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Abstract 

More trained ecological restoration (ER) practitioners are needed to offer tangible 

solutions to widespread problems of ecosystem degradation. I developed educational resources 

and activities to support students as they learn to complete ER site assessments (SA), by building 

pertinent ecological knowledge and enhancing critical skills in observation, analysis, and 

communication. A grounded theory literature review of ER texts established current practices for 

SA. Subsequent interviews with restoration experts validated, explored, and expanded on key SA 

competencies. I combined the ADDIE model for curriculum design with place-based, problem-

based, experiential approaches to create activities that can develop fundamental SA skills, foster 

ecological stewardship, and enhance people’s ability to “read the landscape.” This curriculum 

should help students hone their senses, sharpen their awareness of biophysical conditions, learn 

to meaningfully interpret the parts and processes of natural systems, and understand and 

communicate within the socio-cultural contexts that shape ER projects. 
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Chapter 1: Introduction and Problem Statement 

Humans, like all animals, have always intervened in the living world (Murcia & Aronson, 

2014), but especially in the last two centuries this “tinkering” has destroyed many ecosystems. 

The rate and scale of destruction of the biosphere is particularly alarming since our basic life 

support services are in jeopardy (Rockstrom et al., 2009; Starke, Assadourian, & Prugh, 2013). 

All hands on deck are needed to repair ecosystems that have been degraded and to bring 

ecologically destructive activities back within planetary limits (Krasny & Tidball, 2012). 

Ecological restoration (ER)—the practice of intervening to restore ecological integrity—offers 

tangible solutions to widespread problems of ecosystem degradation (Higgs, 2003; Jordan & 

Lubick, 2011; Knight & Riedel, 2002; Society for Ecological Restoration, 2015; Suding et al., 

2015).  

As an applied field, ecological restoration (ER) is a practical and hopeful way to mitigate 

ecologically destructive human activities by “assisting the recovery of ecosystems that have been 

degraded, damaged, or destroyed" (Society for Ecological Restoration Science and Policy 

Working Group, 2004, p. 3). Restoring degraded land is critical to conserve biodiversity, 

mitigate and adapt to climate change, enhance ecosystem services, foster sustainable 

socioeconomic development, and improve human health and well-being (Society for Ecological 

Restoration, 2015). 

To meet this collective global challenge of restoring the earth’s living systems, we need 

more trained restoration practitioners. One way to support the expansion of ER is to ensure 

adequate educational resources and programs exist to help newcomers become competent 

practitioners (Aronson, 2010; Buchanan, 2007; Cabin, Clewell, Ingram, McDonald, & 

Temperton, 2010; Ewing & Gold, 2011; Nelson, Schoennagel, & Gregory, 2008).  
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My thesis project uniquely joins theories of curriculum design from the field of 

environmental education with the skills and knowledge required of ecological restoration 

practitioners. In this thesis, I examined the state of ER practice and training, analyzed curriculum 

challenges and opportunities, and suggested a suite of new approaches educators can use to help 

their students understand ecological theories and practice restoration techniques. 

Practicing Ecological Restoration 

As the ER field grows through research and practical experience, best practices continue 

to evolve. In 2012, the International Union for the Conservation of Nature (IUCN) published 

succinct guidelines for best field practices, using case studies to illustrate how these practices can 

be “effective, efficient, and engaging” (Keenleyside, Dudley, Cairns, Hall, & Stolton, 2012, p. 

16). To provide a sense of the scope of restoration project tasks, the discrete sequence of steps, 

and the range of actions restoration practitioners (RPs) typically undertake, I refer to the seven 

management steps outlined in the IUCN document (2012, p. 54) and listed here: 

• Phase 1: Define the problem and engage stakeholders: Define the restoration 
problem that needs to be addressed, including likely costs; Ensure initial 
stakeholder engagement; Develop a communication strategy. 

 
• Phase 2: Assess the problem: Assess site conditions; Identify reference 

ecosystem(s) and the departure of current conditions from desired conditions; 
Carry out an environmental and social impact assessment, if necessary; Ensure an 
information management system is in place. 

 
• Phase 3: Develop Ecological Restoration Goals: Develop restoration goals and 

outcomes. 
 

• Phase 4: Develop Ecological Restoration Objectives: Identify measurable 
objectives and consider preliminary monitoring design. 

 
• Phase 5: Design Ecological Restoration Approach: Define the project’s scope, 

consider a range of options, and select the most suitable; Develop an 
implementation plan; Develop monitoring plans, including criteria and indicators 
for processes and outcomes 
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• Phase 6: Implement Ecological Restoration Approach: Carry out the 
restoration project; Communicate progress according to the communication 
strategy. 

 
• Phase 7: Implement Adaptive Management: Use appropriate adaptive 

management tools, active or passive; Monitor and evaluate the results of 
restoration; Adjust, as necessary, Phases 5 and 6, and occasionally Phase 4 based 
on evaluation results; Communicate results and continue, as appropriate, with 
stakeholder engagement.  

 
 

The Need for an Ecological Restoration Curriculum 

If we are to support novice ER practitioners as they learn to practice restoration, we need 

engaging educational resources that communicate the ecological and social knowledge and the 

practical skills required to execute ER projects. Introductory courses often address theoretical 

principles of restoration ecology—the science of intervening in natural systems— and the hands-

on skills needed to restore degraded land, but especially for such an interdisciplinary and applied 

field, there is room to enhance the quality of curricula (Bakker & Howell, 2011; Higgs, 2005). 

Moreover, while many resources focus on how to restore landscapes, few resources exist for 

educators that explore the variety of ways this knowledge can be taught. 

Among many ER texts that explain how to approach ecological restoration projects, one 

of the most often cited papers is The International Primer for Ecological Restoration, published 

in 1989 by the Society for Ecological Restoration (SER). The second edition, released in 1994, 

has been translated into eight languages, and is the most frequently used introductory text for ER 

courses (Bakker & Howell, 2011). The SER also publishes a textbook series, in association with 

Island Press, that now includes more than eighteen titles, each with a unique focus on different 

aspects of restoration work. Many other books, peer-reviewed articles, popular articles, and 

conference proceedings also document the evolving theory and best practices on which ER 
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practitioners draw (Apfelbaum & Haney, 2010; Keenleyside et al., 2012; Society for 

Ecological Restoration, 2004; Traynor, Rieger, & Stanley, 2014).  

Such resources are invaluable in a field that is as multidisciplinary and broad in scope as 

ER, but in the absence of explicitly designed teaching texts—documents that draw on curriculum 

design theory to communicate their content—much of the potential impact of the available 

literature may be lost to students and new practitioners. If more people are to carry out the 

critical work of ecological restoration, we need educational resources that can help newcomers 

develop the knowledge, perspectives, and practical skills that are used to carry-out effective 

restoration work.  

To narrow the focus in this thesis, I specifically investigated methods to instruct students 

in site assessment, a key component of every restoration project and “Phase 2” in the IUCN 

guidelines. The objective of site assessment is to detail “the problem,” including a review of site 

conditions, consideration of what the conditions should ideally be, and a determination of the 

potential environmental and social impacts of restoration (Keenleyside at. al. 2012). In other 

words, the task of site assessment rests fundamentally on one’s ability to read the landscape.  

As an environmental educator, I see many additional benefits to focusing on the site 

assessment phase, in addition to its importance in ER projects. The practice of site assessment 

involves direct, hands-on experience to interpret ecosystems and understand how they co-exist 

with human systems. Cultivating this understanding of the natural world offers people the 

opportunity to form strong connections with nature, which have numerous, well-researched 

benefits (Chawla, 2015; Nisbet, Zelenski, & Murphy, 2009; Orr, 1994; Ryan et al., 2010; Sobel, 

2008; Thomashow, 1995). Connection to nature, for example, can catalyze environmentally 

responsible behavior and improve health and well-being (Bratman, Hamilton, & Daily, 2012; 
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Cervinka, 2012; Hoot & Friedman, 2011; Nisbet, Zelenski, & Murphy, 2011; Ward 

Thompson & Aspinall, 2011).  

In the course of their work, ER practitioners have the opportunity to strengthen this 

connection as they develop an intimate knowledge of their project site and the surrounding 

landscape, but there are also potentially much broader impacts. I suspect the more that people in 

general understand how ecosystems work and can competently assess an ecosystem’s condition, 

the more likely they are to be dedicated to the practice of restoring the earth. If this is the case, 

teaching site assessment knowledge and skills would not only help ER practitioners directly with 

their work, but may well improve their connection to nature, with a beneficial feedback on their 

motivation to learn more about ecosystems and to restore them. 

Regardless of whether this is the case, collectively, to continue to benefit from the many 

ecological services that intact ecosystems provide, we desperately need to restore land that has 

been degraded by human activity. To achieve this goal there is a strong impetus to increase the 

number of people who can effectively do ecological restoration work. Given this context, I see 

an opportunity to expand the number of high quality resources to teach ER practitioners to 

perform site assessments with restoration goals in mind. 

Project Goals and Research Question 

I used my thesis to develop a set of educational resources and activities to support 

newcomers to the ER field as they learn the observational and analytical skills needed to 

interpret site conditions. To guide this project, I asked: “What socio-ecological knowledge and 

ways of knowing help ecological restoration practitioners more effectively observe and interpret 

local site and landscape conditions?”  
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I answered this question in two ways. First, to generate content for an 

educational resource, I completed a systematic review and synthesis of published information 

about the site assessment phase of ER projects using a grounded theory literature review method 

(Wolfswinkel, Furtmueller, & Wilderom, 2013). I then interviewed ER experts to provide 

feedback and further insight into the themes that arose from the literature review. I used the 

findings from my research to create an activity book to help ER students develop their site 

assessment knowledge and skills. My goals, objectives, and methods are outlined in Figure 1. 

Research Goals Objectives Project Phase 
To create a useful 
and engaging 
educational resource 
to help ER 
practitioners learn to 
effectively complete 
site assessments for 
restoration projects. 

• Synthesize the best current published 
wisdom for practicing ER site assessments. 

Method 1: Grounded 
theory literature 
review. 

• Validate and expand this synthesis. Method 2: Interviews 
with ER practitioners 
and academics. 

• Develop an educational resource for 
teaching site assessments. 

Method 3: Apply 
environmental 
education and 
curriculum design 
concepts to create an 
activity book. 

To connect people to 
nature and inspire 
them to restore 
living systems in 
their communities. 

• Describe how to launch my project from its 
form as proposed in my thesis into a 
resource ready to use in ER instruction.  

Discussed in Chapter 
5: Curriculum Design 
for Site Assessment 

Figure 1. Thesis project goals and objectives. 
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Chapter 2: Theoretical Influences 

Two key influences framed this project: first, the resources that exist to train novice ER 

practitioners, and second, the environmental education concepts I used to design curricula. 

Below, I review the pedagogical literature in that order. I review the site assessment literature in 

depth in Chapter 4, following a description of my analytical approach in Chapter 3. 

Part I: Training Ecological Restoration Practitioners 

A Multi-disciplinary, Broad, and Evolving Field. 

The multidisciplinary nature of ER is a major challenge when training practitioners 

(Harris, 2010; Higgs, 2005; Lambert, 1999). While the practical work of ER focuses on restoring 

natural systems, practitioners must draw on theoretical insights from many environmental 

disciplines beyond restoration ecology including conservation biology, ethnobotany, 

environmental resource management, sustainability science, various sub-disciplines of ecology 

(eg. landscape, functional, community, ecophysiology, etc.) and environmental design (Choi et 

al., 2008; Higgs, 2005; Matthew, Bernhardt, Doyle, & Heffernan, 2015). Additionally, 

practitioners must consider the social, economic, and cultural dimensions of ER projects (Egan, 

Hjerpe, & Abrams, 2011; Higgs, 2005). 

The challenge for training is exacerbated by the breadth of ER’s mandate to devise 

strategies for both terrestrial and aquatic problems across all bioregions and across all degrees of 

human impact. Amazingly, despite this massive scope, many ER best practices can be applied 

across a range of ecoregions that exhibit similar ecological patterns in certain contexts 

(Keenleyside et al., 2012; Society for Ecological Restoration, 2004). This is very convenient for 

ER curricula, which often introduce general knowledge about the world’s biomes and global 
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ecological patterns. To truly develop a deep understanding of multiple ecosystems, 

however, represents more than a lifetime’s worth of work.  

Another challenge for training practitioners is that ecosystems are complex, dynamic, 

unpredictable, and poorly understood. Although the field of restoration ecology—and ecological 

knowledge in general—is evolving rapidly, many aspects of problem-solving for complex 

environmental situations remain unknown. It can be a struggle to make sense of ecosystems, so 

restoration practitioners (RPs) must learn to make decisions with imperfect information.  

Given the broad scope of the ER field, becoming a competent practitioner is a complex, 

multi-year commitment that requires considerable knowledge and practical experience. Even 

with the best courses, curriculum, and mentorship to learn ER, practitioners will continue to 

improve their practice based on their own experience and from the insights that the discipline as 

a whole gains as it continues to evolve. And, few elements of ER practice benefit more from the 

feedback of personal experience than site assessment. 

Determining the ecosystem’s condition is an essential precursor to imagining a site’s 

future potential and deciding how to intervene in the system to restore normal ecological 

functioning. So, when a project has been identified, the practitioner’s first task is to assess the 

problem from the perspective of the whole system. I use the term “whole system” specifically to 

include both the local site conditions and the broader project context. To assess the whole 

system, restoration practitioners need to develop the ability to interpret multiple interacting 

abiotic, biotic, and cultural factors. Although it is impossible to understand ecological systems in 

all their complexity, ER practitioners must attempt to form the most detailed and comprehensive 

picture that is practically possible while maintaining a humble appreciation for what is unknown. 
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To meet the diverse expectations placed on ER practitioners, students need 

intensive training. University and college programs have increasingly responded to this demand 

with programs that offer specializations in ecological restoration (Bakker & Howell, 2011; 

Nelson et al., 2008). Becoming effective ER practitioners, however, requires both broad 

theoretical knowledge and diverse hands-on skills, and not all restoration programs have 

effectively achieved this balance. Within the ER field there have been calls for better integration 

between research and applied ER, and for better strategies at educational institutions to overcome 

divisions between natural sciences, human sciences, and humanities (Dickens & Suding, 2013; 

Higgs, 2005). 

Many public, private, and community organizations that focus on ecosystem and 

conservation work have also taken on the role of educating restoration students and have 

contributed a number of resources that can be used to teach ER practices (Foundations of 

Success, 2009; Keenleyside et al., 2012; Parks Canada & Council, 2008; Society for Ecological 

Restoration, 2004). Additional educational materials are needed, however, as more people with 

increasingly diverse backgrounds join the ER field, as the scope of ER theory and skills widens, 

and as ER is applied to a greater diversity of ecosystems (Aronson, 2010; Bakker & Howell, 

2011; Harris, 2010; Nelson et al., 2008).  

Curriculum design strategies from the environmental education (EE) field can help 

address this growing need to train ER practitioners.  

Part II: Environmental Education Concepts Relevant to Curriculum Design 

Five major topics in environmental education (EE) are directly relevant to curriculum 

design for ecological restoration: 1) ecological literacy, 2) ways of knowing, 3) place-based 

perceptual ecology, 4) curriculum design strategies, and 5) creative thinking tools. Below I 
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define and review these core concepts, limiting the discussion to educational theory 

relevant to the activity book I present in Appendix F.  

Ecological Literacy. 

Many authors have argued that to equip communities with the capacity to solve 

environmental problems, we need citizens who are ecoliterate and engaged (Goleman, Bennett, 

& Barlow, 2012; Krasny & Tidball, 2012; Sobel, 2008). Capra (2014) defines being ecoliterate 

as an “ability to understand the basic principles of ecology or principles of sustainability and to 

live accordingly" (p. 291). A widespread lack of ecological literacy, even among environmental 

professionals, limits people’s ability to solve environmental problems (Lewinsohn et al., 2015). 

Ecological literacy extends beyond an intellectual grasp of how ecological systems work 

to include a "deep ecological awareness of the fundamental interdependence of all phenomena 

and of the fact that, as individuals and societies, we are embedded in, and dependent upon, the 

cyclical processes of nature" (Capra & Luisi, 2014, p. 291). Ecological literacy builds ecological 

awareness into "knowing, caring, and practical competence" (Orr, 1992, p. 92). In other words, 

ecoliterate people have an ethical attachment to ecosystems and a worldview of embedded 

interdependence, in addition to ecological knowledge and technical skills. In this view, humans 

have a role to play as ecological stewards with a responsibility to intervene where ecosystems 

have been degraded by human activity. 

Experienced ecological restoration practitioners who are dedicated in both their 

professional and personal lives to advancing their ecological knowledge and who apply these 

insights to their practice of restoring degraded land, are exemplary role models of what it means 

to be ecoliterate and engaged. These practitioners embody the idea that ecoliterate citizens are 
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more likely to take responsibility for the environmental impacts of their actions. 

Moreover, ecoliteracy is the foundation on which sound restoration decisions and actions can be 

made. 

While many ecoliteracy concepts are relevant to site assessment, whole system thinking 

is a particularly essential element for ecological restoration training. Capra (2005) and others 

have advocated that learning to think ‘in systems’ should be part of standard curricula in all 

primary and secondary education. This way of thinking is essential for anyone training as an 

ecosystem steward. A heavy emphasis on whole systems develops a crucial skill set for anyone 

who works with complex social or ecological systems. Examples of key concepts from systems 

thinking that are directly relevant to site assessment include: learning to recognize system 

boundaries, developing an eye for natural patterns, considering how multiple, interacting parts 

and processes shape local conditions, and appreciating processes that emerge from the sum of the 

parts (Capra, 1996; Meadows & Wright, 2008). 

Ways of Knowing. 

Curriculum design to teach site assessment depends not only on the content but also how 

students come to know that content. Consequently, I considered a range of perspectives and types 

of knowledge that could help to design learning experiences to interpret degraded ecosystems.  

When we work with complex ecological systems and try to make ecoliterate choices—

and in particular when we are first trying to understand a system, such as during site 

assessment—it is important that restoration practitioners draw on diverse forms of observations, 

knowledge, perspectives, and skills. Collectively, I refer to these as “ways of knowing,” choosing 

the term specifically to evoke an appreciation for the value of epistemological variety.  
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The expression ways of knowing has variously been used to highlight the value 

of considering diverse worldviews and perspectives to acquire knowledge. In one particularly 

relevant example, in recent decades there have been calls to integrate the unique perspectives 

that First Nation Peoples brought to science discussions, especially on environmental science 

topics, such as adaptive ecosystem management (Berkes, 2009; Berkes, Colding, & Folke, 2002; 

Folke, 2004). Research and policy outcomes for ecosystem management have historically been 

dominated by western scientific approaches and worldviews at the expense of other well-

established ways to understand ecological systems and human-nature interactions. Consequently, 

many potentially valuable sources of observations and knowledge have been overlooked 

(Johnson et al., 2016).  

In response to the criticisms that western scientific approaches have often taken a narrow 

view at the expense of other ways of knowing, and especially in the case of ecological problems, 

more researchers are moving towards transdisciplinary and integrative science that respects 

indigenous worldviews alongside western science and other ways of knowing (Bartlett, Marshall, 

& Marshall, 2012; Johnson et al., 2016; Sagarin & Pauchard, 2012; Thomashow, 2002). Many 

ecologists are also working to expand how data is collected and interpreted. New technological 

approaches range from remote sensing to critter cams, while some researchers have put a 

renewed emphasis on connecting to nature through natural history and other first-hand 

observation techniques, and still others have focused on crowd-sourced citizen science, among 

other new methods in sustainability science (Boulter, Reiss, & Sanders, 2015; Kineman & Poli, 

2014; Sagarin & Pauchard, 2012). 

In ecological restoration, researchers and practitioners have acknowledged the value of 

incorporating traditional ecological knowledge and other ways of knowing to help understand the 
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site history and current context (Egan et al., 2011; Schaefer & Tillmanns, 2015; 

Uprety, Asselin, Bergeron, Doyon, & Boucher, 2012). These acknowledgements from ER and 

other fields point to a need to expand and blend traditional scientific methods with other ways of 

observing to determine the state of an ecosystem.  

Western education systems have also tended to focus narrowly, excluding local 

indigenous knowledge and other ways of knowing in the full epistemological spectrum 

(Barnhardt, 2010; Greenwood, 2013). Educators in both Canada and the United States have 

advocated revising science curricula at the high school and college level to include more diverse 

perspectives and approaches (National Research Council, 2012; Parsons & Beauchamp, 2012; 

Snively & Corsiglia, 2001). Some suggested changes include incorporating traditional ways of 

knowing and a greater emphasis on creative thinking and problem solving (Battiste, 2009; 

Cajete, 1999; Gregerson, Kaufman, & Snyder, 2013; Hipkins et al., 2002; Kimmerer, 2002; 

Parsons & Beauchamp, 2012; Snively & Williams, 2008; UNESCO, 2010). Going a step further, 

more educators now have students develop their own questions and devise strategies to seek 

answers, allowing them to choose topics that are personally relevant and that have real-world 

applications (Cakir, 2008; UNESCO, 2010).  

Making these shifts in education requires revisiting how learning experiences are 

designed. In the following sections, I address several approaches to curriculum design that can 

help broaden how restoration-based education is taught. 

Place-Based Perceptual Ecology. 

Engaging the full use of our senses to appreciate and understand the environment is an 

underemphasized but highly valuable strategy for environmental education in general, and to get 

to know site conditions for restoration work in particular (Auer, 2008; Goleman et al., 2012; 
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Sagarin & Pauchard, 2012; Young, McGown, & Haas, 2010). Place-based perceptual 

ecology is Thomashow’s (2002) term for the practice of activating and taking full advantage of 

our sensory awareness to perceive and understand natural phenomena in local ecosystems. He 

writes: 

The melding of the senses and science is the crux of perceptual ecology. What you 

directly observe is amplified by a solid foundation in natural history, and given further 

grounding when supported by the framework of scientific ecology. The great naturalists 

share this fine sensibility—the ability to mesh sensory, aesthetic, and scientific 

observations for the purpose of environmental learning. (p. 76) 

Since using our senses to understand our environment was a life-and-death matter for 

much of human history, we have evolved to use our whole bodies to interpret our surroundings 

(Pinker, 1999; Thomashow, 2002). Now, if we are to serve as ecosystem stewards, we need these 

skills to read the landscape. One way to develop this awareness is to adopt a regular natural 

history practice to learn to identify ecological patterns and to deepen our understanding of how 

ecosystems work (Louv, 2005; Stone & Barlow, 2005; Thomashow, 2002).  

“Deep listening” is a closely related concept that Schaefer and Tillmanns (2015) describe 

as taking time to be “mindful of what contributes to creating the identity of a site” (p. 7). Deep 

listening extends beyond a typical biophysical assessment to integrate a wide variety of 

influential yet unseen elements, including the “ecosystem’s memory,” site history, cultural 

knowledge and values, ecosystem dynamics such as feedback loops, community interactions, and 

hard-to-see ecological processes such as mycorrhizal networks, or other drivers of underground 

food webs. Assembling a clear picture of these many ecosystem layers requires a combination of 

established and new or unconventional methods.  
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Curriculum Design Strategies: Place-Based, Experiential, and Problem-

Based Learning. 

Many environmental education approaches to curriculum design suggest ways to deliver 

learning experiences, but three were particularly influential for the curriculum design phase of 

this project: place-based learning, experiential learning, and problem-based learning.  

These three related pedagogical approaches evolved from constructivism, an educational 

philosophy that views students as active participants who learn through active engagement with 

ideas and experiences (Fensham, Gunstone, & White, 1994; Lincoln & Guba, 2013; Whitney, 

Hartle, & Baviskar, 2009). Constructivist approaches give students the responsibility for their 

own learning, while teachers play the role of “facilitators of experience,” so curriculum 

outcomes are flexible and often unpredictable (Wurdinger, 2005). Constructivists posit that 

learning is best situated in authentic experiences that tie into what students already know and are 

reinforced by self-reflection, instead of focusing on decontextualized and seemingly arbitrary 

knowledge acquisition (Herrington & Herrington, 2006; Stauffacher, Walter, Lang, Wiek, & 

Scholz, 2006). In other words, long-lasting knowledge depends on the learning journey itself, a 

journey that is explicitly tailored to active engagement in the three approaches I review below. 

