasive, pest and disease-causing species. For example, to 

mirror a larger societal controversy, students can evaluate studies about the impacts of domestic 

cats on urban biodiversity and debate their accuracy, interpretation and relevance to decisions 

about controlling outdoor cats (e.g., Loss et al. 2018). Such examinations help open students’ 

eyes to the need for reliable biological and environmental knowledge to guide informed 

management decisions (which are central to the for and with approaches below). In addition, 

basic variables included in the study of ecology in cities are required to understand the ecology 

of cities.  

https://academics.lmu.edu/cures/partners/k12teachers/urbanecolab/
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Ecology of Cities 

Ecology in cities is a reductionistic approach that, while generating valuable and 

necessary knowledge, is insufficient to fully understand urbanized places. This has led to more 

holistic studies that examine urban SETS as single, integrated entities with emergent properties 

(i.e., the urban place is the system, rather than a set of independent variables and systems) 

(Pickett et al. 2001, 2016, Zhu et al. 2021). From this ecology-of-cities view, several key insights 

emerge that are now accepted as central to urban systems science. First, a fuller range of social, 

technological and infrastructural (e.g., sewers, roads) variables must be considered as drivers of 

ecological variables, which can in turn affect the former through interconnected feedback 

relationships. This contrasts with the in view which places ecological variables at the center of 

study (i.e., the dependent variables impacted by humans and urbanization) while largely ignoring 

how they affect other parts of the system.  

Second, the of perspective underscores the need to examine urban systems at larger 

scales including landscapes, watersheds and regions which have emergent properties arising 

from interactions among their sub-systems over long timeframes. Such expanded spatiotemporal 

analyses support integrated measurement of urban systems’ metabolism (energy and nutrient 

flow through environmental, social and infrastructure components); ecological footprints; 

resilience to disturbances; relationships with surrounding ecosystems (e.g., food imports from 

rural areas); and impacts on larger-scale biodiversity patterns (e.g., regional species loss) and 

ecosystem processes (e.g., cities’ greenhouse gas emissions) (Pickett et al. 2001).  

Third, and highly relevant to the for and with perspectives, this more holistic outlook 

leads to explicit consideration of human lives and social variables (ethics, economics, aesthetics, 

etc.) within the scope of urban ecology. In turn, this has spurred scientists to study how 

ecological variables are translated into urban ecosystem services: the benefits that humans 

receive from ecosystems, including material goods, processes and conditions that create healthy 

urban living conditions (reviewed in Ziter 2016 and Tan et al. 2020). Altogether, these and other 

insights build on those from the ecology-in view to generate a more systemic understanding of 

how diverse social, technological and biophysical patterns and processes interact to form a 

variety of complex, dynamic urban systems, from neighborhoods through towns, cities, 

metropolitan regions and even the entire urban-impacted Earth system.  

Studying the ecology of cities is likely to be more challenging for students because it 

requires interdisciplinary, synthetic, systems-level thinking skills. However, I have effectively 

helped students develop their comprehension with a few lessons. First, I broaden their 

perspective about relationships between ecological and sociocultural variables using the case 

study of lawns and gardens (described in Byrne 2015; the instructor guide can be obtained by 

contacting me). As part of this lesson, I share research revealing that household socioeconomic 

variables (e.g., income) help explain plant abundance and species richness in ornamental 

gardens, a pattern known as “the luxury effect” (Leong et al. 2018) and “an ecology of 

prestige” (Grove et al. 2014). Similarly, people’s diverse aesthetic preferences are important 

drivers of urban biodiversity; having students discuss the perspectives of Nassauer (1988) and 

Byrne and Grewal (2008) facilitates reflection about why people want urban environments to 

look a certain way and, in turn, how their appearance can feed back to social systems by 
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affecting ecosystem services and choices about how lawns and gardens should look to improve

their sustainability. In this way, lawns and gardens are an excellent focus for developing insights 

about the value of the of-cities’ holistic, multi-scale approach. 