Place-based learning (PBL) emphasizes hands-on, real-world learning in the field 

(Colvin, 2013; Semken & Freeman, 2007; Thomashow, 2002), and the practical focus on place 

makes it well suited to teach ecological restoration. Sobel (1994) defines place-based learning as 

“the process of using the local community and environment as a starting point to teach concepts” 

(p. 7). Learning that is rooted in place has benefited student achievement and has helped students 

form a lasting understanding of local culture, politics, history and ecology (Gruenewald & Smith, 

2008; Smith & Sobel, 2014). Field studies are one form of place-based learning with a long 
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tradition in the natural sciences, and they are also common in ecological restoration 

instruction. In most learning contexts, whether due to a sense that lecture-based approaches 

cover more ground or a lack of resources to provide place-based activities, place-based learning 

makes up little, if any, of the curricula. 

Experiential learning emphasizes learning by doing and often takes place in the field, so 

it goes hand-in-hand with place-based learning. Unlike rote learning where learners play a 

passive role, experiential activities require students to be engaged in direct experiences such as 

practicing a new skill, experimenting, or engaging in real life situations that encourage curiosity, 

decision-making, and problem solving (Itin, 1999; Wurdinger & Carlson, 2010). Experiential 

learning is memorable (Lewis & Williams, 1994) and prepares students well for the complex and 

interdisciplinary nature of everyday life (Wurdinger, 2005). 

For experiential learning to be effective, students should be actively engaged during the 

activity and then reflect on the learning experience (Carver, 1996). This places the responsibility 

to learn on the student, while the teacher’s role is to help students develop habits of successful 

learners by creating an atmosphere that encourages students to be inquisitive, critical-thinkers, 

and to follow through with their activities (Wurdinger & Carlson, 2010). Given the applied 

nature of ecological restoration work, incorporating “learning experiences” into ER curriculum 

design is especially relevant. 

Problem-based learning (PBL) asks learners to tackle real problems: first they figure out 

what they need to know and then they invent strategies to solve the problem (Barron & Darling-

Hammond, 2008). Typically, students are presented with problems based on real situations with 

many complex, ill-defined variables and the problems can often be solved by a number of 

different approaches (Stepien & Gallagher, 1993). Students who learn through problem-based 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 24 
approaches tend to develop flexible problem-solving and reasoning skills (Barron and 

Darling-Hammond 2008), as well as critical-thinking skills and an ability to innovate (Hoidn & 

Kärkkäinen, 2014). PBL is well suited for applied science and sustainability curricula since it 

emphasizes the practical use of ecological knowledge to solve problems (Lewinsohn et al., 2015; 

Schaefer & Gonzales, 2013). Using creativity to tackle ecological problems is perhaps one of the 

most fundamental skills ecological restoration students can learn (McCann, 2011). Applying 

problem-based learning to restoration education can be an engaging way for students to practice 

handling the uncertainties and complex challenges that typically arise in restoration work 

(Schaefer & Gonzales, 2013).   

Creative Thinking Tools. 

The thirteen Root-Bernstein (2013, 2014) creative thinking tools (Figure 2.) contain 

strategies to teach creativity when solving complex-problems, and were developed from 

interviews with the world’s premiere innovators in the arts and sciences. These tools directly 

complement the learning approaches described above, offer new ways to present restoration-

based education, and were instrumental in the activity book I designed. 

Although science is sometimes portrayed as advancing in logical steps, many important 

scientific and artistic breakthroughs are actually discovered through unconventional bursts of 

creativity, and only in retrospect are the solutions presented as a series of logical explanations 

(Root-Bernstein & Root-Bernstein, 2013). This does not discount the importance of rigorous 

scientific methods, but rather points to the great variety of subjective, intuitive, creative, cultural, 

or serendipitous influences that also push science forward. 

In contrast to Gardner’s (1999) “multiple intelligences,” which are largely seen as innate 

gifts, the Root-Bernstein tools for creative thinking are "learnable cognitive skills that are 
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accessible to everyone" (Root-Bernstein et. al., 2013, p. 1). These authors go on to 

argue that, "imaginative, sensual thinking is central to the creative processes of biologists, 

ecologists, and conservationists" (2014, p. 5) and they offer examples of how the thirteen tools 

can be integrated into environmental education curricula.  

Tool Description 
Observing Hone all the senses to perceive acutely. 
Imaging Create mental images using any or all senses. 
Abstracting Eliminate all but the essential characteristics of a complex thing. 
Recognizing 
patterns  Perceive similarities in structures or properties of different things. 

Forming patterns Create or discover new ways to organize things. 
Analogizing  Discover functional similarities between structurally different things. 
Body thinking Reason with muscles, muscle memory, gut feelings, and emotional states. 
Empathizing ‘Become the thing’ one studies, be it animate or inanimate. 
Dimensional 
thinking 

Translate between two, three, or more dimensions (e.g. between a map 
and a landscape); scale up or down; alter perceptions of space and time. 

Modelling Create a simplified or miniaturized analogue of a complex thing to test or 
modify its properties. 

Playing Undertake a goalless activity for fun, and incidentally develop skills, 
knowledge, and intuition. 

Transforming Use any or all tools for thinking in a serial or integrated manner. 

Synthesizing Know in multiple ways simultaneously: bodily, intuitively, and 
subjectively as well as mentally, explicitly, and objectively. 

Figure 2. Root-Bernstein’s 13 tools for creative thinking. 

These creative thinking tools are a helpful framework of ideas to teach site assessment 

knowledge and skills, as these tools’ emphasis on personal experience makes them well-suited to 

integrate with constructivist approaches to curriculum design. “Observing,” for example, is 

perhaps the most basic and important skill restoration practitioners can develop, just as 

perceptual ecology uses “body thinking” to interpret sensory information. Assessments of 

observations requires practitioners to “recognize patterns,” for example to identify symptoms of 

ecological integrity and degradation. “Imaging,” “dimensional thinking,” and other visualization 

tools can hone practitioner’s ability to think about the whole project context across spatial and 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 26 
temporal scales, and through a multitude of interacting factors. I return to these and 

similar ideas when I discuss the curriculum design (Chapter 5) that led to the climax of this 

thesis, the activity book in Appendix F. 
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Chapter 3: Research Methods 

To achieve my goal of creating an engaging educational resource to help newcomers to 

ER develop their site assessment practice, I relied on three overarching methods: 1) I conducted 

a grounded theory literature review of ecological restoration texts to form a complete picture of 

current best practices for ER site assessment; 2) I interviewed restoration experts to validate, 

explore, and expand on concepts that emerged during the literature review; and 3) I applied my 

findings from the first two steps to produce an educational resource using the ADDIE (Analysis, 

Design, Development, Implementation, and Evaluation) approach to curriculum design. 

Method I: Grounded Theory Literature Review 

To generate content for an educational resource, I conducted a systematic literature 

review to interpret, synthesize, and critique the published knowledge about practicing site 

assessment for restoration projects. I followed Wolfswinkel, Furtmueller, and Wilderom’s (2013) 

guidelines for grounded theory (GT) literature reviews to structure the review and to produce a 

“thorough and theoretically relevant analysis” (p. 45) of the topic. I chose this approach, rooted 

in a grounded theory tradition, because of its analytical focus on concepts and on theory-

generation (Charmaz & Bryant, 2013). 

Wolfswinkel, Furtmueller, and Wilderom’s literature review method consists of five 

iterative steps, each with associated tasks (Figure 3.): DEFINE, SEARCH, SELECT, 

ANALYZE, and PRESENT. This structure offered a guiding order and transparency to the 

review process.  



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 28 
I tracked the development of my ideas throughout the review with regular 

memoing in a logbook. I created more than 30 logbook memos including insights that emerged, 

questions to explore, details about decisions, and meeting notes. This process of memoing was 

especially helpful to identify a focus for the interview questions and for the design of the activity 

book. 

Figure 3. GT-LRM Steps (Wolfswinkel, Furtmueller, and Wilderom, 2013, p. 431) 

Define, Search, and Select 

Research scope. Within the general topic of “environmental education for ecological 

restoration,” I left the review’s scope quite broad. I included all types of knowledge that could 

help practitioners understand the condition of an ecosystem, whether that knowledge was 

ecological, social, or some other way of knowing, to interpret local site conditions and overall 

project contexts. 

I limited the scope of this review to documents that were relevant to site assessment for 

ER work in terrestrial ecosystems, excluding those that pertained to aquatic environments. I also 

1. DEFINE  
1.1 Define the criteria for inclusion/exclusion 
1.2 Identify the fields of research  
1.3 Determine the appropriate sources  
1.4 Decide on the specific search terms 

2. SEARCH  
2.1 Search 

3. SELECT  
3.1 Refine the sample 

4. ANALYZE  
4.1 Open coding  
4.2 Axial coding  
4.3 Selective coding 

5. PRESENT  
5.1 Represent and structure the content  
5.2 Structure the article 
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excluded information that primarily focused on ER phases other than site assessment 

and case studies that did not add concrete information about practicing site assessment.  

Ecological restoration and the closely related field of restoration ecology were the two 

the primary fields of research. Both of these fields however, are built on theoretical and practical 

knowledge from related disciplines, notably ecosystem sciences and environmental management. 

Suitable sources. ER is practical, as is the curriculum I designed to teach site 

assessment, so a wide range of sources offered relevant information. I included teaching texts, 

professional documents, conference proceedings, popular books, government publications, peer-

reviewed articles, and unpublished notes. All materials were located using online databases—

Google, Google Scholar, and Royal Roads University’s library search engine, Summon—and 

various combinations of the search terms listed in Figure 4.  

"Ecological restoration" 

"Assess the problem" 

"Site assessment" 

"Site analysis" 

"Site conditions" 

“Analyzing the site” 

"Level of degradation" 

"Reading the landscape" 

"Observing" 

“Understanding” 

"How to practice"  

"Practicing ecological 
restoration" 

"Project management" 

“Degradation” 

Figure 4. Search terms used for the grounded theory literature review. 

Selecting documents. I found more than 20 documents that contained information 

specific to site assessment, mostly texts, books and reports from ER organizations. Some 

documents were prescriptive, detailing how restoration projects should be managed, while others 

offered theoretical insights useful to understand how ecosystems work.  

I divided the materials into key documents—any document that provided more than 50 

useful codes—and supporting documents that offered fewer codes, typically on narrower, yet 
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relevant themes. Many of the key documents were titles from the SER’s textbook 

series on restoration, of which six contained particularly relevant information. I also included 

documents recommended to me by ER academics, specifically the IUCN’s Ecological 

Restoration for Protected Areas (2012), the SER’s International Primer (2004), and Guidelines 

For Developing and Managing Ecological Restoration Projects (2005; 2012). 

With materials selected, I turned to the core of the grounded theory approach, a process 

to synthesize best practices for site assessment, and to identify ways of knowing to effectively 

teach this content.  

Analysis 

The main objective of my analysis was to identify and describe all the concepts relevant 

to practicing site assessment, and to explore how these concepts relate to each other to create a 

complete picture of the subject (Charmaz & Bryant, 2013). My first step in this process was 

coding the data. 

Coding. In preparation for analysis, documents were uploaded to the computer-assisted 

qualitative data analysis software, NVIVO (for Mac). This software provided a centralized and 

efficient way to store, code, and present the data. Working with NVIVO helped me move quickly 

between documents, organize codes and memos, and compare and refine concepts using 

summaries of all the codes and word queries.  

I coded a hierarchy of concepts in the ER texts to map relationships between ways of 

knowing and to allow a coherent picture to emerge of how to practice site assessment. First, I 

read the documents once to identify text excerpts of discrete elements of knowledge or ways to 

know that are useful for site assessments. I assigned each element an initial “code,” a concise 

description of the general concept conveyed by the text excerpt. When more than one excerpt 
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referred to the same general concept, both excerpts were assigned the same code. After 

all text excerpts were identified and given tentative codes, I re-read the texts multiple times to 

refine the codes in an iterative, continuous comparative analysis. 

I categorized the concepts, adding additional levels of codes to relate the concepts 

hierarchically, linking the codes with each other and between the source materials (Wolfswinkel 

et al., 2013). This theory-building stage further evolved during these iterations, as I incorporated 

concepts that arose during interviews with ER experts (see Method II). 

The final codes categorize each concept in a hierarchy to match the three stages of coding 

used in Grounded Theory: open, axial, and selective (Strauss & Corbin, 2008; Wolfswinkel et 

al., 2013). To avoid confusion, I have capitalized my use of these terms to refer specifically to 

the codes I developed: Common concepts are identified as OPEN codes. Broader categories of 

concepts were assigned one or two AXIAL codes. Finally, SELECTIVE codes map the 

overarching themes that tie the categorized concepts together. 

OPEN codes included text that explicitly referred to site assessment, and also concepts 

with implicit relevance, such as theoretical insights to interpret ecosystems. The provisional 

codes I assigned at first were later refined as I became familiar with the literature. 

I organized the OPEN-coded concepts into broad categories that I gave AXIAL codes 

(Strauss & Corbin, 2008), for example, “Introducing site assessment and ecological restoration,” 

“Describing the biophysical conditions,” “Ecological theory,” “Naming the problem,” and 

“Techniques and strategies.” When more detail was helpful, I added a second level of AXIAL 

codes to indicate sub-groupings. For example, the AXIAL code “Describing biophysical 

conditions” contained further AXIAL codes for “Abiotic attributes,” “Biotic attributes,” and 

“Cultural attributes.” Finally, I assigned five SELECTIVE codes to the most inclusive 
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categories, the broadest themes that would help structure my approach to curriculum 

design for site assessment.  

Analyzing the codes. I used the codes to assemble a complete picture of the general 

context for site assessment. First I described the purpose of site assessment by comparing 

definitions presented by various authors, and identified how site assessment fits into the overall 

restoration project. Then I compiled a list of site assessment activities practitioners typically 

undertake. Finally, I present the specific content under the four SELECTIVE competencies 

(Knowledge, Practical Skills, Awareness, and Decision-Making) that should be taught for site 

assessment. 

Method I: Benefits and Limitations 

This systematic, iterative review provided a flexible and practical platform on which to 

base content for curriculum. Synthesizing the current state of published information on site 

assessment and noting knowledge gaps, was especially helpful to decide how to complement 

current approaches to ER instruction.  

The process of identifying codes and organizing concepts to synthesize findings was 

necessarily qualitative and subjective. To recognize the limitations of the analysis and to explain 

the rationale behind decisions I made, it was important that I document project steps 

transparently and thoroughly.  

 My literature review was limited to my original search terms. Secondary rounds of 

review with new search terms to hone in on specific topics identified during the first round of 

review would certainly have revealed many additional sources. The scope of my project, 

however, was a general overview of site assessment practice as described in key ER textbooks 

and relevant pedagogy, and these were identified by the original search terms. In other words, 
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documents with the most relevant and considerable contributions were prioritized and 

the review was limited there.  

Furthermore, non-digital sources were omitted because analysis with NVIVO is tailored 

to digital sources. The increased efficiency and flexibility of digital analysis, however, 

outweighed the limitation of these omissions. 

Given my emphasis on curriculum design, another significant limitation was that I missed 

the wealth of difficult-to-access, unpublished gray literature developed by ER teachers, notably 

course notes, field activities, and presentations. I interviewed ER practitioners and academics to 

address some of this gap, but it remains a weakness for my findings. A future project could 

specifically target this information to investigate how ER instructors prioritize subject matter, 

and then compare this to the practices I have outlined in the ER literature.  

My review was also limited to English materials, and many were focused particularly on 

a North American experience. People practice ER around the world, contributing valuable 

insights from a wide variety of cultural perspectives. Access to this information would certainly 

have added depth and breadth to my review. Nevertheless, several of the documents I reviewed 

have international audiences and broadly represent how ER is practiced worldwide. 

I also limited the review to terrestrial ecosystems because I did not explicitly focus on the 

patterns and processes of aquatic environments, nor the health and restoration of aquatic systems 

as that would have been too large a scope for the curriculum I designed. I did, however, include 

the role of water quality and freshwater ecosystems to the extent that they provide important 

edge habitat and resources for terrestrial systems. 

In a future project, it would be worthwhile to extend the search to key journal articles and 

other print media and gray literature that articulate specific aspects of the site assessment 
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process. Furthermore, it would also be useful to identify concepts from other related 

fields to integrate into site assessment for ER.  

Method II: Expert Views on Practicing and Teaching Site Assessment 

I interviewed seven experts (Appendix B), both practitioners and academics, to validate 

and expand on the ideas that emerged from the literature review. The interviews lasted an hour to 

an hour and half and were conducted either in-person or by videoconference. I recorded the 

audio and made notes while participants spoke. Following the interviews, I reviewed and edited 

the notes to make a list of the key points. 

With the help of my committee, I chose recognized experts who had either extensive 

experience teaching ER or who worked professionally as ER practitioners. These experts 

provided insight into current ER standards, noted areas that could benefit from additional 

emphasis in ER courses, and verified the trustworthiness and relevance of my findings in the 

literature. Their feedback helped me create content for the activity book. 

To hone the interview questions (Appendix C)—and to prepare myself with a solid 

background in best practices for site assessment—I used the synthesis from my literature review 

(see Method I) to identify fundamental concepts that are useful to teach site assessment. I 

designed the questions to particularly explore ways of knowing that are not explicit in the ER 

literature, yet may be helpful as part of a complete site assessment practice. For example, under-

emphasized or under-instructed ways of knowing included the use of perceptual information to 

interpret ecosystems, the role of intuition in focusing a project, and visualization exercises that 

help practitioners make decisions. 
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Method II: Benefits and Limitations 

Speaking with experts brought the theories to life, identified variation between currently 

published best practices and the day-to-day realities of practitioners, and highlighted weaknesses 

in the knowledge and practice of practitioners coming from recent ER training. Participants also 

drew my attention to the need to balance ideal approaches to site assessment with a variety of 

practical considerations unique to each project’s context. It was valuable to interview both 

academics and practitioners to learn about different experiences that emerge from a range of 

perspectives. 

A major limitation, however, was the small number of participants I interviewed, relative 

to the worldwide pool of ER experts. Moreover, I would have liked to speak with practitioners 

and academics from a wider geographic range; some participants had broad international 

expertise, but most worked predominately with ecosystems in western North America. In a 

future project it would be beneficial to conduct a broad digital survey to document the variety of 

approaches ER experts from around the world use for site assessments and the theoretical 

concepts that inform their work. 

The interviews were also fundamentally limited by being conducted indoors instead of in 

the field. A significant part of this project is about the physical, first-person experience of 

interpreting ecosystem conditions, so it would have been beneficial to have participants show me 

first-hand how they get acquainted with a site to determine its ecological condition.  

Method III: Curriculum Design 

My overarching goal in this project was to inspire people to restore degraded lands in 

their communities, so the climax of my research was the creation of an educational resource—

the activity book in Appendix F—to make site assessment principles accessible and fun to learn. 
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Initially, I left the format for this resource open and flexible until the literature review 

and interviews were completed, allowing that research to inform the type of curriculum that 

would be most useful. Before settling on a field-based activity book, other options I considered 

included a site assessment guide and checklist, or a series of short stories or video infographics. 

Ultimately, constructivist pedagogical influences from the environmental education field 

convinced me to focus on the hands-on, experiential potential of a field-based activity book. This 

format, more than a simple guidebook or set of instructive stories, broadens the scope of content 

and adds variety to the ways of knowing used to teach students how to practice site assessment.  

To develop this resource, I drew on ADDIE (Analysis, Design, Development, 

Implementation, and Evaluation), a well-known, systematic model (Figure 5) for designing 

curricula and learning experiences (Branch, 2010; Mayfield, 2011).  

ADDIE Step Actions Key Questions to Consider 
ANALYSIS Perform background 

research and set goals. 
What is known about the topic of study? What 
is known about the audience? What is the 
overall plan for the project? 

DESIGN Identify approaches to 
curriculum design. 

What will the curriculum look and feel like? 

DEVELOPMENT Design learning 
experiences. 

What are the curriculum specifics? 

IMPLEMENTATION Train instructors and 
deliver the curriculum. 

What do instructors need to know and be able 
to do to deliver the curriculum? What needs to 
be done to implement the program? 

EVALUATION Assess how the 
curriculum is working. 

What worked? What needs to be changed? 

Figure 5. An overview of the ADDIE design model steps. 

The content for the analysis phase was provided by the literature review and expert 

interviews, as synthesized in Chapter 4. When I created the draft version of the resource for this 

project, I envisioned it being used by a broad target audience including, students enrolled in 

college and university level ER courses, citizens working on ER projects through civic ecology 
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organizations, and youth participating in ecological literacy programs at school. In 

future drafts however, I intend to tailor the activity book for an undergraduate audience since 

they represent a large and diverse audience, most often at the beginning of their careers in ER 

work, who could benefit from learning a wide range of ways to approach restoration projects. 

The design phase combined the pedagogical approaches introduced in Chapter 2, with 

the synthesis of site assessment discussed in Chapter 4. Chapter 5 is dedicated to a full 

description of the development of curriculum specifics, including design considerations and 

what the activities look and feel like. The draft activity book itself (Appendix F) includes a 

user’s guide to introduce what instructors need to know to implement the activities. 

Of course, the final evaluation phase in the ADDIE system cannot be carried out until 

after the activity book is used in ER course settings. However, in Chapter 6, I discuss options to 

evaluate the activities and next steps for a real-world launch. 
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Chapter 4: Analysis  

Analysis overview 

Here, I synthesize the results of both the coded literature review and the expert interviews 

into broad ways of knowing and competencies that translate into a curriculum strategy for 

teaching site assessment. I did not attempt to exhaustively describe every detail that should be 

covered in site assessment courses, but I do address the core topics articulated in the literature 

and the major insights that arose from my interviews. The concepts presented in this analysis 

chapter served as content for the curriculum I designed. 

I categorized hundreds of individual concepts into five overarching SELECTIVE codes, 

or themes: 1) Introducing ER and Site Assessment, 2) Ecological Knowledge, 3) Practical Skills, 

4) Awareness, and 5) Decision-Making. Figure 6. below shows all the SELECTIVE categories 

broken down into their AXIAL, and OPEN codes. A complete list of all the OPEN codes and a 

visual word-cloud to intuitively depict the relative frequency of all OPEN codes is also included 

as Appendix A. 

The first SELECTIVE code, “Introducing ER and Site Assessment,” categorized 

concepts that addressed the purpose and role of site assessment within the ER project. The 

remaining four codes represent areas of competency or ways of knowing for ER students to 

acquire during restoration education for site assessment.  

In this analysis chapter, for each of these five SELECTIVE codes, after I review the 

content that emerged from the literature and interviews, I consider ways this content can be 

integrated into site assessment courses, highlighting important content and valuable resources. 
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 SELECTIVE code TOP AXIAL code OPEN codes Total Excerpts 
INTRODUCING ER & SA   31 83 
  Defining Ecological Restoration 13 35 
  Defining Site Assessment 2 14 
  Defining the Problem 12 26 
  Other 4 8 
KNOWLEDGE   215 400 
  Abiotic Attributes 66 142 
  Biotic Attributes 69 114 
  Disturbance & Recovery 10 33 
  Ecological Integrity & Degradation 7 20 
  Ecological Theory 11 13 
  Ecosystem Concepts 24 34 
  Habitat 2 5 
  Socio-Cultural & Economic Factors 24 37 
  Other 2 2 
PRACTICAL SKILLS   91 157 
  Documents 6 11 
  Field Visits 3 13 
  Investigating Historic Conditions 13 21 
  Managing Information and Data 8 9 
  Mapping 21 25 
  Photographs 5 17 
  Reference Ecosystems 16 40 
  Techniques 9 13 
  Tools & Equipment 6 8 
  Other 4 9 
AWARENESS   44 80 
  Intuition 1 3 
  Observation 9 13 
  Project Boundaries & Constraints 31 61 
  Reflect on Learning & Process 3 3 
DECISION-MAKING   86 171 
  Goals and Objectives 1 6 
  Landscape Functional Analysis 31 60 
  Naming the Problem 32 51 
  SWOT Analysis 1 6 
  General Strategies 10 34 
  Other 11 14 

TOTAL   467 891 
Figure 6. General breakdown of codes. 

Introducing ER and Site Assessment 

The site assessment phase of an ER project is a fact-finding mission that typically comes 

after practitioners have formulated a problem statement, but before they design specific 
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strategies to address the problem. During site assessment, practitioners assess the 

condition of the ecosystem and the overall project context. This takes place early on in an ER 

project, so practitioners can understand the nature of the problem before moving ahead with 

action plans.  

Problem statements describe the problem, identify immediate and underlying causes, and 

justify why an intervention would be appropriate and successful (Keenleyside et. al., 2012). 

Clearly defining the problem (once it is known) that affects an ecosystem helps to focus the 

detailed site assessment that follows.  

Goals for an ER project are typically set after the problem and the project context are 

understood. Various authors place the task of goal-setting at different stages in the restoration 

process (Figure 7). Although goal-setting is not necessarily considered a part of site assessment, 

the two are inextricably linked. Keenleyside et al. (2012) explain that site assessment should, in 

general, occur before developing “clear goals, objectives and actions for ecological restoration” 

(p. 59). In practice, however, when the problems that affect an ecosystem are well-known by the 

project proponent, preliminary goals are often set before conducting an assessment. Tongway 

and Ludwig (2011), for example, encourage practitioners to set goals and identify practical 

knowledge gaps, and then to use site assessment to refine preliminary goals and investigate 

unknown factors. 

I compared the sequence of project steps according to six key authors in Figure 7, 

highlighting with boldface italics the steps that relate specifically to site assessment. Authors 

differ in the way they delineate project steps, but the order and focus of steps is similar in all the 

texts I reviewed. Nevertheless, this order only serves as a guideline. Given the iterative nature of 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 41 
restoration projects, practitioners must be able to move fluidly between steps as the 

project evolves (Keenleyside et al., 2012; Tongway & Ludwig, 2011).  
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Figure 7. Project phases as defined in key ecological restoration texts. 
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The purpose of site assessment. ER authors generally agree that site 

assessment serves several purposes, that is, to characterize the problem, to understand the 

ecosystem and project context, and to start to plan how to intervene. Additional purposes and 

tasks variously ascribed to site assessment by five key authors are listed in Figure 8. Again, as 

with the flow of ER projects as a whole above, the terms chosen by authors to describe site 

assessment vary, but their intent is clearly similar. 

Author The Purpose of Site assessment 
Tongway and 
Ludwig (2011, p. 
4) 

- Analyze the specific problem 
- Analyze the landscape as a biophysical socioeconomic system and the causes of the 
problem 
- Identify the seriousness of the problem 
- Identify what information is available, or needs to be collected, to better understand the 
problem 

Keenleyside et. al. 
(2012, p. 59) 

- Conduct a detailed assessment of the problem 
- Review site conditions 
- Understand what the site condition could or should be 
- Assess the potential environmental and social impacts of restoration 

Apfelbaum & 
Haney (2010, p. 
26; 2012, p. 15, 18) 

- Determine ecological health of the land 
- Understand trends, changes from historic conditions or patterns, and the current 
relationships between vegetation, soils, water, fauna, and people 
- Generate an understanding of the structure and processes of each recognizable 
ecosystem or community, and its condition 

Clewell & Aronson 
(2013, p. 171-2) 

- Identify ecological drivers and stressors 
- Conduct a biophysical inventory 
- Determine the extent of restoration required and decide on restoration methods 
 

Traynor, Rieger, 
& Stanley (2014, p. 
34, 37, 51) 

- Evaluate site function  
- Determine specific requirements 
- Identify missing or underperforming functions 
- Identify the factors or elements that have the greatest potential to influence the outcome 
of your restoration strategies 
- Validate data previously collected from documents and uncover new data not yet 
documented or readily available 
- Understand the synthesis of your site’s characteristics and the restoration strategies that 
you envision 

Figure 8. A comparison of five author’s views on the purpose of site assessment.  

The verbs used by the authors in Figure 8—analyze, assess, review, identify, determine, 

evaluate, understand and validate—give a sense of the type of actions RPs undertake during site 
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assessment. The focus is on discovering the general site conditions and project context, 

as well as the type and severity of the problem. 

The practice of site assessment. To fulfill the purposes of site assessment, practitioners 

engage in a series of more detailed investigations and assessments, the specifics of which depend 

on the needs of each project and the features of the project’s ecosystems. I have compiled a list 

of typical site assessment actions that practitioners might undertake in Figure 9 based on the 

actions listed in the texts I reviewed, and will elaborate on many of these in subsequent sections. 
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Actions 
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 S
et

-u
p State the problem and identify the need for ecological restoration. 

Develop a data management system. 
Collect baseline data and set up long-term monitoring. 
Identify stakeholders and form a communications plan. 
Identify hazards and risks associated with the project. 

So
ci

o-
po

lit
ic

al
 A

tt
ri

bu
te

s 

Determine land ownership, legal boundaries, and other legal considerations. 
Assess political sensitivities. 
Assess economic considerations. 
Document social & cultural considerations. 
Identify local people’s values about the site. 
Conduct social and environmental impact assessments. 

Pa
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Determine site history. 
Identify current land uses. 

M
ap

pi
ng

 Create a basemap to depict observations and begin planning processes. 
Map stressors. 
Consult soil, topography, geological, and hydrology maps. 

Ph
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os
 Photo-document the site. 

Compare present photos with historic photos. 

A
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Identify current climate conditions and projected climate trends. 
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Research weather data and trends. 
Identify disturbance regimes and frequency of extreme events. 
Understand topography and landforms. 
Investigate soils: constituents, chemistry, profile, root growth, microbiology, fungi, 
organic matter accumulation, etc…. 
Investigate moisture conditions, surface hydrology, and water quality 
Assess nutrient cycling and retention: nitrogen, calcium, phosphorus, etc…. 
Understand the landscape’s geology and geomorphology. 
Assess salinity conditions: freshwater, brackish, saline, etc…. 
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ri
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Characterize land use and land cover types. 
Inventory species composition, abundance, and health. 
Identify and characterize relevant measures of community diversity. 
Gather autoecological information for key species. 
Evaluate all species (native and non-native.) 
Assess the seed bank and signs of natural regeneration. 
Determine the quality of habitat for target species. 
Identify food webs and important species interactions. 
Name the kind of ecosystem that was degraded and identify the type of ecosystem to 
be restored. 
Establish a reference ecosystem. 
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Identify the type and extent of degradation. 
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 Develop working hypotheses that require further exploration. 

Set-up experiments to test the effectiveness of restoration methods and strategies. 
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 Identify restoration goals and objectives. 

Figure 9. Typical actions of site assessment. 

Ways of Knowing and Competencies for Site Assessment 

To teach students how to assess site conditions, an educational resource needs to convey 

a broad range of ways of knowing and competencies. As described in Chapter 3, I categorized 
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the hundreds of concepts that arose from the literature review into four categories of 

competencies that are fundamental to the practice of site assessment: ecological knowledge, 

practical skills, awareness, and decision-making skills. 

In practice, the concepts within these four categories are tightly integrated and used 

fluidly. Restoration project managers, for example, need theoretical knowledge to know what 

practical skills to select and execute, and must be keenly aware of actual site dynamics to make 

appropriate decisions. Consequently, it was often difficult to place concepts into only one 

category. The four broad themes and the associated content I address in this chapter are 

summarized here in Figure 10.  

Ecological Knowledge 
• Ecological theory 
• Abiotic & biotic attributes 
• Conceptual models 
• Composition, structure, & function 
• Habitat 
• Disturbance & succession 
• Ecological integrity & degradation 

 

Awareness  
• Observation 
• Sensory inputs  
• Intuition 
• Adaptive management 
• Project constraints 
 

Practical Skills  
• Information management 
• Document searches 
• Investigating historic conditions 
• Data collection and analysis 
• Selecting field equipment 
• Maps, imaging, & photographs 
• Reference ecosystems 
• Teamwork 
• Cultural Attributes 
• Field visits 

Decision-Making 
• ‘Leitbild’ 
• Goals & objectives 
• SWOT-C analysis 
• General strategies to support decision-making 

 

Figure 10. A synthesis of ways of knowing and competencies associated with site assessment.  

Ecological Knowledge 

Ecological knowledge, an "acquaintance with facts, truths, or principles" ("Knowledge," 

n.d.) pertaining to ecosystems, is the intellectual foundation practitioners need to be effective in 

their work. Ecological knowledge develops over years of observation, study, and investigation, 
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and continues to deepen through persistence and experience over a person’s lifetime. 

In this section I introduce some of the basic knowledge content that—according to the literature I 

reviewed and experts I interviewed—restoration students benefit from learning to prepare for 

making effective site assessments.  

Ecological theory. Ecosystem dynamics arise from multiple, interacting ecological 

processes that involve many abiotic and biotic attributes. These complex systems can also seem 

impossibly complicated, and there is always more detail than practitioners will be able to 

interpret.  

While this poses a challenge, ecologists and RPs have range of tools and theories at their 

disposal to help them prioritize important information and conceptualize ecosystem processes. 

These tools include models of change and stability in ecosystem dynamics, theories about the 

composition, structure, and function of ecosystems, natural history knowledge about abiotic and 

biotic attributes of ecosystems, indicators of habitat suitability, theories about community 

assembly and succession following disturbances, and related concepts such as ecological 

integrity, resilience, and recovery from degradation. 

Conceptual models. Our conceptual understanding of ecosystem dynamics has changed 

in recent decades, shifting from the idea that ecosystems undergo a series of linear, deterministic 

progressions towards a climax community that exists in equilibrium with local abiotic factors, to 

a view of ecosystems as complex adaptive systems often characterized by nonlinear and non-

equilibrium dynamics. Ecologists now understand that multiple “trajectories, thresholds, and 

stochasticity” can lead to alternative stable states (Hobbs & Suding, 2009, pp. 5-7). Suding and 

Hobbs’ (2009) book, New Models For Ecosystem Dynamics and Restoration, is an excellent 
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resource for ER instructors looking for case studies that connect advances in 

theoretical ecology with the applied practice of restoring ecosystems.  

Abiotic and biotic attributes. Before being able to consider the whole ecosystem (to the 

extent this is possible), restoration practitioners must learn to recognize the parts of the 

ecosystem for their project area, both living and non-living. This natural history knowledge 

involves learning abiotic site attributes such as climate, topography, hydrology, geology, and 

soils, as well as biotic attributes, such as the life histories, preferences, and behaviours of the 

whole gamut of organisms, from plants, animals, and fungi to microorganisms. 

Practitioners regularly draw on natural history knowledge to conduct biophysical 

inventories and assessments, such as those previously listed in Figure 9. Typical biophysical 

assessments give a brief description of the abiotic conditions and then focus on plant species 

composition, structure, quality, and abundance. Data about fauna and, to a lesser extent, fungi 

and microorganisms, are also collected. While it is impossible to identify all the species that 

inhabit an ecosystem, it is particularly important to identify the species that have an influential 

role on the ecosystem’s structure and function, such as keystone and foundation species. It is also 

immensely useful to understand what the various attributes say about the overall the ecosystem. 

Strategies to develop a natural history practice are introduced under “Awareness” when I discuss 

first-hand observation skills. 

Composition, structure, and function. Besides being able to identify ecosystem parts, it 

is also essential to understand how the relationships between these various parts, drives 

ecosystem processes. Composition, structure, and function (or parts, patterns, and processes) 

provide three conceptual categories to help organize the information RPs gather from their site. 

Moreover, these three interacting concepts provide a conceptual strategy to help students 
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consider the whole ecosystem. Apfelbaum and Haney (2010, pp. 16-17) provide 

succinct explanations: “Composition” refers to the ecological community of organisms that 

occupy an ecosystem. An ecosystem’s “structure” is its physical, three-dimensional arrangement 

in space, including the shape of landforms and the various layers of vegetation, soil, and mineral 

structures. “Functions” include all the ecological processes that occur in ecosystems.  

Traynor, Rieger, and Stanley (2014, pp. 37-38) list common functions that are often the 

focus of restoration efforts: 

• “Transformation of nutrients (primary production)  
• Element cycling, including carbon sequestration  
• Removal and retention of nutrients and compounds  
• Maintenance of local gene pools  
• Maintenance of plant populations (diversity)  
• Maintenance of animal populations (diversity)  
• Maintenance of endangered species (plant and animal) 
• Resilience (recovery from disturbance)  
• Resistance to invasive species  
• Resistance to herbivore outbreaks  
• Pollination  
• Support of food chains and webs  
• Flood hazard reduction  
• Erosion control  
• Stream bank and shoreline stabilization  
• Water retention  
• Groundwater discharge  
• Groundwater recharge  
• Access to refuges during high water  
• Provision of habitat for dependent species  
• Maintenance of habitat connectivity and ability to disperse 
• Land use buffers” 

ER students need at least a basic understanding of how these ecological functions take place, 

what they contribute to the ecosystem, and how to recognize signs of whether or not they are 

working.   
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Habitat. The types and numbers of organisms an ecosystem sustains can be a 

strong indicator of overall ecosystem health, so it is important to consider the habitat needs of 

the plants, animals, fungi, and microorganisms that reside in the ecosystem, or that are likely to 

return when ecological integrity improves. Assessing the habitat needs for species of all sizes is 

also an effective exercise to help students conceptualize composition, structure, and function 

from an autoecological perspective, as it involves determining the extent to which a species has 

access to food, shelter, space, cover, and reproductive requirements (Morrison, 2009). Many 

aspects of habitat are also scale dependent, including the spatial scale organisms require to 

thrive, and temporal scales such as seasonal or annual variation in available resources (Morrison, 

2009).  

Understanding these needs, especially for keystone and foundation species, provides 

practitioners a starting point to investigate what can be done to improve habitat conditions. To 

understand how the needs of various organisms fit together in the ecosystem, the next step is to 

consider how food webs arise to connect these species. Building a conceptual model of habitat 

needs and food webs especially for abundant and important species, is an effective strategy for 

RPs to assess the extent to which an ecosystem is integrated and mutually reinforcing, and to 

consider what links in the system may be absent. 

Disturbance and succession. While ER practitioners should have at least a basic grasp of 

all important ecological processes, disturbance and the various paths to recovery that follow are 

central to restoration work. Disturbance is a fundamental driver of ecosystem dynamics, and lots 

of restoration work involves interventions that either follow a disturbance or that use disturbance 

to move the system towards a new state. Many types of disturbances exist, both natural and 
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human-caused, and most ecosystems have evolved adaptations to the historical 

disturbance regimes. 

An ecosystem’s response to disturbance will vary depending on the type, severity, extent, 

and frequency of the event, and the historical contingency of the ecosystem. Due to the 

complexity of dynamic processes, ecosystems will typically exhibit various alternative pathways 

to recovery that can result in alternate stable states (Suding & Hobbs, 2009).  

Nevertheless, patterns of community assembly help to understand the order and rate that 

organisms colonize ecosystems following a disturbance, and theories of succession help explain 

ongoing interactions that allow some species to establish while others die off. This colonization 

perspective (as opposed to older, deterministic theories) views succession as a way “species self-

organize into sustainable yet adaptive communities” (Clewell & Aronson, 2013, p. 80).  

Not all disturbances result in natural regeneration, particularly when irreversible 

thresholds have been crossed, such as when seed banks are eradicated, large areas lie bare 

without reproductive stocks nearby, the underlying physical conditions change drastically or 

when toxicity or other major environmental changes preclude re-colonization. In these situations, 

ecological restoration interventions have the potential to assist the process of recovery.  

Students should learn about the disturbance regimes common to their local area, 

including the signs and patterns that indicate various levels of disturbance and the range of ways 

local systems have responded to change under different circumstances. In recovering 

ecosystems, it is also important for ER practitioners to recognize evidence of succession 

dynamics and the presence or absence of ecological communities that display a trajectory 

towards ecological integrity. 

Ecological integrity and degradation. Ecological restoration is fundamentally interested 
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in moving “degraded” ecosystems towards “ecological integrity,” so it is vital that 

practitioners are able to determine whether an ecosystem is functioning effectively or if it 

requires restoration efforts to accelerate recovery.  

Ecological integrity has variously been interpreted to imply that ecosystems are healthy, 

resilient, thriving, whole, intact, or other terms that convey a general sense of normal ecological 

functioning. ER academics most commonly cite the International Society for Ecological 

Restoration (2004) definition that ecological integrity is "an ecosystem that displays the 

biodiversity characteristic of the reference, such as species composition and community 

structure, … and is fully capable of sustaining normal ecosystem functioning" (p. 7).  

The SER (2004) also describes the related term “ecosystem health” as “the state or 

condition of an ecosystem in which its dynamic attributes are expressed within ‘normal’ ranges 

of activity relative to its ecological stage of development” (p. 7). Despite efforts by some authors 

to encourage practitioners to use these two terms precisely—“integrity” to refer to ‘normal’ 

biodiversity and functioning, and “health” to refer to ‘normal’ dynamic attributes—both in the 

literature and according to experts I spoke with, these terms are often used interchangeably. 

Obvious signs of ecological integrity include evidence of healthy organisms and 

populations, biodiversity characteristic of a reference ecosystem, evidence of natural 

regeneration, and an absence of signs of degradation. For detailed descriptions of attributes 

associated with healthy ecosystems, I recommend Apfelbaum and Haney’s (2010) chapter 

“Assessing the Health of Ecosystems” (pp. 17-22), Clewell and Aronson’s (2013) “Chapter 5: 

Ecological Attributes of Restored Systems” (pp. 89-112), and the SER’s (2004) “Section 3: 

Attributes of Restored Systems” (pp. 3-4).  
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 A degraded ecosystem, in contrast, is understood as a temporarily or 

permanently compromised and lacks the normal capacity to recover to a productive and resilient 

state. To classify different degrees of degradation, the SER (2004) describes four levels of 

severity: degradation, leading to damage, destruction, and finally, transformation. 

Transformation is the total conversion of a natural system to another land use, for example when 

land is converted to an urban development or mine, or when a forest system becomes desertified. 

Clewell and Aronson (2013) elaborate on the SER’s classification system with detailed 

descriptions and examples that I have abridged in Figure 11. 

During site assessment, RPs must determine the type, extent, and severity of the 

degradation, and attempt to surmise the cause. A number of visible signs are easily recognized, 

such as soil erosion, lack of vegetative cover, disruptions to the normal hydrology, weak or 

diseased organisms, and other evidence of absent or underperforming ecological functions.  

The specific causes of degradation or inhibition to recovery, however, are not always 

immediately clear. Polster (2011) lists “filters to recovery” that inhibit natural regeneration 

common to highly disturbed landscapes, based on Hobbs and Norton’s (2004) ideas of filters that 

influence community assembly. Abiotic filters include steep slopes, adverse texture, nutrient 

status, adverse chemical properties, soil temperature extremes, compaction, adverse micro-

climatic conditions, and excessive erosion. Biotic filters include herbivory, competition, 

propagule availability, phytotoxic exudates, facilitation, and species interactions. Additionally, 

Morrison (2009) lists filters that influence whether plants and animals can successfully get 

established at site. Filters include abiotic influences such as climate, substrate, and landscape 

structure, and biotic processes like competition, predation, trophic interactions, propagule 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 53 
availability, mutualisms, disturbance, and current (and past) composition and structure 

(pp. 88-90). 

In Figure 11, below, I compare how “ecological integrity” and “degradation” are defined 

differently in four texts I reviewed. 

Author Concept: Ecological Integrity Concept: Degradation 

SER (2004; 
2005) 

 

- “The desired state of a restored 
ecosystem” (p. 7) 
- “An ecosystem that displays the 
biodiversity characteristic of the 
reference, such as species composition 
and community structure.” (p. 7) 
- Being “fully capable of sustaining 
normal ecosystem functioning.” (p. 7) 

- “Degradation pertains to subtle or gradual changes 
that reduce ecological integrity and health. 
Damage refers to acute and obvious changes in an 
ecosystem. An ecosystem is destroyed when 
degradation or damage removes all macroscopic life, 
and commonly ruins the physical environment as 
well. Transformation is the conversion of an 
ecosystem to a different kind of ecosystem or land 
use type.” (p. 5) 

Keenleyside 
et. al. (2012) 

 

- Attributes of integrity include the 
“structure (e.g., species composition, soil 
and water properties) and functional 
properties (e.g., productivity, energy 
flow, nutrient cycling), including 
exchanges with surrounding landscapes 
and seascape.” (p. 5) 
- Ecosystems with integrity exhibit 
“resilience.” (p. 5) 

- “The term ‘degraded’ refers to any harmful 
alteration…(i.e., degradation, damage and 
destruction, as defined by SER, 2004), such as the 
introduction and spread of an invasive species; the 
loss of important species interactions; the loss of 
biophysical attributes such as soil structure and 
chemistry or hydrological processes; and the decline 
in its potential to sustain livelihoods.” (p. 5) 

Apfelbaum & 
Haney (2010) 

 

“Indicators of healthy ecosystems” 
include: 
- Diversity of native species appropriate 
to the landscape location. 
- Purity of water intimately associated 
with the ecosystem.  
- Healthy populations of native species.  
- Stable soils.  
- Normal stream hydrology.  
- Diverse, healthy communities. (pp. 20-
22) 

- Degradation can generally be classified as 
“healthy—no particular problems or concerns; 
moderate problems—not healthy, but with basic 
ecological processes functioning; severe stress—loss 
of ecosystem structure and functions.” (p. 33) 
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Clewell & 
Aronson 
(2013) 

 

- “Dynamic attributes are expressed 
within ‘normal’ ranges of activity, 
relative to its ecological stage of 
development.” (p. 10) 
- “Characteristic biodiversity in its 
species composition and community 
structure and sustains normal ecological 
functioning (SER 2004).” (p. 10) 
- "Ecosystem health can be evaluated in 
terms of system organization, resilience, 
and vigor, and all of these are 
characterized by an absence of signs of 
ecosystem distress (Costanza 1992; 
Rapport et al. 1998).” (p. 10) 
 
 

- “Degradation occurs when disturbance is prolonged 
rather than severe. It can result from chronic, low-
grade disturbance. Degradation can also result from a 
punctuated series of minor impacts that occur at a 
frequency that disallows full recovery between 
impact events." (p. 38)  
- “Damage is the term applied to significant 
disturbance, or impairment, which occurs in a single, 
acute impact or disturbance event. Damage 
sometimes is sufficiently severe to cause an 
ecosystem to be transformed and switch to an altered 
state, assuming no restoration is undertaken.” (p. 39)  
- “Destruction is the ultimate expression of 
disturbance recognized in the SER Primer (SER 
2004). In the course of ecosystem destruction of a 
terrestrial system, essentially all organic matter is 
removed, including the living biomass of organisms 
and detritus.” (p. 39) 

Figure 11. Definitions of “ecological integrity” and “degradation” from four ER texts. 

To learn the healthy “range of normal” for ecosystems in their area, it helps practitioners 

to familiarize themselves with a variety of local ecosystems, some that display ecological 

integrity and others that are degraded. Traynor et al. (2014) agree that, “the ability to discern the 

interdependencies and interactions of the various elements that make up a function comes from 

observing both healthy and unhealthy ecosystems” (p. 36). 

While many characteristics that indicate ecological integrity or degradation are known, 

the practical assessment of these characteristics varies widely from practitioner to practitioner. 

Ecological integrity can be determined from an assemblage of characteristics that include both 

qualitative descriptions and quantitative measures. Ecosystem process can be difficult to see, so 

indirect measures of functionality often serve as a substitute. Examples include measurements of 

plant size, vegetation cover, seed production, vegetative reproduction, plant health, animal and 

fungal populations, changes to soil organic matter, and signs of erosion (Clewell & Aronson, 

2013). 
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Knowing what signs and symptoms to look for in healthy and degraded 

ecosystems, and the ability to measure ecosystem functions, are both essential for assessing site 

conditions and for the site assessment practice of consulting a “reference” ecosystem. I address 

these topics in more detail below, in the section on “Practical Skills”. 

Practical Skills 

A broad range of practical skills are critical to an RP’s ability to accurately assess a site’s 

condition, and all of them draw on ecological (and social) knowledge. These skills include many 

techniques to gather information, but also judgment in which techniques to use for a particular 

site, and competence with a variety of analytical tools to clearly interpret the data.  

Practical skills are best acquired through hands-on experience. Students who are just 

starting to practice ER must be introduced to a broad range of techniques to cover as many 

aspects of their future work as possible. Some of the skills I identified from the literature and 

expert interviews are already commonplace in ER field study courses, such as transects or 

quadrats for vegetation surveys, bird counts, creating site maps, or digging soil pits. While 

instruction in other skills was found to be lacking, such as identifying reference ecosystems, 

consulting the local community, or designing systematic approaches to collect and interpret data.  

There is an opportunity here to expand the range of subject matter to help students 

become competent in the full complement of skills students require to complete site assessments. 

Here, I provide a brief overview of a broad range of important site assessment skills: 

Information management. At the outset of every project, ER authors advise setting-up a 

system to manage and record information, including a systematic approach to filing, field note 

protocols, data collection forms, checklists, file back-ups, and reporting templates. 
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Document searches. Restoration projects typically start with background 

research into the whole project context. Relevant print and electronic documents range from 

project-specific reports on why restoration work is being considered and the project proponent’s 

expectations, to documents that describe the local biophysical and cultural attributes of the 

project site, including reports, data sets, field guides, correspondences, photographs, maps, and 

news articles. 