To help students think about urban systems across different spatiotemporal scales, I have 

them present to the class one of five papers that used different subjects, methods and scales to 

exemplify how scientists study the ecology of cities (households: Fissore et al. 2011; city: Baker 

et al. 2001 and Moore et al. 2013; watersheds: Groffman et al. 2004; continental: Cubino et al. 

2019). Using Socratic questions about each paper alone and then for the whole set, I help 

students develop their own mental models about how social, ecological and technological 

variables can be integrated to generate holistic understanding of urban SETS and their 

spatiotemporal dynamics. Each of these papers can also be discussed in the context of ecosystem 

services and sustainability to link basic and applied concepts. For that, I have used a teaching 

activity which asks students to critically evaluate research and rhetoric about the effectiveness of 

green roofs to provide ecosystem services and improve the social-environmental quality of urban 

systems (Crispo 2016). Such lessons nicely illustrate the ecology-of-cities view while also 

providing a helpful bridge to the next preposition in the framework: ecological knowledge 

needed for improving the quality and sustainability of cities and people’s lives.   

Ecology for Cities 

Reflecting broader trends in science, scholars have increasingly conducted studies 

directly relevant to decisions about how to better design, manage and live in urban SETS. Such 

applied, use-inspired, actionable research and knowledge are encompassed by the recently 

described perspective of ecology for cities (e.g., Du Toit et al. 2014, Grove et al. 2016, Zhou et 

al. 2019). Integrating and extending the in and of views, ecology for cities is an explicitly goal-

driven, interdisciplinary approach that adopts insights and methods from urban planning, 

engineering, governance, ethics and other fields relevant to decision making and communicating 

with stakeholders (Childers et al. 2015, Grove et al. 2016, McPhearson et al. 2016, Pickett et al. 

2016). This view recognizes that urban residents, policy makers, planners, managers and others 

can and should influence the types of questions that urban scientists investigate, inspiring them 

to more thoughtfully consider the types of information needed to address the practical, everyday 

challenges faced by urban communities (e.g., environmental justice, managing biodiversity, 

restoring ecosystem services, reducing pollution, mitigating effects of climate change). At the 

same time, the scientific integrity of such projects should be maintained with rigorous, objective 

methods and data analyses (Pickett et al. 2016). Though the phrase ecology for cities is relatively 

new, exemplary applied research and perspectives have a long history, providing plenty of 

material for urban ecology courses.  

Ecology-for-cities lessons are valuable because they support broader educational goals 

such as developing skills for critical thinking, evaluating evidence, and communicating 

effectively, especially related to translating scientific ideas for general audiences. Focusing on 

evidence-based decision making in “real world” contexts lends itself well to helping students 

consider how science can be used for addressing urban social-environmental and sustainability 

issues. For example, as part of lawn-and-garden-ecology lessons, I have introduced the topic of 

conservation biological control using data about how landscape management affects populations 
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of predatory arthropods that consume harmful pests (which doubles as a lesson on urban food

webs; e.g., Kunkel et al. 1999, Ellis et al. 2005, Shrewsbury and Raupp 2006). Students are then 

asked to prepare a memo for campus landscape managers about actions to help conserve 

beneficial biodiversity, enhance the ecosystem service of pest consumption, and reduce pesticide 

use. Also related to biodiversity management, Hane and Korfmacher (2022a, b) describe a pair 

of activities in which students actively engage in ecology-for-cities practices by designing 

“insect hotels” and campus outdoor spaces to achieve conservation and restoration goals.  

Another exemplary topic related to for cities is urban greening programs, especially in 

context of using basic ecological science for informing tree-planting decisions. An exemplary 

activity I have used begins with students examining data about the role of different tree species 

in releasing volatile organic compounds (VOCs) that contribute to formation of ground-level 

ozone pollution (Crumrine 2016). Then students read Churkina et al. (2015) to learn about tree 

species that form fewer or no VOCs, and then discuss how such information relates to the social 

and ecological trade-offs surrounding people’s planting choices (e.g., some low-VOC-emitting 

trees may have negative effects on other variables; some high emitters are more suitable for 

certain locations). Similarly, students can be introduced to the growing body of research about 

where new trees should be planted to help reduce the urban heat island effect and its negative 

health outcomes (e.g., Grabmeier 2021). Such topics can help students develop deeper 

understanding of how the in, of and for perspectives inform each other (e.g., the goals of 

cleaning and cooling cities’ air has led to research about abiotic conditions, tree physiology and 

where to install new trees) by exemplifying how basic science is relevant to social concerns like 

environmental racism and justice (marginalized, vulnerable communities often have fewer trees 

and thus hotter conditions; e.g., see Popovich and Flavelle 2019 and the activity by Long 2016). 