Historical conditions. Reconstructing a site’s historical conditions can help RPs 

understand how and why the site and broader landscape changed over time. Relevant information 

that can be compared to current conditions is often captured in historical photographs and 

historic documents. Field observations of the geology, soils, vegetation composition and 

structure, and/or evidence of past human land uses can all provide important clues about a site’s 

former condition. Similarly, if locals remember the site’s former condition, speaking with them 

can provide extremely valuable information. 

To gain insights into more ancient conditions, it may be necessary to consult experts in 

geology, archeology, palynology, paleoecology, or anthropology. For a thorough overview of 

strategies to investigate historical conditions, see Egan and Howell (2005) and Barak et. al. 

(2016). 

Data collection and analysis. Most authors recommend a systematic approach to data 

collection and analysis, but they offer few details on how to do this. In fact, very few 

standardized approaches to data collection and analysis currently exist to assess site conditions, 

partly because each project has unique demands (Traynor et al., 2014). More problematically, the 

lack of standard approaches is exacerbated by a general lack of experimental and data collection 

skills among ER students and professionals. Nevertheless, some systematic classification and 
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analysis schemes do use standardized, easily collected indicators, and a variety of 

authors offer guidelines. 

The techniques used to assess an ecosystem’s condition vary widely depending on the 

focus of the practitioner’s work and their training. Experts I spoke with recommended data 

collection protocols that they regularly used in their ER practice, such as the Biogeoclimatic 

Ecosystem Classification (BEC) (Meidinger & Pojar, 1991) and the “Open Standards for the 

Practice of Conservation,” (OSPC) (Conservation Measures Partnership, 2013). In British 

Columbia, the BEC system groups ecosystems based on soil, climate, and vegetation, and was 

highlighted by experts as an exemplary system with field assessment forms to classify ecosystem 

types. This system with its focus on ecosystem classification does not, however, include 

indicators to determine ecological integrity.  

Similar systems are common in other regions, and some are global in scope. The 

Conservation Measures Partnership’s (2013) OSPC for example, was mentioned as an 

internationally recognized tool to manage conservation projects that includes specific indicators 

to measure ecosystem conditions and make ER decisions. Training to use this tool and additional 

support resources are available for free online. (http://www.conservationmeasures.org/).   

Tongway & Ludwig (2011) developed “landscape functional analysis,” a quantitative 

measurement system that combines standard field measurements on soil erosion, moisture 

conditions, and vegetation cover to determine a site’s level of degradation. Originally designed 

for Australian rangeland management and since used in Africa, Southern Europe, the Middle 

East and Asia (Tongway & Hindley, 2004), I did not find examples of this method being used in 

North America.  
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Besides the classification systems described above, I did not encounter many 

systematic approaches to data collection and analysis designed specifically for determining 

ecological integrity. One exception is Morrison (2009), who outlines a series of detailed 

measurements to assess the quality of habitat for plants and animals. Traynor et al. (2014) and 

Apfelbaum and Haney (2012) briefly review the types of information practitioners should 

consider collecting, but they do not describe specific protocols or methods. Suding and Hobbs 

(2009) use case studies to show how concepts from theoretical ecology, particularly state 

transition models, can help to plan restoration projects, but ecological theory is used as a 

conceptual tool rather than a measured approach to collect and analyze useful site data.  

 Given this lack of standardized data collection approaches in ER, it is particularly 

important that practitioners are able to design experiments, collect useful data, and interpret it 

with the quantitative analytical approaches developed by ecologists to study ecosystems. But 

several experts I interviewed raised serious concerns about ER students’ and professionals’ 

ignorance of basic experimental design strategies and data analysis techniques. They suggested 

that restoration-based education should include more rigorous research method courses based on 

best practices from ecosystem science, so practitioners can gather and interpret meaningful 

quantitative data about their site. These suggestions reflect a general call from within the ER 

field for better alignment between ecology and its practical application in restoration work 

(Cabin et al., 2010; Hobbs & Suding, 2009; Temperton, 2004). 

 Given this gap in ER education, there is a need for resources that compile, evaluate, and 

teach the range of quantitative methods available to assess site conditions, both to address the 

lack of consensus on appropriate field techniques, and to improve practitioner’s ability to collect 

and analyze ecological data. While the specific techniques required will certainly vary from site 
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to site, it would be helpful for both ER students and practitioners to have a central 

resource that reviews the available approaches, describes how to choose appropriate methods, 

how to employ the techniques, and how to interpret the results. To create a full suite of 

techniques to tackle the gamut of ecological situations practitioners face, such a resource should 

not be restricted to techniques specifically designed for ecological restoration, but should also 

look to methods used by ecosystem scientists and environmental managers. 

Field equipment. Part of learning to practice ER involves becoming familiar with basic 

field tools and the techniques to competently use them. Some common tools include: a camera 

for before and after photographs; a compass, GPS, measuring tapes, a clinometer, and maps to 

navigate, identify topographic features, georeference data, and produce detailed site maps; 

reference manuals to identify species; a shovel or soil auger for soil profiles, water quality 

monitoring kits, and containers to collect soil and water samples. Other more specialized tools 

may be taught, depending on the work. For example, many ER students are trained in GIS to use 

satellite imagery, aerial photography, and remote sensing to gather and analyze site information.  

Beyond this standard equipment, there is a whole gamut of additional useful and 

commonly available (although sometimes overlooked) tools and techniques that can be used to 

understand how ecosystems work and to determine their condition. Examples include motion-

sensing cameras, audio recorders, bird audio sampling and call-back, scat collection, track pads, 

insect traps, soil organism traps, pollen traps, sediment cores, tree ring cores, radioactive isotope 

markers, and microscope techniques to study fungal spores, pollen grains, and microorganismal 

diversity in soil and water. 

As ER practices and ecological theory continue to evolve, and as existing but currently 

expensive technologies fall in price, new tools and techniques will also become available to 
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collect data on ecosystems. Examples include improvements in computer processing 

for massive datasets, LIDAR and multi-frequency image sensing, and online citizen-science 

participatory data collection systems (Sagarin & Pauchard, 2012; Schaefer & Hocking, 2015). 

Maps, photographs, and images. Maps, photographs, and other spatially explicit 

visualizations can be invaluable to interpret site patterns and depict information gathered during 

site assessment. Maps are useful even to gain a rudimentary introduction to the site, such as 

through Google Earth, but many more sophisticated map resources exist to help identify patterns 

in soil, topography, hydrology, and political or cultural characteristics at a site. Furthermore, 

remote sensing from satellites or UAVs/drones can produce detailed digital elevation models 

with surface images, and can also use multiple frequencies beyond human vision to map 

characteristics of vegetation, animals, soil, water, and geology.  

At the most basic level, practitioners create simple digital or hand-drawn maps to record 

site observations during field visits and to communicate proposed restoration work to clients. 

Practitioners need not be expert GIS technicians or cartographers, but it is very helpful to be able 

to read and create simple maps, to gather and georeference data using GPS, and to perform basic 

analyses of this data. 

Map-making was highlighted as a key practice in the literature, but although each of the 

practitioners I spoke with used maps to develop an initial sense of the site, none of them made 

maps on a regular basis as a tool for site assessment. Whether or not mapping is appropriate 

depends on the project context, including the practitioner’s level of familiarity with the site, the 

size of the site, and the scope of the project. Regardless of how ER practitioners integrate maps 

into site assessment, the ability to draw and interpret maps provides a spatially explicit way to 

understand the land and is a valuable way to demarcate the location of key site attributes. 
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Taking photographs to thoroughly document a site before and after restoration 

work is considered a best practice. Both historical images that provide clues about the site’s 

former condition and current photographs that document observed conditions can be used to 

reconstruct site history, to document work that was carried out, to note puzzling areas that 

require further investigation, or to help identify unknown species. Such photographs also serve 

as an engaging resource to communicate site conditions to clients and the local community. 

Reference ecosystems. To guide restoration design, RPs should compare their site to one 

or more reference ecosystems to identify benchmarks for the natural range of composition, 

structure, and function to understand what a restored ecosystem could look like.  

A number of helpful resources exist to decide how to choose an appropriate reference 

ecosystem, and to identify the types of information that are relevant as reference information. 

These include Keenleyside et al. “Defining Reference Ecosystems” (2012, p. 61), Clewell and 

Aronson “Chapter 7: Reference Ecosystems” (2013, pp. 136-167) and White and Walker (1997). 

RPs should select reference sites that share similar abiotic conditions, disturbance regimes, and 

other characteristics of their project site, and that also exhibit ecological integrity. Practitioners 

should also identify enough reference locations to represent the heterogeneity of the ecosystem 

being restored, including a full range of successional communities. Furthermore, many ER 

projects involve multiple ecosystems, each of which requires a well-chosen reference. 

Whether a suitable reference ecosystem exists nearby depends on the extent that the 

landscape has been modified. In some cases, reference sites are not available. When the entire 

landscape has been culturally modified over long periods so no reference ecosystems remain, but 

the underlying conditions remain historically the same, secondary sources of information can be 
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substituted for a reference, such as field guides, old photographs and maps, written 

accounts, species lists, or memories of local residents.  

When environmental conditions have changed significantly, however, so that landscapes 

no longer support the communities that historically occupied the site, then practitioners need to 

rely on the most analogous information available, and focus on restoring missing ecological 

functions rather than an “ideal” community assemblage that may no longer be appropriate. For 

example, restoration might proceed with geographically or temporally distant reference 

ecosystems that exhibit integrity under these new conditions. 

Teamwork. Depending on the scale and scope of a project, practitioners are frequently 

required to work in teams of experts from a variety of disciplines. Practitioners must recognize 

when it is important to engage experts to fill particular knowledge gaps, be it biophysical or 

socio-political. Especially in unfamiliar ecosystems and cultures, RPs often require support from 

a team that is familiar with the locality. Practitioners are not expected to have expertise in every 

domain, but they should know when and who to call for specialized skills.  

Cultural attributes. The success of restoration projects often rests on the practitioner’s 

ability to adequately consult with the local people and stakeholders, to understand the 

community’s needs and values, to balance competing demands, to effectively justify project 

goals, and then to clearly communicate plans. Compromise is inevitable, so a clear picture of the 

broader cultural, social, and economic context is essential. For example, many ER projects help 

ecosystems recover even while intense industrial activity continues. Also, local residents often 

rely on ecosystems for food, water, fuel, medicines, recreation, mental well-being, aesthetics, 

and other values that need to be considered in any restoration plan.  
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Understanding the complex social situations that shape a project starts with 

research about present and historical land uses, human-nature interactions, and legal, political, 

and economic considerations. After this basic study, however, it is important to reach out to 

locals, site users, and other stakeholders for their opinions. 

Public consultation—interviews, group consultations, surveys, or other public events—

help practitioners investigate the cultural views and values of stakeholders, and such 

relationship-building exercises and information sharing are essential to gain community support 

for restoration activities. People who rely on an ecosystem for their livelihood, recreation, or 

other uses typically have strong opinions about how the site should be re-developed. When local 

people are included in project planning, they can offer valuable social and ecological knowledge 

about current or former conditions, and insights into how best to regenerate the site.  

Despite the much-cited need to consider the social dimensions of ER, and despite the 

range of strategies that exist to reach out to locals, it seems, based on my interviews, that few ER 

courses equip students with the skills and practice to facilitate public engagement. One expert I 

interviewed cited a lack of public consultation as a reason for why projects sometimes fail. Most 

practitioners likely acquire public engagement skills on the job or contract people with special 

training. Consequently, there is a need for more tools to teach public engagement strategies for 

ER, whether through mentorships, activities such as role-playing in mock public consultations, 

or student ER projects that involve real public consultations and other forms of community 

engagement. 

Field visits. After practitioners have completed background research to prepare for 

fieldwork, actually visiting the project site is arguably the most important action of site 

assessment. Field visits that employ a combination of qualitative and quantitative techniques 
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give essential first-hand information about an ecosystem that leads to a more complete 

picture of its condition. Techniques range from simply walking, observing, and describing the 

land, to formal data collection to characterize and measure the site’s ecological integrity. If time 

permits, it is ideal to observe changes through the year with multiple visits timed to coincide 

with key phenological and seasonal events. Efficiency in field visits is a concern, particularly for 

new practitioners, and it takes experience to develop systematic approaches and to know where 

to focus data collection efforts to address the specific needs of any given project.  

Walking the land is fundamentally important to get to know the project site, as was 

emphasized by each expert I interviewed. Typical comments included: “Walk the land, get to 

know it first hand.” “Wander around…name the species…it will often take three days in the field 

before I know what's going on.” Apfelbaum and Haney (2012) echoed these suggestions: 

Getting familiar with the land requires that you get out of your pickup and pull on your 

boots… Only by walking, even getting on hands and knees to explore, can one assess 

indicators of land health and gain the needed perspectives. (p. 24) 

In practice, becoming familiar with a site is often limited by time restrictions, especially 

in projects that involve large tracts of land where only a small portion can be thoroughly 

assessed. For an accurate assessment when time and resources are limited, it is critical that the 

practitioners already have a high level of ecological knowledge of the local area; otherwise 

important aspects of the ecosystem’s condition may be overlooked. 

Instruction in restoration techniques should instill the habits of an effective practice, so 

regular field visits should be central to every ER training regime. Field visits also directly 

complement constructivist pedagogical approaches that highlight first-hand observations and 

other direct experiences in a particular place. 
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Simply going into the field, however, is not sufficient for a proper assessment: 

an array of skills must be employed, and not just the technical and social skills as outlined in this 

chapter. Experiential skills of observation, awareness, sensory perception, and intuition play vital 

roles in an effective interpretation of ecological integrity and degradation. In other words, how 

practitioners experience their environment has a significant impact on the quality of their work. 

Practitioners need to sharpen the acuity of their awareness, train their observation skills, and 

learn to interpret (or intuit) meaning from this sensory experience. In the following section on 

“Awareness,” I highlight some of the subtle yet essential aspects of the first-hand experience that 

can strengthen students’ abilities to understand ecosystems. 

Awareness 

The practitioner’s ability to feel, experience, or notice the rich details of their natural 

environment (Aware, n.d.) relies on multiple ways of knowing and a broad suite of competencies 

not typically emphasized in ER training. Many of the practical skills introduced in the previous 

section require research, technical, or social skills, but the competencies associated with 

awareness uniquely involve a person’s direct experience of an ecosystem. 

Practitioners can develop awareness in many ways. By paying attention to their full body 

experience in ecosystems, sensory acuity is heightened. By learning to focus their attention (and 

where to focus it), they will notice details that might otherwise be missed. Through reflection, 

practitioners develop a personal store of experiences on which they can draw. And by integrating 

their ecological knowledge with their hands-on experience of ecosystems, they can make more 

informed decisions. 

Developing a high level of ecological awareness requires a lifetime of effort. In this 

section, I introduce the ways of knowing that were raised most frequently during my interviews. 
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I have also integrated concepts from the literature on site assessment, which generally 

recognized the importance of awareness, but these sources tended to lack specific 

recommendations on how best to develop and employ these fundamental skills. 

First-hand observation. Becoming observant is one of the most foundational and 

pragmatic skills for practitioners to learn. Here I refer mainly to field observations that use the 

senses attentively, perhaps aided by binoculars, microphones, or other field-based tools that 

directly extend the senses. Many ways to observe the natural world such as microscopes in labs 

or remote-sensing satellites and drones are useful, but are not emphasized here. 

Acute first-hand observations are central to natural history training, but the awareness 

skills of the naturalist have largely fallen out of vogue in ecology and biology and are 

unfortunately overlooked in many college and university programs (Boulter et al., 2015; 

Fleischner, 2005; Sagarin & Pauchard, 2012). Keen observers of the natural world, however, are 

able to notice tremendous detail in the ecosystems they visit, and their observations can lead to 

important insights. To interpret ecosystems, Clewell and Aronson (2013) add that there “is a lot 

more than meets the eye” and that we need to “‘think like an ecosystem,’ which is not an 

everyday occupation” (p.71).  

Seeing and then naming the parts of the ecosystem is the first step towards improving 

observation skills. Being able to name organisms and the abiotic attributes of their environment, 

and learning ways to describe these elements, leads people to quickly interpret great detail in the 

ecosystems they visit. Many authors, including Apfelbaum and Haney (2010), also advocate 

describing what is observed in the field since this forces “you to observe more carefully. The 

more you see and think about each community, the more insight you will have about how to 

restore it” (p. 27).   
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It is clearly beneficial for restoration practitioners to also be naturalists. The 

experts I interviewed claimed to appreciate a high level of detail in the ecosystems they visited. 

When I asked how students could acquire this awareness, the resounding answer was to develop 

a regular natural history practice. A practitioner noted, “One of the key skills for site assessment 

is good natural history.” Developing the skill set of a naturalist involves frequent visits into 

ecosystems to observe organisms and their behaviours, life cycles, growth habits, and 

interactions with each other and other species, and their environment. Over time, as practitioners 

build up their natural history repertoire, their awareness of ecological patterns also deepens. 

One practitioner mentioned how forming a deep knowledge of local systems can translate 

into easy identification of ecological patterns in new, unfamiliar places. Apfelbaum and Haney 

(2010) add, "Erosion will look similar anywhere in the world, but the plants that colonize such 

locations can range from persistent and aggressive weeds to rare native plants" (p. 26). This 

reflects the idea that common patterns exist across natural systems even though the specific 

compositions and structures play out differently from place to place. 

  One expert lamented “the green blur,” a phenomenon where an epidemic of nature-deficit 

disorder (Louv, 2005) means many people cannot even identify the most common trees and other 

plants. When people neglect to spend time observing nature, the living world will tend to “blur” 

for them as they overlook the infinite detail of textures, colors, and patterns that nature displays, 

not to mention the diversity of species, habitats, and ecological interactions.  

At the other end of the awareness spectrum, expert naturalists and ecosystem stewards 

who work closely and regularly with the land can be viewed as nature connoisseurs who 

experience living systems in rich detail. To become a nature connoisseur, as for a fine wine, 

requires focused effort and long-term persistence to hone a taste for the endless depth and variety 
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of the subject, knowing that each subtlety can tell a profound story to an attuned 

master. And so it is for those who master a deep repertoire of ecological awareness and 

knowledge. 

People can employ a wide range of strategies to hone their nature observation skills. 

Many natural history teachers feel there is no substitute for spending time in still and silent 

observation, and they recommend that people visit the same spot regularly, even daily, for at 

least half-an-hour to an hour (Young et al., 2010). Other activities such as tracking and foraging 

can also be very helpful. The impact of these experiences can be deepened through writing, 

photographing, drawing, or mapping observations, collecting samples to identify, and recording 

questions that arise in the field and investigating them. Fundamentally, the practice of nature 

observation is one of looking for patterns, looking beyond the organism, structure, or function to 

make sense of how the parts fit into the greater whole. 

Sensory perception. Our environment constantly gives off perceptible signals we can 

use to interpret meaning about ecosystems, if we employ all our senses. Smells, textures, sounds, 

and tastes can all offer valuable information. Sometimes these clues are subtle and other times 

they are obvious. Clewell and Aronson (2013), for example, describe feeling changes in 

microclimate when you “walk into the refreshing coolness of a shaded forest on a hot day” (p. 

47). While the literature mentions using sensory perception as a potentially rich source of 

information, beyond general advice to practice observing, I found no instruction about how to 

develop this awareness nor how to apply it to ER fieldwork. 

I asked experts how they used their senses to gather information and the majority readily 

cited examples when sensual information had provided important insights. They mentioned using 

touch to feel the soil, wind, temperature and plant textures; and using smell and sound to identify 
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species and materials. Visual information is also tremendously valuable, of course, for 

example to provide insights about landforms, cover types, and the condition of the ecosystem. 

Commenting on the sensory experience of fieldwork, experts shared: 

• “Touch is memorable … You have to pay attention to what your body feels.” 

•  “Scratch and sniff is a big part of ID-ing things.” 

•  “I often say, ‘You don't have to see them to ID them.’ You only have to smell cow 

parsnip once to know it.” 

•  “I use sound for bird counts, and to tell whether a buffer is working. Is the sound 

muffled? Or can I still hear things from far away?”  

• “I spend most of my time doing physical work, touching plants, collecting seeds, moving 

soil or leaf mulch, planting … It's a tactile job, I am always relying on my senses to give 

me information.”  

Not everyone agreed sensory information was relevant to site assessment, however, and 

two of the seven people I spoke with were concerned that the senses could be unreliable. They 

suggested that measurements and systematic approaches provided better indicators of the land’s 

condition.  

Whether or not a person’s sensory observations are useful certainly depends on the 

quality of their observations, and that is related to how much practice and dedication they have 

invested to develop sensory skills. Sensory observations are, of course, only one source of 

information, and multiple lines of evidence that include both formal and informal approaches to 

information gathering should be used to piece together an ecosystem’s condition.  

Intuition. Although a subjective source of information to assess a site, intuition is 

especially useful to provide first impressions and to help practitioners draw their attention to 
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problem spots and unique ecosystem attributes. On the other hand, an over-reliance on 

intuition and first-impressions can bias observations and potentially create blind spots in the 

assessment. 

I use intuition here in the sense of a gut feeling, the kind of unconscious processing that 

arises based on a mix of past experiences, attentiveness to detail, and creative interpretations. Of 

the ER texts I reviewed, only Clewell and Aronson (2013) explicitly suggest a role for the 

“intuitive realm” in restoration work, referring to Kuhn’s idea that “all science depends on 

flashes of intuition for the development of hypotheses and the evaluation of data” (p. 29). 

Interestingly, Clewell and Aronson also suggest that intuitive impressions about ecosystems arise 

when practitioners feel connected to nature.  

When I asked ER experts if intuition played a role in their site assessment practice, some 

were unequivocally supportive of intuition as a valuable way of knowing. One practitioner said, 

“Yes, absolutely it’s important, I use intuition all the time…[Intuition is about] bringing back the 

human into science.” The same participant also offered, “You have to be open to see certain 

things. It takes curiosity and interest.” 

Several experts said they often use intuition to form an initial impression, and then follow 

up by measuring indicators to back-up the impression. One participant explained: 

Intuition comes first and then you back it up with the numbers … Most people have 

formed 50% of their opinion about the site within seconds of getting out of the truck ... 

Intuition is important but people will want to know how you formed your assessment. 

Other expert academics I interviewed had mixed feelings about the importance of 

intuition for assessing an ecosystem’s condition. They acknowledged the potential to provide 

useful information, but cautioned intuition could be “misguided” and that people tend to “intuit 
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what they know and may overlook what they don’t know.” Before settling on a 

conclusion about site conditions, there is certainly a strong case to use more rigorous approaches 

to back-up hunches that arise. 

It is likely that a person’s intuition is only as good as the combination of their knowledge, 

experiences, and attention to intuitive thoughts. Whether conscious or not, intuition—essentially 

a well-informed bias—influences observations, interpretations, and decisions, so students and 

practitioners should attempt to consciously consider how intuition influences their site 

assessments. Paying attention to one’s intuition can help assess the usefulness of this way of 

knowing as well as hone the use of intuition as a skill. 

One question remains for restoration curriculum design; even if intuition is a worthwhile 

skill, is it something that can be taught? In the ER field, there is no writing about how to develop 

this skill. In the literature specifically about intuition and the role it plays in our lives, it is most 

often described as unconscious processing that draws associations with past experience for quick 

decision-making (Dörfler & Ackermann, 2012; Salas, Rosen, & Diaz-Granados, 2010). 

Consequently, teaching this skill to novice practitioners could be difficult if they lack basic 

knowledge or a store of experience to draw on for unconscious processing.  

Even if intuitive notions early in a person’s ER career could be misguided, it is at least 

possible to encourage a reflective practice to pay attention to intuition as it arises and consider its 

potential value. Moreover, intuition can be appropriately exercised by students in fields where 

they do have extensive knowledge and experience. Exploring the value of intuition and how it 

works in these familiar settings could help transfer the skill into students’ interpretations of 

ecosystems. 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 72 
Adaptive management. Reflective and observant practitioners adapt their 

practice to integrate new insights as they emerge. Adaptive management begins with the 

assumption that there are many unknowns, so projects have to respond flexibly as new 

information becomes available. Technically, this is achieved in an iterative process in which a 

“learning loop” informs and updates project steps as they progress (Allan & Stankey, 2009). The 

approach is commonly employed by ecosystem managers to make robust decisions in the face of 

uncertainty, and is useful in ecological restoration for the same reasons.  

The ER texts I reviewed highlight adaptive management as an important best practice. 

The IUCN (2012) document, Ecological Restoration for Protected Areas, describes how to 

integrate an adaptive process into ER work with four iterative steps: monitor, evaluate, adjust, 

and communicate (pp. 51-53). Ongoing project monitoring gives managers data from which they 

can determine whether or not adjustments to the process need to be made and then communicate 

these changes to the rest of the ER team. ER project teams should commit from the outset to 

manage projects adaptively, so that when the need to change course arises, everyone is on-board.  

Adaptive practitioners keep the restoration process flexible, revisit steps as needed, and 

are responsive to the learning that occurs as projects unfold. Students can acquire this type of 

awareness if they integrate an adaptive approach into their learning. Just as uncertainty and many 

unknowns face project managers, students and novice practitioners face gaps in their knowledge 

and skills. By taking regular time to reflect on what they have learned—in a sense an ongoing 

process of self-monitoring—they can adapt and update their educational path to better meet their 

needs and challenges. 

Project constraints. Practitioners must be aware of the important constraints that may 

limit their site and project if they are to properly understand the whole project context. 
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Constraints include all the biophysical and socio-political factors that limit project 

outcomes, whether spatial or temporal, physical, cultural, economic, or conceptual. Basic 

examples include limits to project resources and finances, legal restrictions or requirements, 

project timelines, the degree of local community support, acceptability of methods, or changes to 

climatic conditions that shift the type of community a site can support. Practitioners should be 

able to identify and understand how all the various constraints limit a project. 

Many spatial and temporal constraints exist at particular scales that, when considered 

relative to the scale of the project, can impact how a practitioner may choose to respond to the 

constraint. In addition to the physical size of the site, the scale of the project can also be defined 

in terms such as the timeline to complete the project, and the scale of response to address the 

problem. Although a project will have little influence on large-scale constraints such as a site’s 

historical trajectory, or regional climate changes, these macro issues will certainly have the 

potential to support or deter restoration. Practitioners are more likely however, to be able to alter 

site-level processes such as species interactions, water absorption rates, and microclimates.   

Practitioners should identify the scale of constraints they can directly alter, such as the 

ecosystem’s rate of recovery, soil imbalances, or the presence of diverse genetic material, and 

then consider these options within the available resources and expected timelines. One tool that 

can be tremendously helpful to determine which site and project attributes will support or 

constrain the project’s likelihood for success is Traynor et. al.’s (2014) SWOT-C analysis 

introduced in the next section on “Decision-Making”. 

Decision-Making 

After practitioners have collected site observations and other information to put the whole 

project in context, the final tasks of site assessment are to diagnose the condition of the land, to 
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decide where to focus interventions, and determine what types of actions may be 

appropriate. Making sound decisions is a complex skill that requires lateral thinking as 

practitioners synthesize multiple lines of evidence obtained through multiple ways of knowing. 

After a final assessment is made of the site’s condition and the best ways to address the problem 

are chosen, then specific goals and objectives are set and planning for implementation of 

interventions can begin. 

 Leitbild. Before practitioners set practical goals and objectives, it is useful to visualize the 

site’s future ecological potential. Traynor et al. (2014) call this creative, uninhibited 

visualization, “Leitbild,” a German term for “model,” “vision,” or more precisely a mental image 

of the ideal state. They encourage practitioners to answer the question: “What would you do if 

you had all the time needed, all the money required, and no outside restrictions?” (p. 38). Only 

after practitioners have an ideal restoration target in mind, should they temper this vision with 

practical constraints. 

Goals and objectives. Explicit goals and objectives are the primary output of site 

assessment work and, as ER experts agreed unanimously, are absolutely essential so everyone 

involved is clear about the project’s direction. Goals are broad, anticipated project outcomes, 

while objectives define the specific tasks that will be completed to achieve the goals.  

The lofty goals of the ideal “Leitbild” restoration target are grounded by project 

constraints so as to be realistic and practical, and then specific objectives are set towards these 

goals. Traynor et al. (2014) suggest using S.M.A.R.T. criteria to design objectives that are: 

Specific, Measurable, Attainable, Realistic, and Time-bound (p. 42). Thoughtfully designed 

goals help focus restoration plans and are often used as benchmarks to evaluate a project’s 
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success. To improve support for the project, crafting goals and objectives is best done 

in consultation with all stakeholders. 

SWOT-C analysis. Very few systematic tools exist to help practitioners assemble an 

overview of the site conditions and project context, despite the critical importance of site 

assessment information for decision-making. One exemplary and comprehensive framework, 

however, is Traynor et al.’s (2014) SWOT-C approach, short for: Strengths, Weaknesses, 

Opportunities, Threats and Constraints (see Appendix D for a diagram of this approach). This 

tool is used to identify and prioritize actions through a systematic analysis of information about 

the project and ecosystem.  

Practitioners assess the five elements of SWOT-C separately in each of four categories: 

the general, physical, and biological attributes of the site, and the anticipated site improvements. 

The results are synthesized, for example in a table, to produce a clear overview of project assets 

and challenges. The output can be used to determine goals and actions that make the most 

ecological, technical, financial, and socio-political sense. 

Strategies to support decision-making. Except for SWOT-C approach, I did not find 

any step-by-step tools to teach novice ER practitioners how to make a final evaluation based on 

their site assessment. Various authors offer advice on ways to use site assessment findings to 

make appropriate decisions, but few of these tips rise to the level of an overall strategy.  

General advice includes considering how to resolve abiotic issues before biotic ones and 

to determine the most effective interventions for the least amount of effort. Other advice to 

identify the type, cause, and severity of the problem, and to recognize missing site functions, is 

already implicit in a thorough site assessment. Similarly, a solid assessment should already have 

identified areas of uncertainty that require further research. In general, ER practitioners are 
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simply encouraged to ask a broad range of insightful questions about the ecosystem 

and project context, the best of which I have compiled from the literature I reviewed in Appendix 

E. 

The lack of systematic decision-making tools and strategies is partly because there is no 

‘one size fits all’ approach to ER projects. When I asked experts how they drew conclusions 

from information gathered during site assessment, they answered that decision-making was 

highly context-dependent. Rather than rely on a step-by-step method, experts recommended that 

practitioners instead develop a broad understanding of common ecological problems by studying 

ER case studies and through personal experience. The best strategy for decision-making, one 

said, is simply to focus on the most obvious problems. 

Nevertheless, systematic decision-making protocols to support practitioners through this 

critical project step likely already exist in related environmental disciplines and other ER articles 

that fell beyond the reach of my review. It would be valuable for a future project to 

comprehensively evaluate potentially useful tools that could be adapted for restoration project 

decision-making. Furthermore, there is certainly an opportunity to create curriculum to teach 

decision-making approaches, perhaps framed as problem-based case studies where students are 

given real or imaged scenarios to solve (eg. Schaefer & Gonzales, 2013) or where they are given 

tools to structure how they approach site assessment and multiple opportunities to practice 

making assessments. 
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Chapter 5: Curriculum Design to Read the Landscape  

In conventional educational settings, the content presented in Chapter 4 would most 

typically be communicated through lectures, readings, discussions and assignments. Although 

field courses, practical projects, and mentorship are also often part of restoration education, there 

is a rich opportunity to enhance restoration education by including more experiential approaches 

into ER curricula.  

To meet my thesis goal of creating an engaging restoration-based curriculum, I used 

content introduced in Chapter 4 to design an experiential learning resource that will help students 

and ER practitioners “read the landscape” and complete site assessments for restoration projects. 

In Appendix F, I present a draft of the activity book that resulted from the curriculum design 

phase of this project: The Site Assessment Activity Book: Read the Landscape for Ecological 

Restoration.  

As a teaching resource, this activity book offers a unique combination of practices to 

perform site assessments and pedagogical approaches from environmental education. The 

twenty-nine activities I developed are listed in Figure 12, beside the core concepts each activity 

addresses—concepts that my analysis identified as either fundamental or frequently overlooked 

by ER practitioners and educators. Below, I explain the foundational elements that I used to 

design the curriculum.  

 

 Activity Title Core Concepts  

E
co

lo
gi

ca
l 

K
no

w
le

dg
e 1. Ecosystem Connections Ecosystem composition, structure, & function 

2. Hello, Who Lives Here? Qualities of habitat 
3. Exploring Food Webs Connections between species 
4. Observing Disturbance and Recovery Disturbance regimes and ecological recovery 
5. Design a Scale to Represent 
Ecological Integrity and Degradation 

Assessing ecological integrity and 
degradation 
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 6. Analogies for Ecological Knowledge Understanding ecological patterns 

Pr
ac

tic
al

 S
ki

lls
 

7. Don't Leave Home Without your 
Basemap Creating site maps 

8. Where's the Watershed? Reading topographic maps to delineate 
watersheds 

9. Photo Monitoring Through the 
Seasons Photo-documentation 

10. Consult an Expert Seeking expert advice for specialized 
information 

11. Community Interviews Public engagement 
12. Host a (Mock) Public Consultation Public engagement 
13. Shifting Landscapes Investigating historical conditions and 

ecosystem change 
14. Where's my Reference Ecosystem? Identifying suitable reference ecosystems 

A
w

ar
en

es
s 

15. Initial Impressions Developing intuition & reflection 
16. Sit Spot: A Practice for Ecosystem 
Awareness Developing strong observation skills 

17. Hide and Seek Developing strong observation skills 
18. Neighbourhood Patterns Developing strong observation skills 
19. Sensory Mapping Using sensory perception 
20. Soundscape Walk and Acoustic 
Monitoring Using sensory perception 

21. Natural History Drawing Developing strong observation skills 
22. Visualizing Scale Considering spatial and temporal scale 
23. Investigating Climate Change 
Impacts Recognizing the impacts of climate change  
24. Adaptive Learning Through 
Reflection Being a reflective ER practitioner 

D
ec

is
io

n-
M

ak
in

g 

25. Sleuthing for Filters to Recovery Naming the causes of degradation 
26. Assess the Whole Project Context Overall project analysis and decision-making 
27. "Leitbild": Visualizing Site 
Potential Visualizing future site potential 

28. Project Goals and Objectives Defining goals and objectives 
29. Guided by Curiosity Asking good questions 

Figure 12. Site assessment activities and the core concepts they address. 

Curriculum Design Using the ADDIE Model  

Analysis, design, and development. For now, the draft activity book chapters are 

organized into the four ways of knowing and competencies that mirror my analysis (Chapter 4): 

Knowledge, Practical Skills, Awareness, and Decision-Making. Since these categories are not 

compartmentalized in real life, for future drafts, I intend to provide a logical order to the 
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activities that reflects how they might be introduced in a course. While the four 

competencies will still be highlighted, the activities will likely start with the foundational 

concepts and skills followed by those that are multi-stepped and more complex. 

To expand the scope of typical introductory courses, I explicitly chose content for the 

activities that would encourage systems thinking and ecological pattern recognition. The 

curriculum is also designed to motivate students to hone their senses, to be reflective observers 

of biophysical processes, to meaningfully interpret the parts and processes of natural systems, 

and to consider the whole project context, including socio-cultural factors, when assessing an ER 

site and project.  

The curriculum I present also diversifies the way content is delivered by drawing on 

constructivist approaches to learning namely, place-based, problem-based, experiential learning 

theories. As I developed the site assessment activity book, I also used Root-Bernstein’s (2014) 

tools for creative thinking to identify specific perspectives and ways of knowing that can help 

people comprehend the complexity and dynamism of ecosystems. My challenge was to reflect all 

these pedagogical influences in a curriculum of activities that are effective learning tools that 

appeal to a diverse audience. 

Place-based Learning Experiences 

In the activities, learners explore local ecosystems and communities first-hand, 

developing the perspective that students do not need to travel to faraway places to learn about 

nature. On the contrary, the curriculum encourages students and teachers to recognize the 

abundant opportunities to learn about ecosystems right outside the classroom in everyday 

contexts. The campus and nearby neighbourhoods of most educational institutions offer ready 

examples of ecological integrity and degradation.  
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Some activities, however, do require learners to travel to observe specific 

situations. For example, to identify a reference ecosystem or to observe a particular type of 

degradation, such as a mine site or an eroding stream bank, there can be no substitute for directly 

observing those locations.  

In the field, the activities are designed to get learners to experiment with diverse 

strategies to investigate ecosystems. In some cases they hone their sensory perception to gather 

information they might have overlooked before, or they take photographs to compare detailed 

characteristics between ecosystems. In a related vein, many activities integrate theoretical 

ecological knowledge as students identify tangible examples of ecosystem parts and processes in 

the field. There are also opportunities to practice applied skills, such as mapping and public 

consultations. For example, students might interview people to learn about the cultural values 

imbued in a particular place. 

Solving Problems with Creativity 

The activities also try to capture the interest and excitement that often arise from solving 

problems. Rather than give students prepared information to memorize or file away, they are 

instead presented with a simple outline of a problem or task that can be executed in a variety of 

ways. I deliberately provide minimal instructions to keep the learning experiences open-ended 

and to create space for unexpected outcomes. 

Students first identify and research the background concepts they determine are needed to 

complete the activities, and then they decide which direction to explore and where to focus their 

efforts. The activities are designed to be broad enough to encourage students to draw upon 

innovation and creativity. Finally, to reinforce what was gained from the experience, a critical 
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feature of the activities requires students to reflect on the learning process. Reflections 

can either be communicated through group discussions or as written reflections. 

To help students build their creativity to solve problems, I drew directly on the thirteen 

Root-Bernstein tools for creative thinking introduced in Chapter 2 (see Figure 2 for a complete 

list). Each activity in the book lists the creative thinking tools that are most relevant for that 

activity, and in the introduction to the book I encourage facilitators to discuss these tools with 

learners. Such discussions can encourage students to reflect on the role creativity plays in 

discovery and learning, and to motivate students to experiment with and cultivate these skills. 

The activities use “Observing,” “Body Thinking,” and “Empathizing” to develop creative 

perception. Observing is the number one tool at a practitioner’s disposal to interpret ecosystems, 

so it appears in almost every activity, but many other ways to hone creativity are also exercised. 

Body Thinking is fundamental to activities that cultivate awareness, especially those that require 

sensory perception. Empathizing, an age-old tradition among wildlife trackers, can help students 

consider species’ habitat needs and expected growth habits or behaviours.  

To develop ways to visualize ecosystem processes and components, certain activities 

emphasize “Imaging,” “Dimensional Thinking,” “Abstracting,” “Recognizing Patterns,” and 

“Forming Patterns.” Imaging, for example, helps students visualize the potential to change the 

structure and composition of an ecosystem in the future, or how the site’s historical conditions 

once looked. Dimensional thinking helps students to develop mapping skills and to represent 

other information with spatial or temporal attributes. Abstracting trains students to focus on a 

single element within the whole system. Recognizing and forming patterns are helpful skills to 

identify ecosystem components and processes, and provide the basis on which students can 

interpret signs of ecological integrity or degradation. 
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Activities use “Modelling,” “Analogizing,” “Transforming,” “Synthesizing,” 

and “Playing” to pull together different ways of knowing into new ideas, and to communicate 

these ideas with other people. Modeling happens when students create conceptual models or 

maps to represent complex interactions in an ecosystem. Transforming ideas to think about them 

in different ways and communicate to different audiences is also an essential skill. Practitioners 

may for example, transform ideas from academic journals and technical treatises in one instance, 

to personal perceptions and understandings, to public engagement and communication with 

clients. Synthesizing multiple perspectives and ways of knowing has a strong role in the 

decision-making stages of site assessment, for example, to piece together multiple lines of 

evidence to decide what restoration work needs to be done, or to create a multimedia 

presentation about the site conditions to clients. Playing is often undervalued as a way to learn, 

especially in adult education, but it provides light-hearted opportunities to make incidental and 

serendipitous discoveries in ecosystems. 

Nature Connections 

It is also an explicit goal of the activities to connect people with nature. I use the term 

“nature connection” for the feeling of emotional affinity to nature, a self-identification of being 

part of nature, and a sense of responsibility to care for nature. These bonds are increased by 

spending time outdoors in direct contact with ecological systems—particularly if one’s attention 

is focused on the experience. Consequently, I designed curriculum that is built on personal 

experiences, focused on awareness, and centered in place not only to benefit from the 

pedagogical advantages of constructivism, but also to incrementally strengthen students’ bond 

with the natural world through regular, direct contact. The experience of completing the 
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curriculum may help students strengthen their connection to nature, with associated 

personal and professional benefits. 

As students explore ecosystems and develop an eye to interpret signs of ecological 

integrity and degradation, the intimate experience of investigating an ecosystem’s condition will 

hopefully inspire the sense of responsibility that can arise from feeling a general bond to natural 

systems, and so motivate people to restore degraded land. Over time, if students continue to 

explore and reflect on ecosystems in the variety of ways encouraged in the activity book, their 

ecological knowledge will continue to grow along with a stronger relationship to nature. This, in 

turn, should improve their ER practice. 

A General and Professional Audience 

In this first draft, the curriculum is designed to be accessible to people from a wide 

variety of backgrounds. Although the primary target are novice ER students and practitioners 

who wish to improve their practical and intellectual grasp on site assessment approaches, the 

activities are also written to have a general appeal to anyone who wishes to better understand 

how ecological systems work. With future revisions however, I will narrow the focus of the 

audience to undergraduate students, since they represent the most likely group to use and benefit 

from the book. 

As I created the activities however, I envisioned a broad audience beyond ER 

professionals since the basic skills and topics of ecological restoration have direct relevance for 

many situations. First-hand observation and awareness, natural history, mapping, ecological 

understanding, decision-making, and communicating observations are competencies that can 

help anyone who works with natural systems, from land owners, gardeners, farmers, and 

ranchers, to trail builders, park managers, or developers. At its foundation, the ways of knowing 
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practiced in the activities are fundamental to anyone with a desire to competently 

observe and interpret natural systems, and then act to improve ecological integrity. 
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Chapter 6: Discussion and Conclusions 

Curriculum Limitations and Next Steps 

The twenty-nine activities I developed for this thesis project are included as a stand-alone 

resource in Appendix F. The goal of the Site Assessment Activity Book is to contribute new 

content to ER courses that will help students develop their ecological knowledge, awareness, 

practical skills, and decision-making; but it is not meant as a complete curriculum for the subject 

of site assessment. Furthermore, while these activities are the culmination of substantial 

groundwork, they are presented here in draft form and will benefit from further refinement as 

outlined in this chapter. 

The activities represent a wide-ranging sample of content from the analysis chapter, but 

not every concept is addressed. Rather, the activities should complement other resources and 

approaches that are already standard training for novice ER practitioners. Furthermore, the 

progressive and engaging style is also intended to set an example for how future ER curricula 

could be designed. To this end, the appended draft begins with a “User’s Guide” that gives 

general instructions for facilitators, followed by a description of the standard layout of each 

activity. These instructions detail practical considerations for facilitators as they consider how to 

integrate the activities into their instruction, and they convey the underlying constructivist design 

intentions of this resource. Each chapter starts with a short introduction and lists the activities 

and learning objectives covered in each section. 

I focused activities specifically on site assessment concepts that are typically 

underrepresented in ER courses, but I kept the scope of the activity book within the realm of 

qualitative skills that enhance the first-hand experience of the practitioner as they observe site 

conditions. While there is certainly a need for better resources on quantitative field techniques 
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for site assessment, developing these resources would be a substantial undertaking 

considering the time required to research technical protocols for each method. This was beyond 

the scope of my project timeline, consequently, the book does not contain activities to address 

this need. 

Other areas that would benefit from further curriculum development, but which I do not 

cover, include additional activities to instruct students how to assess ecological integrity, how to 

identify important natural processes, and how to develop superior project management skills, 

especially for decision-making. 

Evaluation and implementation. Another limitation of this resource is the lack of a 

formal evaluation rubric that facilitators can use to assess the quality of learning that occurs for 

each activity. I do however encourage facilitators to have students reflect on and take 

responsibility for their learning. Each activity includes reflection questions to help students and 

instructors debrief their learning as a form of self-assessment. Nonetheless, there is room to 

develop a rubric to assist facilitators when formal evaluation is a program requirement.  

Such an evaluation tool should emphasize the quality of the student’s learning above any 

fixed outcomes on specific content. In constructivist approaches to evaluation, the emphasis is 

often on the learning journey, the personal relevance, and usefulness that the experience has for 

the student (Leong, 2012). The extent each student benefits from a learning experience will 

depend on where they started, their abilities, how they engage with the material, and how they 

integrate what was learned into practice. Especially considering the diverse directions students 

can take each activity, any evaluation rubric should be sufficiently flexible to assess the range of 

knowledge and skills that students may learn from engaging with the material.  
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While an evaluation should remain flexible it is also useful if the specific 

learning outcomes for each activity are provided, including the concepts and skills learners 

should strive to acquire. For additional insight to design an evaluation rubric, I would base 

criteria on best practices for curriculum evaluation specific to science education (e.g. Hipkins et. 

al., 2002).  

A final and significant limitation is that the activities have yet to be tested with a real 

audience. Unfortunately, given the large time commitment to trial the activities, I was not able to 

complete this step. Gaining feedback about the effectiveness of the activities as a learning 

resource, however, is crucial and must take place before the Site Assessment Activity Book is 

ready to publish. All the activities should be tested with a range of expected audiences, to collect 

feedback that would be used to improve the content and the ways the curriculum is delivered. 

Specifically, this feedback could be used to determine if the activities achieve the stated learning 

objectives, whether they contain sufficient background content and clear instructions, and if the 

amount of time required to complete each activity is adequate. This feedback phase could also 

identify whether additional resources such as tables, checklists, readings, or handouts are 

required to support students. 

To test the curriculum, I could partner with an educational institution to deliver the 

activity book with several ER classes. Alternatively, I could send drafts of the activities to ER 

instructors and ask them to choose and complete several with their students. In either case, I 

would include specific questions to focus feedback on what worked and what should be changed, 

for both the content and the activity design. Ideally, I would receive comments from both the 

facilitators and students. In addition to feedback from others it will be essential for me to deliver 
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the activities to a variety of audiences so that I can form my own assessment of what 

needs reworking. 

Before the activity book is ready to share for testing or to publish, the book also requires 

an introductory chapter to describe the purpose and key concepts of site assessment, and the 

curriculum design influences. This introduction would, in effect, condense the concepts I have 

presented here in Chapters 1 to 5. Additionally, to build the resource section for each of the 

activities, I would identify and consult similar types of learning experiences offered in other 

fields and by other organizations to add depth to the activities I created for site assessment. Other 

elements required to complete the book include a table of contents, illustrations and diagrams, a 

concluding chapter, an index, suggested readings, and a glossary. 

Once these final steps are completed, the book would be ready to launch. The activities 

could either be published on their own or as part of a broader initiative to create curricula for 

other aspects of ecological restoration. To generate interest in the activities among ER 

instructors, I will need to advertise this resource through ecological restoration journals, 

newsletters, and conferences. This could be accomplished by publishing a short journal article to 

share the main ideas presented in this thesis. 

Conclusions 

With the tremendous ecological challenges facing societies around the world, more 

people need to understand these challenges, learn to diagnose them and develop strategies to 

intervene with creative solutions that restore and bolster ecological processes.  

Learning to read landscapes with ecological restoration goals in mind is a critical and 

foundational skill for every ER practitioner. The success of restoration work rests on the 

practitioner’s ability to interpret the biophysical site conditions and to understand the broader 
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socio-political context that characterizes a project. Especially for novice practitioners, 

making sense of all these potentially relevant factors can be daunting.  

Since site assessment is a complex task that involves many steps and, especially given the 

diverse situations practitioners encounter, it may not be possible to create standardized 

approaches. Nevertheless, there is certainly room to create additional protocols, tools, and 

resources to support RPs as they learn to diagnosis site conditions and develop an understanding 

of the whole project context. To this end, as novice ER students train to be restoration 

practitioners, resources that reflect the diversity of sites and situations, and that develop a 

broader range of observational and analytical skills are needed to support approaches already 

employed to teach ER. 

Such curricula should address the four broad themes identified in this thesis, collectively 

a set of competencies or ways of knowing. First, practitioners require a theoretical foundation of 

“Ecological Knowledge” to understand how ecosystems function. Hands-on techniques and other 

“Practical Skills” are necessary to collect and analyze data. To properly observe, experience, and 

assess ecosystems in the field, RPs must also cultivate “Awareness.” Finally, solid “Decision-

Making Skills” are essential for the RP to put these pieces together to set goals and design 

strategies to intervene. 