An emerging tenet of such applied research—and the community-oriented projects it informs—

is that working with stakeholders is integral to successfully identifying local problems and 

implementing solutions. This insight points to the fourth dimension of the urban ecology 

prepositional framework.     

Ecology with Cities 

Alongside increasing applied research for societal goals, another trend in science is to 

directly collaborate with people in the processes of data collection, learning, and evidence-based 

decision making. Such methods challenge scientists to consider different research and teaching 

methods because just generating information for people (and giving it to them) will not always 

catalyze desired changes. For urban contexts, the phrase ecology with cities was proposed by 

Byrne (2022) to encompass the many ways of engaging and communicating with students, 

citizens, policy-makers, managers, planners, and others (also see Grove et al. 2016). These ways 

include citizen/community science, participatory action research, stakeholder engagement, 

democratization of science, co-production of knowledge, urban designed experiments, civic 

ecology, and translational ecology (see references in Byrne 2022). In education, pedagogies that 

have students work with information and each other to develop their own knowledge through 

active engagement (rather than passively listening to lectures) is known as learner-centered 

teaching (Byrne 2016); this approach reflects ecology with cities because it emphasizes the 

learner’s role in collaborating with the teacher to achieve learning outcomes, including 
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knowledge about how students can generate positive changes in the urban SETS in which they 

live and work.  

Students can be introduced to the with perspective by examining and evaluating case 

studies of community gardening, tree planting and restoration projects that involved local people 

in their design and implementation (e.g., Sipilä and Tyrväinen 2005, Moran et al. 2019). Urban 

citizen science projects can be analyzed to learn about methods for engaging people in studying 

their local environments (e.g., Taylor et al. 2021). For deeper engagement, students can be given 

opportunities to collect data for existing projects (e.g., for birds: 

https://celebrateurbanbirds.org/cub/instructions and fireflies: https://www.massaudubon.org/get-

involved/community-science/firefly-watch) or partner with a local organization to complete a 

service-learning project (Tidball and Krasny 2011). In my class, some students helped a local 

conservation committee by investigating how communities around the U.S. reduced impacts on 

water quality from lawn fertilizer and making recommendations for effective actions. For 

another project, sustainability majors worked with campus landscape managers to research, 

design and build a nesting platform for osprey, a coastal bird-of-prey. In such projects, a key 

goal is for students to learn about the need to and how to communicate and collaborate 

effectively with stakeholders (see Chapters 5 and 18, this volume). This, combined with 

discussions of other ecology-with-cities examples, will help prepare them to become more 

effective urban stewards and leaders who engage with others to improve the sustainability of 

urban SETS.  

Conclusion 

Urban ecology’s prepositional framework organizes the field’s diverse interdisciplinary 
themes into a simple, accessible outline. Thus, it provides an effective approach to teaching and 

learning about the complexity and often abstract nature of urban SETS because it can help 

students organize and synthesize their knowledge. Further, the four prepositional categories 

overlap and have feedback relationships. For example, data about ecology in cities informs 

ecology of and for cities; goals developed from an ecology-for-cities view can influence in and of 

research agendas. This can help facilitate development of students’ systems thinking skills for 

integrating insights from all four perspectives. In addition, an urban ecology course designed 

using the prepositional framework emphasizes the value of generating and using scientific 

evidence while working with diverse stakeholders to study and manage complex urban social-

ecological challenges. To that end, I hope this chapter will inspire others to develop rich, learner-

centered lessons that help students understand the many basic and applied dimensions of urban 

ecology and how to help transform urban SETS into healthier, more sustainable places for 

everyone.    
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