As I have argued here, there is also room to integrate innovative approaches to help 

students develop these skills. The practice of site assessment and reading the landscape in 

general requires direct, hands-on experience to interpret ecosystems and the social-political 

context; therefore, it is appropriate to teach these skills using place-based, experiential, and 

problem-based approaches to learning. Combining these approaches to learning with the subject 

matter of site assessment should provide students with many opportunities for fulfilling, creative 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 90 
interactions with the environment. The experiences that arise from engaging with this 

educational resource will hopefully enhance people’s ability to ‘read the landscape,’ and help 

practitioners make more skillful, and useful, site assessments. 
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Appendix A: All Open Codes and Word Cloud 

1. List of all Open Codes  

INTRODUCING ER & SA: 
assist recovery, benefits of ecosystem restoration, biosphere support, connecting with an ecosystem, core ER questions to 
consider, ecological restoration project steps, ER analogies, ER as hopeful practice, facilitating recovery, field trials, future 
research, gaia, goal of site analysis, the, history of surveying, description of, humans have the responsibility to restore, humour, 
interesting papers to follow-up on, invasive species issues, legacy, utility, recovery models of ER, natural capital, naturalness, 
need for links between theory and practice, need for more ER training, place attachment, familiarity and understanding 
restoration goals, potential negative impacts of restoration, purpose of ecological restoration, responsibility to act, restoration 
2.0, restoration draws from many fields, restoration is not design, time & nature connection. 
 
ECOLOGICAL KNOWLEDGE: 
ability of soil to cycle and retain nutrients, aspect, assess species and habitat, assess the fate of mobile resources, basic plant 
strategies, beneficial system properties & processes, biological, biological processes and function, biophysical features to look 
for, biophysical-socioeconomic processes that need to be resolved, biotic communities, biotic factors, birds, climate, climate 
change, coadapted species, collect local knowledge, collecting plant samples, colonization, community assembly, community 
structure, community support of vision, compacted tills, competition, conceptual models of ecosystem dynamics, controlling 
variable, cover type in more detail, cover type, aspect, crusts and compaction, cultural history of the site, cultural knowledge, 
cultural uses of the landscape, damage to soil, decomposition, defining degradation, definition of an ecosystem, describe 
communities, describe cover types, describing the biophysical environment, diffuse coevolution, diverse, healthy communities, 
diversity of native species, drainage, dysfunctional landscapes, early colonizers, ecological function, ecological functionality, 
ecological integrity, ecosystem as an open system with flows, ecosystem attributes, ecosystem dynamics, ecosystem functions, 
ecosystem interactions, ecosystem models, ecosystem provisioning services, ecosystem structure, ecosystem types, ecosystem 
water reserves, emotional, spiritual, inspirational, experiential, engage with citizens, ephemeral drainage, erosion, colonization 
of, evidence of land use patterns, examples of different levels degradation, existing vegetation, expert knowledge, feeling cool 
microclimates, filters, fire regimes, forests, what to look for, framework or foundation species, functional attributes of 
vegetation, functional groups, functionality, resilience & diversity, functioning landscapes, functions and processes, future 
resource uses, general, physical, & biological factors, generalist species, genetic diversity, geochemical, geographic settings, 
ecosystem types, get in touch with local botanists or naturalists, healthy soils, herbivory, human land-use patterns, hydric soils, 
hyperabundant species, identify cover types, identify important relationships between species, identify plant species 
composition, identify the type of disturbance, importance of diversity, indigenous land use and values, individual species 
recovery plans, infiltration, infiltration and erosion, infiltration and water reserves, interview knowledgeable people, invasive 
species, investigating disturbance regimes, k-strategists, knowing the names of common species, lakes, alternative stable states, 
landform, landforms and soil, landscape water retention, leaf litter, learn to recognize dominant cover types, level of disturbance, 
locations for plant reintroductions, low areas, map drainage, measuring ecological functionality, measuring spatial attributes of 
vegetation, moisture regimes, changes to, multiple equilibria, name and describe the ecosystem, natural regeneration, 
neighbours, net system response to disturbance, niche theory, nonequilibria and patch dynamics, nonequilibrium dynamics, 
notice water flow, noticing patch dynamics, nutrient retention, nutrient status, oral history, original vegetation, overland flow, 
oxidation, physical and chemical features, physical properties, microsites, physical properties, microsites, plant health, plant 
transpiration, pollination, population dynamics, population health, population viability analysis, predator prey relationships - 
trophic cascades, productivity, projected climate trends and impacts, propagule availability, quality of habitat, quality of 
seedbank, r-strategists, rainfall, rare or 'out of place' habitats, redundant species, regime shifts, resilience, retention and runoff, 
rivers, past signs of, roads and fences, runoff, sedimentation, self-organization, self-sustainability, signs of disturbance, site 
conditions, list of, social and cultural issues, social and environmental impact assessments, socio-economic information, soil 
building, accumulation of litter, soil compaction, soil moisture, soil moisture, soil organic matter, soil stability, soil temperature 
extremes, soil-surface processes, soil-surface processes, soils, topography & vegetation, sophisticated understanding of species 
biology and ecology, source-sink theory, species composition, species ecology, species interactions, species richness, spores and 
propagules, state transition models, state variables, steep slopes, storms, stream hydrology, streams, stressed populations, 
succession, succession and retrogression, suitable habitats, surface hydrology, surface stability & nutrient cycling, sustainable 
livelihoods, symbiotic species, topography - shapes, topography - wetlands, traditional ecological knowledge & traditional 
resource management, trigger and transfer processes, trophic cascades, trophic structure, unaided recovery or active restoration, 
values about the site, vegetation and land cover, vegetation and plant communities, vegetation cover, water, water quality, 
wetlands, what plants tell us about the site conditions, wind velocity, woody debris. 
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PRACTICAL SKILLS: 
aerial photographs, archeological features, signs of, assemble and review documents, basemap features, basemap scale, bio-
physical information prior to damage, general guidelines regarding the collection of data, characterize land use and cover types, 
collect field data, compare field observations with maps, compare photographs over time, compositional features, computer 
assisted mapping tools, cover-type mapping, create a map of existing conditions, create map copies to take to the field, data 
collection, objective, time & resources, data management, dichotomous keys for land cover, digital sources, benefits, download 
digital maps, ecosystem health map, environmental studies and reports, experimental plots, field tools and technology, forms, 
georeferencing, gis data, historic continuity, historic landscape, historical and visual accounts, historical conditions, history of 
land use, identify anomalies, identify critical elements, identify regional plant community associations, indicators to measure 
ecosystem change, indirect and direct ecological relationships, intimate familiarity with the landscape, inventory and mapping, 
landscape scale map, reference ecosystems, line transects, map land change and use, map stressors, mapping agricultural land, 
mapping topography and hydrology, match reference ecosystem to project site, monitoring and baseline data, old photographs, 
overlays, types of, paleoecological evidence, palynological & archeological records, photo monitoring locations, possible 
trajectories, preliminary site visit, primary and secondary sources of information, primary sources of information, recognize 
different community types, recognize the species you see, record keeping and long term info-mngt, records of resource use, 
reference ecosystem, reference model package, research available maps, resources to bring on site visits, secondary sources of 
information, site analysis checklist, soil maps, soil surveys, successional stage of reference ecosystem, take photos of cover type, 
temporal references, time-series analysis and spatial analysis, timing of site visit, tools - camera, tools - gps, tools for mapping, 
tools to take to the field, topographic maps, try to reconstruct what the former healthy ecosystem was like, types of historic 
documents, types of information, unknown ecosystem history, use a notebook, use a table to note site issues, usgs map symbols, 
using color to differentiate phenomena, walk the land, walk the land, through the seasons, white & walker's classification of 
reference sites. 
 
AWARENESS: 
adaptive learning loop, basic unit of restoration, challenge of er, changing relationship to project, connectivity, buffers, mosaic 
habitats, curiosity leads to insight, define your project, describing cover types motivates you to observe, dysfunction that is too 
big to resolve, ecological units, ecosystem limits, regulation, ER project constraints, establish site context, founders effect, 
geographic scales, good observation, how much information is enough, identify ecological units, identifying patterns, individual 
context of each project, initial impressions of features, landscape context, landscape or watershed scale, landscape, definition, 
larger acreages, legal description, long term monitoring, look beyond property boundaries, mesoscale, observe natural systems, 
observing ecosystems to learn to read the landscape, off-site influences, patch scale, population scale, practical constraints, pre-
existing monitoring or assessment frameworks, prioritizing site level issues, record questions that arise from observation, scale, 
site context beyond control, site scale, think like an ecosystem, understand underlying social constraints, watch for clues. 
 
DECISION-MAKING: 
address physical processes before biological ones, adverse chemical properties, adverse texture, areas of uncertainty, assessing 
stressors, compare healthy and unhealthy ecosystems, conceptual frameworks, data sheets, decide which site factors to assess, 
desertification, effective, efficient & engaging restoration, evaluate site function and determine site requirements, excessive 
salinity, factors preventing site recovery, finding optimal sites, focus on problem spots and dysfunctional processes, function-
based approach, global anthropogenic impacts, gradsects, graphs to plot trends, identify barriers and thresholds, identify causes 
of degradation, identify ecosystem dysfunction, identify ineffective and functioning processes, identify missing elements, 
identify underperforming functions, interpreting site conditions and envisioning restoration potential, landscape function 
analysis, landscape function-based approach, landscape functionality as a continuum, leitbild - visualizing site potential, abiotic 
components, belowground processes, data analysis, dynamics of surface processes, dysfunctional landscapes, field equipment, 
indicators of landscape function, landscape heterogeneity, landscape organization data, observing vegetation, offtake, particular 
matter transport and deposition, query zones, range of scales, reference ecosystems, teaching, threatening processes, conceptual 
framework, purpose of, list of functional objectives for ER projects, macroecological threats, make decisions based on several 
types of evidence, match plant communities with site soils, hydrology & geology, measuring ecological functionality, measuring 
landscape functionality, measuring landscape functionality - vegetation, measuring spatial attributes of vegetation, microclimate 
disruption, most obvious issues, natural regeneration potential, off-site influences, patch scale, pollutants, priority site problems, 
problem statement, problems in the ecosystem, recognize what is missing, refining your assessment, reflect on what you 
uncover, resource outflow, short term & long term causes of dysfunction, shortcomings of decision-making, simplification of 
community structure, soil-surface processes, stressed populations, swot analysis, take a systematic approach, threshold points, 
thresholds of concern, types of ecosystem impairment, types of stressors, understanding changes in the land, understanding 
connections, will the restoration project increase diversity, zones of resource accumulation versus loss. 
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2. Word Cloud of All OPEN Codes  

(Created February 24, 2016 with http://www.wordle.net/create) 
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Appendix B: Academics and Experts Interviewed 

Expert Name Primary Focus* Primary Professional Affiliation 
Kern Ewing, PhD. Academic University of Washington 
Michael Keefer, MSc., PAg Practitioner Keefer Ecological Services 
Cara Nelson, PhD. Academic University of Montana 
Dave Polster, MSc., R.P. Bio. Practitioner Polster Environmental Services Ltd. 
Val Schaefer, PhD,. R.P.Bio Academic University of Victoria 
Thomas Munson, MSc., A.Ag. Practitioner City of Victoria Parks 
Emily Gonzales, PhD. Academic Parks Canada & University of Victoria 

 

* Although I have listed the experts’ primary focus, everyone I interviewed was involved with 
both applied ecological restoration projects and teaching through a wide variety of contexts.  
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Appendix C: Expert Interview Guide  

General Background Questions… 

1. “How long have you been involved with ecological restoration and in what capacities?....Would you say your time spent working in 
the ER field has been more applied or theoretical?” 

2. “How did you originally obtain your ER knowledge? For example, are you self-taught or did you have formal training in the 
restoration field through a college or university program, or did you receive training at work or some other educational setting?” 

3. “Are there any particular aspects of restoration that you typically focus on or have special expertise in?....What kind of ecosystems do 
you typically work with?” 

Questions Specific to Site Assessment… 

4. “During the site assessment phase of a project, how often would you go to the project site and why do you pick those times?” 

5. “What do you do to prepare to go the field?”  

6. “What is the first thing you do when you visit a restoration project site?” 

7. “Do you have a specific approach for organizing the steps of the site assessment process? For example, do you use a checklist, a set 
standard approach or some other type of rubric that you typically follow or is your approach to site assessment tailored to the specific 
context of each project?” 

8. “What type of quantitative and/or qualitative data would you typically collect as indicators of an ecosystem’s condition”  

9. “Restoration projects typically address sites that are damaged, degraded or destroyed, that is they lack ecological integrity. Could you 
describe to me what comes to mind when you think of the term ecological integrity, or in other words, do you draw on a particular 
working definition for this concept?” 

10. “Building on the last question, what would you say are the most important techniques for assessing ecological integrity?” 

11. “What are some of the practical differences between assessing a small project site—say a few acres or less, versus a landscape that 
spans hundreds or more kilometers.” 

12. "Can you tell me how you might use mapping to depict or interpret information gathered during a site assessment?” 

13. “This next question is similar to my previous questions about ecological integrity, I’m interested in narrowing in specifically on the 
level of degradation of a project site. My question is: How do you assess the level of degradation of a site? Is there a particular 
measure of the severity of degradation of an ecosystem that you think is particularly useful?” 

14. “Developing good observation skills can be especially useful for carrying out site assessment. In your mind, what is the best way to 
develop good observational skills for interpreting ecosystems?” 

15. “This next question may not have an immediately obvious answer. So, take your time to think about it and if you want we can come 
back later. I’m interested to know how intuition, or in other words a spontaneous gut feeling, a hunch or a first impression, plays into 
how you develop an understanding of a site’s condition?” 

16. “What might you learn about a site based on information interpreted through your senses, especially perceptual information gathered 
as sound, smells, touch and taste?” 

17. “What do you think are the hardest skills or fields of knowledge to master for site assessment?” 

18. “This next question is about what you do with the information you collect about a site. I’m looking for insight about the decision-
making process during the site assessment phase. So…once you’ve gathered all the pieces information that you typically would in a 
site assessment, I’m curious to know what strategies you use to synthesize this information and how do you make a decision about 
where to focus restoration efforts?” 

19. “If you had 30 minutes or less to teach site assessment to a novice, what key signs of degradation or signs of ecological health would 
you have them look for at a site?” 

20. “What are some common pitfalls that beginner restoration practitioners might make when they assess a site?” 

21. “If you think of yourself as connoisseur of ecosystems…what kinds of details might you see when looking at an ecosystem that 
someone with relatively little experience in natural systems would likely miss?” 

22. “Is there anything else you’d like to say about site assessment? This is also your chance to comment on anything that came up or add 
any other suggestions or leads that you think would be helpful for this project”   
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Appendix D: Rieger, Stanley & Traynor’s SWOT-C Analysis   

Suitability and Feasibility Analysis (p. 50) 
General Factors 
• Legal considerations 
• Political considerations 
• Human use patterns 
• Historical context 
• Hazardous waste 
• Ownership and adjacent owners 

Physical Factors 
• Topography: elevation, slope, aspect 
• Hydrology: surface, groundwater 
• Landscape ecology considerations 
• Water quality 
• Soil chemistry and profile 

Biological Factors 
• Determine succession stage, historical 

patterns 
• Identify and evaluate habitat values and 

features 
• Assess extent of degradation 
• Wildlife and botanical resource inventory 

Anticipated Site Improvements 
• Define candidate restoration area 
• Buffer requirements 
• Irrigation development 
• Utility service: water, electric 
• Grading: soil import/export, topography 

modification 
• Drainage modifications/ flood control  

 
  

 

 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 110 
Appendix E: Questions to Ask During Site Assessment 

From: Tongway & Ludwig (2011, p. 4): 
Which landscape goods and services have been lost and which have been retained?  
What landscape processes have become ineffective? 
What caused losses in capacity?  
What additional questions do you have about the site?  
 
From: Apfelbaum & Haney (2012, p. 6) 
Vegetation and Plant Communities  
1. Are the different types of plant communities easily definable, and can you map them clearly and distinctly?  
2. Where are there difficulties in defining plant communities, what and where are the confusing features?  
3. Is the confusion resulting in a location where one type of plant community may be invading another or where a 
recent disturbance obscures site condition?  
4. What would happen if growth of the plant community and disturbances continued unbothered in, say, ten to 
twenty-five years? Would your mapping of the types and boundaries of each plant community type change? 
 
Physical and Chemical Features: Bedrock, Soils, Hydrology, Nutrient Enrichment  
1. Are there distinct transitions in any underlying physical setting that are reflected by the plant communities, 
including crop growth and success?  
2. What changes in the site’s physical or chemical factors are believed to have occurred or continue to operate on the 
land?  
3. Are there locations on the land where a reduced availability of light by dense invasive vegetation growth is 
contributing to the decline of soil-stabilizing vegetation, and soil erosion is occurring or possible?  
4. Are there locations where groundwater emerges to the surface as springs, seeps, marsh, or wet ground? Based on 
landforms are there areas where the surface infiltration is likely to be occurring to support the springs or seeps?  
5. Are there locations where soils move, slump, erode, or are unstable because of frost heaving, shrink-swell?  
6. Are there locations where runoff from neighboring lands enters your land, or is your land receiving soil eroded 
from a neighbor’s land? Farm or ranch land, or urban or industrial setting?  
7. Have drainage features been modified by straightening, deepening, damaging, draining, drawing, or diversifying?  
 
Emotional, Spiritual, Inspirational, Experiential  
1. Are there locations that excite you because of existing beauty, or features that cause wonder or awe?  
2. Are there locations you associate with some historic experience—good or bad—or stories told to you by others 
when you have some sense of historic conditions and changes?  
3. Are there locations that disgust you emotionally, when you get concerned about what is happening to the land, or 
when you feel helpless to address existing concerns?  
 
Historic Sense and Story  
1. Are there locations where you are reminded of something you or others observed—some previous wildlife 
encounter, a family event?  
2. Are there locally or regionally associated historic records pertaining to your land?  
3. Do local arrowhead hunters, fisherman, mushroom hunters, or photographers know about your land?  
 
From: Traynor, Rieger, & Stanley (2014, pp. 255-6): 
Are there sensitive species in or near the project site?  
Have sensitive areas, construction, utility and other easements, storage, and staging areas been identified on plans?  
Have adjacent land uses or potential future land uses been identified from zoning or general plans and incorporated 
into the design?  
Is a buffer zone planned for areas adjacent to potentially conflicting land uses or environmentally sensitive areas?  
Are areas of sensitive resources clearly identified?  
Are work roads, access roads, haul roads, and storage areas identified and clearly marked?  
Is solar orientation of the site important for selected species? 
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Appendix F: The Site Assessment Activity Book 
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Learning about landscapes, habitats, and species is both a perceptual and an 

ecological challenge, requiring specific observational skills and practices. To be a 
thoughtful naturalist means to acquire a range of facilities—the willingness to plunge 
your senses into the living landscape; the ability to ask good, scientific questions and 
develop approaches to finding empirical answers and the imaginative capacity to use 
the natural world as inspiration.  

—Thomashow, 2002, p. 6 
 

Getting familiar with the land requires that you get out of your pickup and 
pull on your boots…Only by walking, even getting on hands and knees to explore, 
can one assess indicators of land health and gain the needed perspectives.  

—Apfelbaum & Haney, 2012, p. 24 
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 Activity Book Welcome  

I’m pleased to present this book of playful, engaging activities designed specifically to 

help people hone their abilities to “read the landscape” and to think creatively about how to 

restore degraded ecosystems. This book contains twenty-nine activities to develop the knowledge 

and skills ecological restoration students and other environmental stewards need to assess a site’s 

condition and consider pathways to ecosystem integrity. The content is based on best practices 

for site assessment drawn from the ecological restoration literature, and focuses particularly on 

approaches that are underrepresented in many ecological restoration courses. The activities in 

this book are not meant as a complete curriculum for the subject of site assessment rather they 

are designed to diversify existing approaches for teaching ecological restoration. I am confident 

this curricula will complement many courses for environmental stewards and will serve to 

develop the ‘whole’ ecological restoration practitioner.  

User’s Guide  

The Site Assessment Activity Book is divided into four chapters. In the first chapter, 

practitioners are encouraged to expand their “Ecological Knowledge” about how ecosystems 

function. Chapter two introduces hands-on techniques and other “Practical Skills” that can be 

used to collect and analyze data. Chapter three offers strategies for “Awareness” to help 

practitioners observe, experience, and assess ecosystems in the field. Finally, chapter four covers 

“Decision-Making” skills to help practitioners put all the pieces of site assessment together to set 

goals and design strategies to intervene.  

Below I introduce considerations for activity facilitators. These suggestions are flexible 

and can readily be adapted to a wide range of learning contexts. 
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Curriculum design inspirations. The activities are designed with a 

combination of theoretical influences from the environmental education literature, specifically, 

ecological literacy and place-based, experiential, and problem-based learning. The intention is to 

facilitate engaging learning experiences that bring together creative thinking, problem-solving, 

and multi-disciplinary approaches to interpret the natural world. 

Intended audience. The activities provide introductory material for a course or a series 

of workshops that explore how to assess site conditions for ecological restoration projects. This 

material was created with several audiences in mind, including college and university students, 

participants in environmental stewardship workshops for non-governmental organizations, and 

other environmental education workshops. Depending on the student’s prior knowledge and 

experience, more or less background information may be required to present the concepts the 

activities explore. 

Activity location. Almost all the activities involve outdoor, experiential learning, but the 

specific locations are flexible. Consider choosing a variety of sites, some that display ecological 

integrity and others that are degraded. Several activities require visits to multiple sites to observe 

a range of conditions. Certain tasks also require time indoors to conduct background research, for 

example, or to prepare a final report or presentation. 

Background research and resources. Background research is often suggested for 

learners to acquire a basic understanding of the core concepts addressed in each activity. Getting 

students to undertake this research on their own is a key aspect of the independent learning 

process. Many resources are referenced for background reading, and some activities explicitly 

recommend readings as part of the instructions. Depending on the level of access students have 
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to these resources, instructors may need to provide these readings. All the references 

can be accessed through the libraries of most academic institutions, some are available online for 

free.  

Individual study and group work. The activities can be adapted to fit various learning 

contexts and can be completed individually, in pairs, or in larger groups. Some activities are best 

suited for group work. Regardless of the group size, to enrich the experience, I recommend a 

post-activity debriefing for participants to reflect, share, and discuss what was learned. 

Depending on the context and timelines, students can share their experiences and insights as part 

of a group discussion or individually, as a written reflection. 

Multimedia format. For many activities, participants are expected to produce a report on 

how they completed the activity and what they learned. Multiple types of media have been 

suggested to accomplish this, both to stimulate creativity and to encourage various types of 

communication. These recommendations are simply guidelines, and students should feel free to 

propose alternative ways to share their experiences.  

Flexibility. In general, the instructions provided should be viewed as adaptable. Feel free 

to alter how activities are carried out to suit your specific situation. The core purpose of all the 

learning experiences is to get students into the field to explore concepts relevant to site 

assessment through first-hand experience. This can be accomplished in any number of ways. 

Activity Layout 

All the activities follow a standard format, as described below: 

Learning objectives. The objectives are written to help facilitators and participants 

understand the core focus of each activity. They can also be used to evaluate learning, keeping in 
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mind that the exact lessons learned will vary from person to person, depending on 

their pre-existing knowledge, and the direction in which they choose to take the activity.  

Introduction. A brief summary of the background information needed to understand the 

purpose of the activity and the core concepts is included and can guide facilitators and 

participants to further reading, or to explore other resources that may be beneficial for a more in-

depth understanding of the topic. 

Instructions. Each activity is broken down into clear tasks. Most include a number of 

steps that involve a combination of background research, fieldwork, reporting, and reflection. 

Required equipment is also noted, as are any specific requirements for the activity location.  

Creative thinking tools. Each activity was designed to emphasize several Root-

Bernstein (2014) tools for creative thinking, a set of strategies particularly relevant to solving 

complex ecological problems. It may be worthwhile, especially for longer courses, to allocate 

some time to discuss the process of learning with students to help students make the most of their 

experiences. When students are actively engaged-in and aware of their learning, learning tends to 

be richer and students retain more.  

Activity length. An estimated time to complete each activity is noted. The actual time 

required depends on the audience’s level of experience, the depth that participants engage with 

the material, and the expectations outlined by the facilitator. All the activities can be simplified 

to accommodate shorter time frames, or made more elaborate for major projects. 

Discussion questions. The discussion questions provide a starting point for learners to 

reflect on their experience and to explore insights. The questions and others that arise from the 

experience can serve as a guide for activity debriefs or as a way to focus written reflections.  
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Resources. To develop a more in-depth understanding of the concepts 

addressed, each activity includes a list of resources for further reading. 
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Chapter 1: Ecological Knowledge  

Ecological knowledge provides the theoretical foundation for all restoration work. The 

five activities in this chapter focus on ecological knowledge that will advance students’ 

understanding of how ecosystems work. These activities take theoretical ecological concepts and 

apply them to first-hand observations in the field. Topics include conceptual frameworks for 

understanding the ‘whole’ ecosystem, strategies to explore natural processes and signs of 

ecological integrity and degradation. 

 

Activity Title Learning Objectives 
1. Ecosystem Connections • Use field observations to explain the relationships 

between ecosystem composition, structure and 
functions. 

2. Hello, Who Lives Here? • Describe essential habitat features and evaluate the 
suitability of the habitat for various species. 

3. Exploring Food Webs  • Investigate energy and nutrient flows among 
organisms and create a network of food webs. 

4. Observing Disturbance and 
Recovery 

• Learn to recognize signs of disturbance and 
ecological recovery. 

5. Design a Scale to Represent 
Ecological Integrity and Degradation 

• Explore the extent ecosystems display ecological 
integrity or are degraded. 

6. Analogies for Ecological 
Knowledge 

• Use analogies to deepen your ecological knowledge. 
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1. Ecosystem Connections 

Learning Objective: Use field observations to explain the relationships between ecosystem 
composition, structure, and functions. 
 
Introduction  
Before diagnosing ecosystem health, it’s essential to understand what an ecosystem is and how 
ecosystem parts are connected through ecological processes. 
 
In Restoring Ecological Health to Your Land, Apfelbaum and Haney (2010) suggest that a 
‘holistic understanding’ of an ecosystem is formed by considering composition, structure and 
function.  
 

Composition [refers to] the species that are present in the ecosystem. The organisms are 
often collectively referred to as an ecological community. It is impossible to list all 
species, especially in complex ecosystems, but all species are not equally important. 
Those that are more common, or that contribute more to key structure or functions, are 
the critical species. Those whose presence is critical to the survival of many others are 
often called keystone species. 
 
Structure is the three-dimensional configuration of the ecosystem and is represented by 
(1) living and dead vegetation, which includes trees, shrubs, vines, forbs, grasses, 
evergreen species, deciduous species, bryophytes, epiphytes, lichens, snags, fallen woody 
debris, leaf litter; (2) mineral structure, including characteristics of the soil; and (3) 
landscape structure, including rocks, plant communities, streams, ephemeral ponds, and 
the like. 
 
Functions are the processes that occur in the ecosystem. All are directly or indirectly 
affected by the biological activities of organisms. (Apfelbaum & Haney, 2010, p. 17) 

 
For examples of ecological functions read Traynor, Rieger, and Stanley’s (2014, pp. 37-38) list 
of common functions that are often the focus of restoration work. It is useful for RP’s to have a 
basic understanding of how these ecological functions take place, what they contribute to the 
ecosystem, and how to recognize signs of whether or not they are working. 
 
While there are certainly other ways to portray ecosystems, these three concepts provide a 
helpful starting point to conceptualize what makes up an ecosystem and what might be missing 
in degraded systems. 
 
Instructions 
Visit an ecosystem and record the details of your observations under each of these three 
categories: composition (who is there?), structure (how are things organized?), and function 
(what is going on?). 
 
Identifying ecosystem components and structure will be easier than describing functions, which 
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have fewer obvious signs. While it may be difficult to observe functions, you can 
make an educated guess about what is happening based on what you see. You will know, for 
example, that decomposition is at play if you find evidence of broken-down organics. 
 
Pay special attention to the dominant species—those that are most common, but also note as 
many of the less prevalent species as you can identify. Try to identify keystone species and their 
importance to community structure and function. Bring a field guide to help with species 
identification. Note both the common and Latin names. Use a camera to photograph unfamiliar 
species so you can identify them later with the help of additional resources or an expert. 
 
Write down or audio-record your observations. For a final write-up or oral presentation, describe 
what you saw and what it says about the ecosystem. Include a section for each of the three 
components (composition, structure, and function) of the ecosystem you investigated. Especially 
for ecosystem functions, make sure you clearly explain why you believe that particular function 
is present or absent. Visual illustrations or photographs may be helpful to communicate your 
observations. Present your findings to your peers and discuss.  
 
Discussion Questions 
What were the dominant species in the ecosystem? 
What types of organisms did you pay most attention to? Which species may you have 
overlooked? 
What kinds of structure did you observe? 
What ecological functions did you observe? 
How did you identify these ecological functions in the ecosystem? 
What, if any, elements of the ecosystem were absent or degraded? 
Do these three perspectives make it easier to conceptualize the whole ecosystem? Why or why 
not? 
 
Creative Thinking Tools: Observing, recognizing patterns, forming patterns, abstracting, 
synthesizing 
 
Activity Length: 1-3 hours 
 
Acknowledgements: This activity is based on Apfelbaum and Haney's (2010) perspectives of 
ecosystems. 
 
Resources 
Apfelbaum, S. & Haney, A. (2010). Composition, structure, and function of ecosystems. In 

Restoring ecological health to your land (pp. 15-17). Washington, DC: Island Press. 
 
Traynor, R., Rieger, J., & Stanley, J. (2014). Project planning and management for ecological 

restoration. Washington, DC: Island Press. 
 
Illustrations to add: Examples of composition, structure, and function in an ecosystem. 
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2. Hello, Who Lives Here? 

Learning Objective: Describe essential habitat features and evaluate the suitability of the 
habitat for various species. 
 
Introduction 
An organism's habitat includes everything they need to survive, thrive, and reproduce. Hayward 
and Suring (2003) describe a habitat attribute “as any living or nonliving feature of the 
environment that provides resources necessary for a species in a particular setting” (p. 29). Some 
critical attributes include shelter from the elements and from predators, nutrients and water, and 
space to forage and mate. All species have habitat requirements and the presence or absence of 
these needs significantly influences how well a species survives in an area  
 
Being able to identify the presence or absence of key habitat attributes can provide information 
about ecosystem health.  
 
While assessing the condition of a site, you will not see all the organisms who occupy the site or 
use the area. For example, some species live underground while others, like migratory birds, are 
only present for part of a year. Nevertheless, you should look for the core features essential for 
quality habitat for species of interest that live or use your site. 
 
Instructions 
Identify a species you would expect to find at your site—which might be a nearby ecosystem—
and list the key habitat attributes they depend on. When choosing a species, consider the range of 
all sizes and types that likely live at your site, including plants, animals, fungi, or 
microorganisms. You will likely need to conduct background research to identify the core habitat 
attributes, including the quality and abundance of these attributes that your species requires to 
thrive. 
 
Visit your site with a notebook and camera to record features of habitat for the species you’ve 
chosen to investigate. If your species has a large home range—the area they move within on a 
daily or seasonal basis—you will only be able to visit part of their territory. Describe the extent 
that your site meets the habitat requirements for the species you chose to investigate based on 
what you know about their needs. Consider the quality of the habitat attributes observe. What 
attributes are in abundance? What’s missing? How does the habitat change through the seasons? 
How might your species adapt to these changes?  
 
If time permits, complete this activity for multiple species. 
 
Assemble your notes and photographs and produce a short reflection on your assessment of the 
quality of habitat available for the species you investigated. Make sure to explain how you 
reached this assessment of their habitat. 
 
Discussion Questions 
What were the most obvious signs of quality habitat? 
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What aspects of habitat are difficult to identify? Why? 
What happens when parts of the habitat are degraded or destroyed? 
What strategies could be used to improve the quality of habitat for species you might target for 
restoration work? 
 
Creative Thinking Tools: Observing, empathizing, modeling, recognizing patterns, abstracting, 
synthesizing 
 
Activity Length: 1-3 hours 
 
Resources 
DeLong, C. & Brittingham, M. (2009) Wildlife-habitat relationships. Retrieved from: 

http://extension.psu.edu/natural-resources/wildlife/habitat-management/wildlife-habitat-
relationships 

 
 Hayward, G. D., & Suring, L. H. (2013). Chapter 2. Selecting key habitat attributes for monitoring. In 

M. M. Rowland & C. D. Vojta (Eds.), A technical guide for monitoring wildlife habitat. Gen. 
Tech. Rep. WO-89 (pp. 29-48). Washington, DC: U.S. Department of Agriculture, Forest 
Service. http://www.treesearch.fs.fed.us/pubs/45215  

 
Zedler, B., Palmer, M. & Falk, D. (2006). What is suitable habitat? In Foundations of restoration 

ecology (p. 73). Washington, DC: Island Press. 
 
Illustrations to Add: Drawings of examples of habitat: dead wood, ground cover, shrub layer, 
water, rich variety of food, set in an ecosystem.  
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3. Exploring Food Webs 

Learning Objective: Investigate energy and nutrient flows among organisms and create a 
network of food webs. 
 
Introduction  
Organisms are connected to each other through food webs based in part on what they eat and 
who eats them. Taking time to consider the pathways that energy and resources flow through 
food webs can help us understand how connected networks emerge in ecosystems.  
 
Identifying consumer-resource interactions—“an umbrella term for a variety of more specialized 
types of biological species interactions including prey-predator…, host-parasite…, plant-
herbivore and victim-exploiter systems” (Consumer-resource systems, n.d.)—can also help 
restoration practitioners consider what links within an ecosystem are missing that may need to be 
restored. Compared to ecosystems with ecological integrity, the food webs of degraded systems 
are often highly simplified.  
 
While the dynamics of community ecology quickly become complex, it can be useful, at a very 
basic level, to consider the types of relationships you would expect to find between species in 
ecosystems that are healthy and degraded. 
 
Before beginning this activity you will want a basic understanding of the concepts of food 
chains, food webs, energy flows, nutrient cycles, primary producers, primary consumers, 
secondary consumers, tertiary consumers, and decomposers. See the resources below as a 
starting point and look online to broaden your search. 
 
Instructions 
To cover a broad range of organisms in an ecosystem, this activity is best completed as a group. 
Each person will create food chains and then pool them together as a group to create a system-
wide food web.  
 
As a group, visit a nearby ecosystem and generate a species list. Include a range of organisms, 
from the large, obvious ones to the less visible but essential contributors, like insects and fungi. 
Because not all organisms are likely to be present when you visit the site and some may be hard 
to see, supplement your observations with research about the likely inhabitants.  
 
Each participant then chooses an organism from the list and asks the question: What does it 
consume and what consumes it? Sketch these connections in a drawing. If time permits, choose 
more organisms and sketch their connections. 
 
Once everyone draws out food chain connections for a number of species—preferably for a 
broad range of species to represent the ecosystem’s biodiversity—get together as a group to 
assemble all the chains together. You will likely need to redraw the connections to accommodate 
all the whole range of species. As a group, draw or somehow represent a large food web that 
portrays energy flows for the whole ecosystem you investigated.  
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Write a brief analysis of what you learned about the ecosystem by completing this exercise. 
Consider how accurately your food web describes the ecosystem, including some of the strengths 
and limitations of your food web. 
 
Discussion Questions 
How did drawing a food web influence how you think about ecosystems? 
Besides consuming each other, how else were the species connected?  
What might happen if certain species are absent from the system?  
What might happen when new species are introduced to a system? 
Were some species difficult to place in the food webs? Why? 
Were some species more important to the overall health of the ecosystem than others? Explain. 
Do you think the web is resilient? Why or why not? 
 
Creative Thinking Tools: Observing, abstracting, forming patterns, recognizing patterns, 
synthesizing 
 
Activity Length: 2-4 hours 

 
Resources 
Apfelbaum, S. & Haney, A. (2012). Food webs. In The restoring ecological health to your land 

workbook (pp. 49-50). Washington, DC: Island Press.  
 
Consumer-resource systems (n.d.) In Wikipedia. Retrieved March 2016, from 

https://en.wikipedia.org/wiki/Consumer-resource_systems 
 
Ecology Education Consulting Inc. (2014). Food Chains and Food Webs. Retrieved from 

http://www.ecologyedu.com/education_resources/what_is_a_food_chain_what_is_a_food
_web.html 

 
Egerton, F. N. (2007). Understanding food chains and food webs, 1700-1970. Bulletin of the 

Ecological Society of America, 88, 50–69. 
 
Food Web (n.d.). In Wikipedia. Retrieved February 2016, from 

https://en.wikipedia.org/wiki/Food_web 
 
Vander Zanden, J., Olden, J., and Gratton, C. (2006). Chapter 8: Food-web approaches in 

restoration ecology. In Falk, D., Palmer, M., & Zedler, J. Foundations of restoration 
ecology (pp. 165-184). Washington, DC: Island Press. 

 
Illustrations to Add: Image of a food web. 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 125 
4. Observing Disturbance and Recovery 

Learning Objective: Learn to recognize signs of disturbance and ecological recovery. 
 
Introduction  
Disturbances of varying frequencies and severity can be powerful drivers of ecosystem change. 
Many ecosystems have evolved strategies to recover from natural disturbance regimes. Some 
species even rely on disturbance to complete their life cycles. Examples of natural disturbances 
with a long history of influence include wildfire, wind throw, disease, flooding, avalanches, or 
landslides. Human-initiated disturbances, while relatively recent compared to natural ones, are 
also a source of ecological change, examples include forestry, mining, overgrazing, the 
application of chemicals, foot traffic, or land conversion for development. 
 
Restoration practitioners need to be aware of the likely disturbance patterns for the areas where 
they work and should learn to identify local signs of disturbance and recovery in the field. 
 
Instructions 
Do background research on the normal disturbance regimes for your area. Investigate major 
historical disturbances, as well as ongoing disturbances in the area or at the site where you are 
working. Consider what signs you might observe in the field that show evidence of disturbance 
and ecological change. 
 
Search for signs of disturbance in the ecosystem under study. Look for signs of both natural and 
human-initiated disturbances. Note how the ecosystem has responded. Are there signs of natural 
regeneration, such as an abundance of healthy young seedlings? Does the composition of species 
or age of individuals within a species tell you anything about the timing, type, or severity of 
disturbance? Are there patches of different ages or communities?  
 
Use your camera and notebook or audio to record your observations. Prepare a simple map to 
show where you saw different types and levels of disturbance. Assemble your observations and 
describe what you noticed. Compare your notes and photos with other people who completed 
this activity. 
 
Discussion Questions 
Were signs of disturbance obvious or hard to see? Which were obvious and which were hard to 
see? 
What types of natural and human-caused disturbances did you identify? 
Was the disturbance you identified typical of the normal disturbance regimes for your local area, 
or does it represent an unusual kind of change? Why or why not? 
What other types of disturbance might you expect to find in your area? 
Is disturbance an influential process for ecosystems in your area? Explain. 
Was the ecosystem regenerating naturally? How can you tell? 
Will restoration work likely be required? If so, what kind of intervention would be useful? 
 
Creative Thinking Tools: Observation, pattern recognition, pattern formation 
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Activity Length: 2-4 hours 
 
Resources 
Suding, K. N., & Hobbs, R. J. (2008). Transition dynamics in succession: Implications for rates, 

trajectories, and restoration. In Science and Practice of Ecological Restoration: New 
Models for Ecosystem Dynamics and Restoration (2nd Edition) (pp. 33-41). Washington, 
DC: Island Press.  

 
Clewell, A., & Aronson, J. (2013). Chapter 3: Disturbance and impairment. In Ecological 

restoration: Principles, values, and structure of an emerging profession (pp. 33-37). 
Washington, DC: Island Press. 

 
Stone, E., & Menendez, L. (2011). Natural disturbance regimes. Retrieved from 

http://www.eoearth.org/view/article/154793 
 
Illustrations to Add: Examples of ecological disturbance (fire, insects/disease, windstorms, 
drought, land development, forestry) and signs of recovery (natural regeneration & patch 
dynamics). 
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5. Design a Scale to Represent Ecological Integrity and Degradation 

Learning Objective: Explore the extent of ecological integrity or degradation displayed by an 
ecosystem.  
 
Introduction  
To assist the recovery of a damaged ecosystem, ecological restoration practitioners must first 
assess the extent to which the ecosystem is degraded or exhibits ecological integrity. But it’s not 
straightforward: What exactly is “ecological integrity”? 
 
A great variety of definitions exist for “integrity” and “degradation” in ecosystems, and it is 
worthwhile to explore different resources included below to see if a particular perspective 
resonates with you. There is a general consensus, however, that ecological integrity is a whole 
system condition of biodiverse community structure and composition that can sustain the full, 
“normal” range of resilient, dynamic ecosystem functions. Some people use “integrity” 
interchangeably with “health”, while others think health emphasizes dynamics and integrity 
depends on diversity. 
 
As ecosystems become degraded so that biodiversity is reduced and ecosystem functions are 
impacted, most authors describe some scale of degradation from health to severe stress. 
 
Unfortunately, for all these definitions, there are few tools to determine the level of degradation. 
It is up to restoration practitioners to use whatever information is available to describe the state 
of ecosystems. In this activity you will invent a scale to describe ecological integrity and 
degradation for local ecosystems, and find field examples for each level you define to illustrate 
how your scale works. 
 
Instructions 
First, investigate descriptions of ecological integrity and consider the characteristics of degraded 
ecosystems. The resources listed below are excellent places to start. 
 
The goal of this activity is to consider the extent ecosystems have or lack integrity and then to 
decide on and explore ways to describe these various states. Your task is to create a scale or 
rating system that you can use to classify and describe various levels of ecological integrity and 
degradation. Look at the Society for Ecological Restoration’s scale described in Clewell and 
Aronson (2013) as an example.  
 
Draw inspiration for the scale based on what you know about your local landscape. Describe the 
scale using your own words. Explain how your scale works, define the key terms, and give your 
scale a title. 
 
After completing this preliminary design work it’s time to test your tool. With your scale in 
hand, visit various locations and photograph at least one example for each level of classification 
you described for your scale. Based on your field observations, create a visual presentation to 
communicate how your scale or rating system works. You may need to edit your scale based on 
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your field experience. Present this scale to your peers and explain your design 
rationale. 
 
Discussion Questions 
What challenges arose during this activity? 
Is it easier to describe healthy ecosystems or those that are degraded? Explain. 
Based on what you read, do you see any differences between ecosystem integrity and health? 
Were you able to find concrete examples of all the levels described in your scale? If not, what 
was missing and why? 
Based on your field experience, how could you improve your scale? 
Is your scale relevant for different types of ecosystems? Why or why not? 
What are the strengths and limitations of your scale? 
 
Creative Thinking Tools: Forming patterns, modelling, abstracting, observing, transforming 
 
Activity Length: 2-4 hours 
 
Resources  
Apfelbaum, S. & Haney, A. (2010). Assessing the health of ecosystems. In Science and practice of 

ecological restoration: Restoring ecological health to your land (pp. 17-22). Washington, 
DC: Island Press. 

 
Clewell, A., & Aronson, J. (2013). Degradation, damage and destruction. In Ecological 

restoration: Principles, values, and structure of an emerging profession (pp. 38-39). 
Washington, DC: Island Press. 

 
Traynor, R., Rieger, J., & Stanley, J. (2014). Project planning and management for ecological 

restoration. Washington, DC: Island Press. 
 
Illustrations to Add: Comic strip that depicts a range of health and degradation (eg. moonscape, 
tar sands, healthy forest or prairie meadow). 
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6. Analogies for Ecological Knowledge 

Learning Objective: Use creative analogies to deepen your ecological knowledge. 
 
Introduction 
Analogies are powerful communication tools to explain new or complex concepts by comparing 
them to something more familiar. The massive or minute scales of unusual or invisible worlds 
can all be reframed in everyday terms and coloured with common experience. 
 
For example, medical analogies have often been used to compare degraded ecosystems to 
patients, and ER practitioners to health professionals. Also, many ecological and social processes 
of animals are analogous to human processes, like birds evolving colorful feather combinations 
and complicated songs to attract mates, just as humans put the latest fashion trends on display 
and musicians rock out at a Friday night dance party.  
 
The arts, such as dance, music, theatre, poetry, sculpture, and painting can all provide inspiration 
to better understand the natural world. Fiction is a particularly rich source of analogies. The 
classic children’s tale of the woman who swallowed the fly, for example, illustrates the law of 
unintended consequences from interventions such as biocontrols for unwanted species. 
 
Principles and patterns from other sciences and technologies can also be useful, for the right 
audience. An example is the boom, bust, and stabilization of energy in most chemical reactions, 
which is analogous to population dynamics when new species move in. Often analogies can be 
extended; in this case, a catalyst to speed up a chemical reaction and level out the boom and bust 
is very much like an appropriate ecological intervention to accelerate succession. 
 
Developing new analogies will contribute to your understanding of how ecosystems function, 
and can be a valuable practice to expand ecological knowledge. Moreover, analogies are 
extremely helpful to communicate ideas and explain concepts to clients who may not be as 
familiar with ecosystem components, structures, and functions as you are. By having a broad 
store of analogies, you can pick and choose from them to communicate your point. Visit the 
blogs listed in the resource section for some general ideas about creating your own analogies. 
 
Instructions 
Visit a nearby ecosystem and stay there a while, observing it for inspiration. While you’re there, 
brainstorm analogies to describe the parts or processes in the living world. Be creative: analogies 
may come to you as fictional stories or art, knowledge from other sciences, or from history, 
politics, economics, and cultures. 
 
Choose several unique analogies that either expand your understanding of how ecosystems 
function or that can be used to communicate concepts to a client. Describe, draw, or photograph 
your analogies and present them to your peers. 
 
Discussion Questions 
How can analogies be useful? 
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How can analogies be distracting, or even misguided? 
Do you find this mode of thinking challenging? Why or why not? 
How might you choose analogies to help yourself interpret ecosystems? 
How might you choose analogies to help other people understand ecosystems? 
 
Creative Thinking Tools: Analogizing, observing, forming patterns, recognizing patterns, 
dimensional thinking 
 
Activity Length: 1-3 hours 
 
Resources 
Higbee, T. (2010). How to Create Killer Analogies by Relating Anything to Anything Else. 

Retrieved from http://blog.osmosio.com/create-killer-analogies/ 
 
Judson, G. (2014). The role of mental imagery in imaginative and ecological teaching. Canadian 
Journal of Education, 37(4), 1. 
 
Judson, G. (2010). A new approach to ecological education: Engaging students' imaginations in 
their world. New York, NY: Lang. 
 
Young, S. (2014). How Do You Make a Good Analogy? Retrieved from 

https://www.scotthyoung.com/blog/2014/10/21/good-analogies/ 
 
Illustrations to Add: Drawings of analogies from the introductory paragraph. 
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Chapter 2: Practical Skills 

Practical know-how is as important for restoration practitioners as practical know-that, 

such as ecological knowledge. Restoration field courses usually introduce students to common 

techniques such as line transects, quadrats, soil pits, and ecosystem classification systems that are 

widely used in biology and ecology. Besides practical measurement techniques, practitioners 

need a variety of other hands-on skills for their work. This chapter addresses skills that range 

from technical competencies such as mapping and photo-documentation, to social skills for 

project management, to research and observation on historical conditions and reference 

ecosystems. 

Activity Title Learning Objectives 
7. Don't Leave Home 
Without your Basemap 

Create a simple basemap to depict spatially explicit information 
gathered during site assessment. 

8. Where's the Watershed? 
 

Read a topographic map and learn to identify where water flows 
on the landscape. 

9. Photo Monitoring 
Through the Seasons 

Use photo-monitoring to observe ecosystem changes through the 
seasons. 

10. Find an Expert to Help 
 

Identify experts in your area and meet with one to learn 
specialized information about one or more aspects of the local 
landscape. 

11. Community Interviews 
 

Gather local knowledge about your project site from community 
members. 

12. Host a (Mock) Public 
Consultation 

Organize and facilitate a public consultation for an upcoming 
restoration project. 

13. Shifting Landscapes Look for signs of historical conditions and explore how 
landscapes change over time. 

14. Where's my Reference 
Ecosystem? 

Identify suitable reference ecosystems for a restoration project. 
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7. Don't Leave Home Without your Basemap 

Learning Objective: Create a simple basemap to depict spatially explicit information gathered 
during site assessment. 

 
Introduction  
A project basemap is a useful tool to record spatially explicit information gathered in the field, 
and provides a way to communicate to clients what you found. Basemaps usually include 
physical and legal boundaries, and other biological or social information. 
 
At the site, a printed copy of the basemap is useful to sketch the location and relative size of 
elements you notice, including types of land cover, degraded areas, or other notable features.  
 
Basemaps range from simple hand-drawn maps, to digital maps created using GIS, CAD, or 
other specialized cartographic software that can incorporate satellite imagery, aerial photographs, 
government or private maps, or other available sources of data. Depending on the information 
you have available beforehand, or that may be worth noting in the field, the basemap may be 
presented in multiple layers, for example to overlay topographic, soil, hydrological, or cultural 
information. 
 
Regardless of how the map is made, it should contain a number of common attributes: a title, a 
georeferenced location for the map, an arrow pointing north, a scale, a legend for any symbols 
used, the mapmaker’s name, and the date it was created. For more information about creating a 
basemap for ecological restoration projects, read Apfelbaum and Haney’s (2012) basic advice for 
creating basemaps (p. 7). 
 
Instructions 
Decide whether you will make a hand-drawn or digital basemap. If you plan to draw your map, it 
helps to find or print a large-scale topographic map, satellite image, or aerial photo to trace and 
photocopy. For digital maps, instructions are available online to make maps using Google Maps 
or other free mapping tools (see the resource section). If you are familiar with more advanced 
mapping software, choose this option.  
 
Print a copy of your basemap and head to the field to record observations on your map. Decide 
what symbols or other strategies you will use to depict site attributes. If you plan to record lots of 
information, you might want to use multiple maps, each one a separate layer with a particular 
focus.  
 
To get greater accuracy on your map, use a tape measure, compass, clinometer, or a GPS to 
record specific waypoints or tracks, but keep the overall purpose of the mapping project in mind 
and avoid getting bogged down in details. You should learn the length of your pace (the distance 
covered by two steps), and then stepping off distances is quick and surprisingly accurate. 
 
After your field visit, transfer your observations to a final, presentable copy of your map and add 
all the details for maps (title, legend, etc.) listed in the introduction.  
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Discussion Questions 
What type of information did you record on your basemap? 
How did you choose what level of detail to incorporate? 
When would a basemap be useful for restoration projects? 
How would you create a basemap for projects that span very large areas? 
What would you do differently when making maps in the future? 
 
Creative Thinking Tools: Observing, abstracting, dimensional thinking, modelling, 
synthesizing 
 
Activity Length: 2-4 hours 

 
Resources 
Apfelbaum, S. & Haney, A. (2012). Task 1: Create a basemap. In The restoring ecological 

health to your land workbook (p. 7). Washington, DC: Island Press.  
 
Google Earth Outreach. (n.d.). Visualize your data on a custom map using Google My Maps. 

Retrieved from http://www.google.ca/earth/outreach/tutorials/mapseng_lite.html 
 
Web 2.0. Cool Tools for Schools (n.d.). Mapping tools. Retrieved from 

http://cooltoolsforschools.wikispaces.com/Mapping+Tools 
 
Illustrations to Add: Sample of a basemap with key features labeled. 
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8. Where's the Watershed? 

Learning Objective: Read a topographic map and learn to identify where water flows on the 
landscape. 

 
Introduction 
Water is central to every living process, so it is vital to identify how water flows over a 
landscape. Reading a topographic map before visiting the project site can provide important 
clues about landforms, the presence or lack of water and how water will flow over and through 
the landscape. 
 
Here, we practice interpreting contour lines on a topographic map, taking advantage of the 
convenient fact that water always flows downhill (i.e. perpendicular to contour) to identify how a 
site’s water bodies and flows are interconnected in watersheds. 
 
On the map, where contour lines are close, the terrain is steep and water flows quickly. Where 
contours are spread out, the land is relatively flat and water flows slowly. With some practice it’s 
easy to quickly identify ridges, valleys, water bodies and other physical features of the 
landscape. 
 
Instructions 
This activity involves reading topographic maps and identifying watershed boundaries. Begin the 
exercise by creating a copy you can draw on of a topographic map for your project site. Suitable 
maps for site planning typically have a large scale such as 1:24,000 or larger. Identify what the 
distance between contour intervals, widely spaced contours will likely overlook for example, 
micro-topographic features that may hold water.  
 
Become familiar with the general features of your site. Identify the high points and the low 
points and features such as water bodies, roads, utilities, any land modifications, or other 
features that may be relevant to water flows. Consider the overall layout of the land. Is the terrain 
flat or mountainous? What solar aspects are present at your site? Can you tell which sites are 
likely to be wet? Dry? How much human activity is present? How might human activity have 
changed how water flows over the landscape? 
 
Try to visualize the terrain and imagine where water is likely to flow. Imagine a raindrop falling 
on any part of the map: it will flow at right angles to the contours, so you can trace its journey 
downhill. Put a grid of “raindrops” across your map, and draw lines from each one to show 
where water flows. Note areas where these lines converge, getting more dense in wet valleys. 
Also note where the lines are less dense and diverge on dry ridges. 
 
Once you have identified the high points on the map, look at how these points are connected 
around the low points. Draw a line on the map that surrounds the entire area that represents the 
watershed or in other words, where all the water drains to the same location such as a river in the 
valley bottom or a series of wetlands in low spots. For additional advice about this exercise 
consult the free resources listed. 
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If you can, try this exercise for a site that you will also be able to visit. Complete the watershed 
map and then go to the site to compare what you saw on paper with the actual terrain. 
 
Discussion Questions 
Were you able to visualize the terrain that the topographic map represents? 
Is there only one watershed in your site, or are there many nested watersheds at different scales? 
How is the watershed you mapped connected to a broader watershed? 
What type of water bodies and watercourses make up your watershed? 
Has the watershed undergone many changes in the last century? How is it different now? 
What type of changes to the landform would significantly impact water flows? 
If you were to go to the site, how would reality differ from what you learned from the map? 
 
Creative Thinking Tools: Pattern recognition, dimensional thinking, abstracting 
 
Activity Length: 1-4 hours 
 
Resources 
Ammann, A., & Stone, A. (1991). How to read a topographic map and delineate a watershed. 

Retrieved from 
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_014819.pdf,  

 
West Virginia Conservation Authority. (n.d.). Drawing watershed boundaries. Retrieved from 

http://www.wvca.us/envirothon/pdf/Watershed_Delineation_2.pdf 
 
Illustrations to Add: Sample topographic map with the watershed delineated, drawings of 
common watershed flow patterns, or drawing of ridges and valleys depicted as contour lines. 
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9. Photo Monitoring Through the Seasons 

Learning Objective: Use photo monitoring to observe ecosystem changes through the seasons. 
 

Introduction 
Each season brings a range of biophysical changes to ecosystems, so the kinds of components, 
structures, and functions you observe will vary depending on the time of year you visit a site.  
 
Each season provides different opportunities to identify species—such as annuals in spring 
bloom, trees, shrubs, and grasses in summer, mushrooms in fall, or tracks in the winter—and 
each season presents these species in different stages of their life cycles.  
 
A visit in early spring or late fall may reveal frost heave exacerbating soil erosion. A visit after a 
summer thunderstorm may reveal hydrological features that would otherwise have gone 
unnoticed. A visit in the winter may reveal heavy snowdrifts, highlight topographic features, or 
allow you to see further across a landscape unobscured by vegetation. The list of potential 
differences around the year is endless.  
 
Restoration practitioners should ideally time their site visits to experience the range of conditions 
through the seasons, but in practice project timelines and other constraints can make it a 
challenge to visit a site multiple times. One way to quickly provide additional observations 
through the seasons is to set-up automatic photo monitoring to collect images of the site as it 
changes throughout the year. Practitioners also often use photographs to document sites before 
and after restoration work, and to continue to monitor a site as time passes after a project is 
completed. 

 
Instructions 
Select a suitable site to observe over a period of time and decide whether you will photo-monitor 
the site with automated, weatherproof cameras or by visiting the site multiple times to take 
photographs.  
 
Identify several locations to set up photo-monitoring points. Select vantages that will capture the 
most variability through the seasons by showing changes to vegetation, water patterns, and other 
ecosystem features. Mark the locations of your photo-monitoring sites with a physical marker 
such as wooden stake or if you intend to keep the photo-monitoring point for an extended period 
of time, use something sturdier.  
 
Take trial pictures at each location. Consider the framing and lighting for your shot. You may 
want to shoot early in the morning or in the evening for the best light. Watch out for shadows 
and solar glare; overhead light at high noon, for example, provides great illumination, but can 
wash out details. 
 
If you are using an automated camera, program it to take photos at regular intervals. Consider 
what time of day (or which times of day) will be best suited to photograph the site. Remember 
that sunrise and set vary across the seasons. Also keep in mind the size of each photo and the 
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memory and battery limits of the camera. You may want to visit the site occasionally 
to ensure the camera is functioning correctly. 
 
If you are doing this project by hand, make sure you include a fixed object in the landscape to 
landmark each photograph, making it easy to compare your shots. Take care to note the focal 
length and field of view used for each location, so you can be consistent when you return for 
repeat photographs. Try to visit the site under similar light conditions each time.  
 
To easily view and archive your photos decide on a naming protocol for your files (eg. photo 
monitoring location ID, date, and time). Compile all your shots and write-up your observations 
from the photos. 
 
Discussion Questions 
What did you notice about how your project site changed through the seasons? 
When might you use photo-monitoring for a project? 
What problems, if any, did you encounter with your photographs or equipment? 
 
Creative Thinking Tools: Observing, abstracting, recognizing patterns, dimensional thinking 
 
Activity Length: 6 months to 1 year 

 
Resources 
Woodward, A., & Hollar, K. (2011). Monitoring habitat restoration projects: U.S. Fish and 

Wildlife Service Pacific region partners for fish and wildlife program and coastal 
program protocol. Retrieved from http://pubs.usgs.gov/tm/tm2a11/pdf/tm2a11.pdf 

 
Oregon Watershed Enhancement Board. (2007). OWEB Guide to Photo Point Monitoring 

Retrieved from 
http://www.oregon.gov/oweb/docs/pubs/photopoint_monitoring_doc_july2007.pdf 

 
Natural Resource Management South. (n.d.). Photopoint Monitoring. Retrieved from 

http://www.nrmsouth.org.au/wp-content/uploads/2014/08/Photo-Monitoring-Fact-Sheet-
NRM-South.pdf 

 
Illustrations to Add: Examples of photo-monitoring over a period of time. 
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10. Find an Expert to Help 

Learning Objective: Identify experts in your area and meet with one to learn specialized 
information about one or more aspects of the local landscape. 

 
Introduction  
Given the wide range of knowledge and skills needed to understand ecosystems and decide on 
restoration interventions, it is no surprise that restoration projects often involve teams of people 
working together. Restoration practitioners are often generalists whose role is to see all parts of 
the restoration project, from understanding the local conditions to planning and executing a 
restoration plan. Consequently, for specialized skills or knowledge, practitioners often need to 
rely on experts such as geologists, pedologists, hydrologists, botanists, ornithologists, 
microbiologist, mycologists, sociologists, anthropologists, GIS specialists, or local contractors. 
 
Although meeting over a hot drink in a café can be a great way to get introduced, experts can 
usually provide the most relevant and valuable knowledge in the field, where examples are 
immediately available and the environment can inform the discussion. 
 
Instructions 
Identify an aspect of your local ecosystem you would like to know more about and reach out to 
one or more local experts for help. Choose any topic that will help you better understand the 
abiotic, biotic, or cultural attributes of your ecosystem.  
 
If you are completing this activity with a number of people, have your group choose a variety of 
different types of experts. Call or write them to ask if they would be willing to meet you in the 
field for a brief tour to learn from them. If they are unable to meet, perhaps they can put you in 
touch with another expert who might be available. You may have to call around before you find 
someone to meet you. Let the person know this is part of a learning assignment.  
 
Make sure to choose a meeting location that provides the best environment for the expert to 
showcase their knowledge. Someone with cultural expertise for example, would likely want to 
meet in a different location than a geologist or GIS specialist.  
  
Write a brief description of your experience and reflect on what you learned. You may choose to 
present your experience in a medium other than a written report. 
 
Discussion Questions 
What did you learn from the experts you consulted? 
What type of experts might you consider consulting in the future? 
Is there an ideal restoration team and if so, who would make up this team? 
 
Creative Thinking Tools: Observing, recognizing patterns, transforming 
 
Activity Length: 2-4 hours 
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Illustrations to Add: Expert show-and-tell in the field  
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11. Community Interviews 

Learning Objective: Gather local knowledge about your project site from community 
members. 

 
Introduction  
Successful practitioners understand how the social and political landscape shapes a project, in 
addition to the physical and ecological context. Community members, site users, project 
stakeholders, neighbours, and local experts all have a range of ecological knowledge and 
perspectives to share about a project site. People’s values about a place are important and many 
restoration projects have failed when community members weren’t properly consulted.  
 
Learning how to conduct interviews and public consultations, and how to integrate these 
perspectives into a project, are important skills for every restoration practitioner.  
 
It is critical to gather local ecological knowledge about the present and past conditions of the 
ecosystem from the community. People may remember how an ecosystem has changed over time 
and what led to these changes. They may be able to provide insight, for example, about how 
wildlife and humans use the area or changes to plant composition or health. 
 
It is also valuable to find out how local people feel about a site, and their opinions of any 
potential restoration work. People may, for example, use an ecosystem to earn their living, to 
recreate, walk their dogs, pick berries or harvest firewood, or perhaps they value it simply for its 
aesthetic beauty. Knowing how the community uses a site and what aspects about the site they 
value can be tremendously helpful for understanding how various groups in the community are 
likely to respond to proposed changes. 
 
Instructions 
If you’re not already working on a restoration project, invent an imaginary project that you 
would want to consult the local community about. Identify the stakeholders—the people who use 
the site, the site’s nearby neighbours, and possibly other groups as well—and develop a brief 
public consultation strategy for your project. See the resources below for some examples of 
approaches to public consultation and consider how you can adapt these to your specific 
situation. 
 
Consider the specific information you hope to collect from community members and how you 
will collect this information. It may be helpful to brainstorm questions to ask with a group of 
your peers. Craft questions that will elicit local knowledge about the site from community 
members, including current or past ecological conditions and changes that have occurred at the 
site. Also include questions that will help you investigate people’s values about the site. Ask for 
example, what aspects of the site are important to them and how they feel about any potential 
changes. 
 
For tips about conducting interviews review the Community Tool Box resource referenced 
below.  
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Plan how you will introduce the project. Make sure to let participants know you are conducting 
this interview as a learning activity and that the restoration project is hypothetical. 
 
Before you speak with anyone, make sure you have the necessary approvals to conduct research 
that involves people. Many educational and governmental institutions require that you submit 
your project to an ethics approval process. 
 
Finally, you’re ready to do the interviews. Make sure you obtain explicit permission from all 
participants that you may include their views in your work. Take notes during the interview, and 
then write up the key points immediately afterwards. If you plan to record the interview, make 
sure you have explicit permission in advance. 
 
After completing your interviews, think about how you might integrate this information into your 
project. Assemble your brief public consultation strategy and a summary of your interview notes.  
 
Discussion Questions 
What insights about the site did you gain from speaking with locals? 
Why is public consultation important? 
Were you satisfied with how you communicated the project? Why? 
What might you do differently next time? 
How can you integrate what you learned from the community into your project? 
Given what you learned, what strategies would you use in the future to communicate with 
community members? 
 
Creative Thinking Tools: Observing, empathizing, abstracting, recognizing patterns, 
synthesizing 
 
Activity Length: 2-6 hours 
 
Resources 
Bryson, J. M., Quick, K. S., Slotterback, C. S., & Crosby, B. C. (2013). Designing Public 

Participation Processes. Public Administration Review, 73(1), 23-34. Retrieved from 
https://www.acme-journal.org/index.php/design/article/viewFile/1265/1081 

 
Community Tool Box. (n.d.). Section 12: Conducting Interviews. Retrieved from 

http://ctb.ku.edu/en/table-of-contents/assessment/assessing-community-needs-and-
resources/conduct-interviews/main 

 
Consultation Toolbox: A guide to undertaking consultations. (2004). Ottawa: Fisheries and Oceans 

Canada. http://www.dfo-mpo.gc.ca/Library/282189.pdf  
 

Rowe, G., & Frewer, L. J. (2005). A Typology of Public Engagement Mechanisms. Science, 
Technology & Human Values, 30(2), 251-290. doi: 10.1177/0162243904271724 
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Illustrations to Add: Restoration practitioner interviewing a dog walker or berry 
picker. 
12. Host a (Mock) Public Consultation 

Learning Objective: Organize and facilitate a public consultation for an upcoming restoration 
project. 
 
Introduction  
Engaging local people can be critical for the success of your restoration projects. Consultations 
could be one-on-one interviews, written or online surveys, or “town hall” public consultations. 
Being able to organize and host a public engagement session requires good communication, 
facilitation, and mediation skills.  
 
Before a project moves ahead, community members want to feel that they had an opportunity to 
be heard. It is usually impossible to satisfy everyone’s requests, but people will be more likely to 
support a project if they feel they were genuinely consulted through a credible process.  
 
In advance of any public engagement, it can be useful to provide education about the project so 
community members understand the issues. Many public consultations begin with a presentation 
of proposed work, including the project background, problems, goals, constraints, and timelines.  
 
Every consultation has an open question period. It’s good practice and preparation, before a 
public consultation event, to anticipate the questions people are likely to have so you can prepare 
your responses.  
 
Some type of facilitated activity also sometimes follows presentations. There are many strategies 
for public engagement, and it may be worthwhile to briefly research some of these to use in your 
own public consultations in the future. 
 
Instructions 
Organize groups of at least five people with whom you will role-play a mock public consultation. 
Assemble details about a restoration project, real or imagined, that is already familiar to most of 
your group. 
 
In your group, come up with a short presentation to the public about the restoration project. 
Identify issues you foresee community members raising at a consultation. Try to imagine the 
controversies that can develop around ecological restoration projects, and consider who the 
project supporters and opponents might be.  
 
Decide on a role for everyone in your group to play at the public consultation. One or two people 
will be the experts who present the project. Everyone else will take on the role of a stakeholder 
to represent a particular point of view, including supporters both for and against the proposed 
project. Each person should get into their role by thinking about and practicing what their 
character might say or do. If you’d like, use props. 
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Once the stage is set, run through the public consultation with everyone playing their 
role as if it was a real-life situation. After completing this role-playing, have a discussion to 
reflect on how it unfolded. 
 
 
Discussion Questions 
What types of facilitation skills are needed to effectively engage the public? 
How would you plan to integrate feedback from the public into restoration projects?  
What conflicts can arise around ecological restoration work? 
What are some productive strategies to address opposition to a project?  
 
Creative Thinking Tools: Playing, dimensional thinking, synthesizing, observing 
 
Activity Length: 1-4 hours 
 
Resources 
Arnstein, S. R. (1969). A ladder of citizen participation. Journal of the American Institute of Planners, 

35(4), 216-224.  
 
Shipley, R., & Utz, S. (2012). Making it count: A review of the value and techniques for public 

consultation. Journal of Planning Literature, 27(1), 22-42. 
 
Hurlbert, M., & Gupta, J. (2015). The split ladder of participation: A diagnostic, strategic, and 

evaluation tool to assess when participation is necessary. Environmental Science & 
Policy, 50, 100-113. doi: 10.1016/j.envsci.2015.01.011 

 
Illustrations to Add: Town hall meeting type atmosphere or protest. 
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13. Shifting Landscapes 

Learning Objective: Look for signs of historical conditions and explore how landscapes 
change over time. 

 
Introduction  
Ecosystems contain memories, clues to a place's past, and these signs are often present if you 
know what to look for. It can be difficult to imagine what a place looked like a century or 
millennia ago. However, learning to see evidence of historical conditions can help you 
understand present conditions and future trajectories. 
 
Historical influences operate at a variety of temporal and spatial scales. Some evidence, 
geological and topographical clues, for example, can date back millions of years and are part of 
larger landscape-scale processes. Other past influences may reflect local events that occurred 
more recently, such as natural and human-caused disturbances.  
 
Instructions 
This activity involves detective work to figure out the types of historical influences that led to the 
current conditions of the ecosystem you are studying. You will combine first-hand sleuthing in 
the field with background research. 
 
First, learn a little about the recent and distant history of your local area. Read up on the 
geological and climatic history and the periods during which different plants and animals 
colonized your area. Look into the local history of the area and develop a sense of the human-
caused changes to the landscape. Old aerial photos or historical maps for the area can be an 
excellent source of recent land changes. Consider what other types of information may be useful 
to identify changes.  
 
In the field, try to identify areas with signs and artifacts that tell part of the historical story of the 
place. For severely degraded sites, this may be difficult. 
 
Ask yourself what the site may have looked like in recent and distant history. Accumulate as 
many lines of evidence as you can. Look at the geology, soils, and topography for example, and 
look for remnants of the ecosystem before current human disturbances. Look for evidence of 
former land uses, for example from farming, forestry, industry, or former settlements. Consider 
what the current composition, abundance and structure of the organisms in the system can tell 
you about the site history. What can all of these aspects tell you about the ecosystem's past? How 
can you use the historical conditions to speculate about the ecosystem’s future potential? 
 
Use your observations and research to create a short story or presentation about the history of the 
place. Be creative. You might present your story with a chronological timeline, or you could tell 
the story as if you were the ecosystem sharing memories about your experience. Use samples, 
visuals, or other ways to communicate what you found.  
 
No matter how you present the land’s story, keep in mind your objective to consider how past 
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influences set the stage for the current conditions, and suggest future pathways. 
 
Discussion Questions 
Which signs offered the most obvious clues about the history of the ecosystem? 
Which signs were difficult to see? 
How can restoration practitioners use this historical information? 
Was disturbance a regular part of the natural cycles of the ecosystem you studied? Explain how. 
What range of other tools and techniques are at scientists’ disposal to investigate historical clues? 
 
Creative Thinking Tools: Observing, abstracting, dimensional thinking, pattern recognition, 
synthesizing 
 
Activity Length: 2-6 hours 
 
Resources 
Apfelbaum, S., & Haney, A. (2012). Step 2: Investigate historic conditions. In The restoring 

ecological health to your land workbook (pp. 29-43). Washington, DC: Island 
Press/Center for Resource Economics.  

 
Barak, R. S., Hipp, A. L., Cavender-Bares, J., Pearse, W. D., Hotchkiss, S. C., Lynch, E. A. & 

Larkin, D. J. (2016). Taking the long view: Integrating recorded, archeological, 
paleoecological, and evolutionary data into ecological restoration. International Journal 
of Plant Sciences, 177(1), 90-102.  

 
Egan, D., & Howell, E. A. (2005). The historical ecology handbook: A restorationist's guide to 

reference ecosystems. Washington, D.C: Island Press. 
 
Higgs, E., Falk, D. A., Guerrini, A., Hall, M., Harris, J., Hobbs, R. J., . . . Throop, W. (2014). 

The changing role of history in restoration ecology. Frontiers in Ecology and the 
Environment, 12(9), 499-506.  

 
Wessels, T. (2010). Forest forensics: A field guide to reading the forested landscape. 

Woodstock, VT: The Countryman Press. 
 
Illustrations to Add: Representation of ecological change over the last millennia or other 
macro-scale changes, e,g., rock formations, global climatic changes, etc… 
 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 146 
14. Where's my Reference Ecosystem? 

Learning Objective: Identify suitable reference ecosystems for a restoration project.  
 
Introduction  
A reference ecosystem is a model used to guide ecological restoration projects by providing 
insight into the types of healthy communities that thrive in similar biophysical conditions as the 
degraded project site. Practitioners’ understanding of a site can benefit from observations of local 
species assemblages and community structures in healthy ecosystems. 
 
A suitable reference ecosystem will typically share similar physical characteristics to your site. 
These factors include climate, elevation, solar aspect, topography, soils, and moisture regimes.  
Reference ecosystem are sometimes available close to the project site, although sometimes you 
will have to search further afield for a good reference.  
 
In cases where there are no suitable reference ecosystems, you may need to pull together 
information about the possible range of components and structures for your ecosystem from 
secondary sources such as species lists, soil maps, and written descriptions about site 
characteristics, historical documents, illustrations, and common plant assemblages. 
 
Systems that have been culturally modified for centuries may not have obvious reference 
ecosystems. In these cases, practitioners will also need to use secondary sources to formulate a 
suitable reference condition including information that is either historically or geographically 
distant. In this case indicators of ecological integrity are also useful, such as measures of 
diversity, vegetation cover and biomass, water quality and availability, nutrient cycling and 
decomposition, soil quality and depth, trophic structure, and so on. 
 
For additional information about choosing an appropriate reference ecosystem consult the 
resource list below. 
 
Instructions 
Create a photo presentation to compare qualities of a degraded project site with your healthy 
reference ecosystem. A camera and notebook are required. 
 
Once you have chosen a restoration project site, search for a reference ecosystem that will tell 
you what type of ecosystem suits the specific requirements of your site. You may want to search 
documents for general physical and biological background on local ecosystems. If you have GIS 
skills and appropriate map data, you may want to narrow down potential reference sites this way. 
However you go about it, choose a suitable reference ecosystem site. 
 
Visit your project site to describe and photograph the qualities of the ecosystem that you observe. 
You might, for example, note and photograph the composition of vegetation, as well as the 
relative abundance, condition, and age of the various species you see. What is the underlying 
geology and topography? What is the quality of soils and moisture regimes? What is the site’s 
history? Are there signs of natural regeneration or remnants of native ecosystems? What species 
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live there?  
 
Now visit your reference site to photograph and compare the qualities of this ecosystem with 
your project site. Consider the same questions you asked about your degraded ecosystem. How is 
the reference site different? What successional stages does the reference exhibit? Does the 
reference ecosystem show signs of stress or degradation? 
 
You may want to return to your project site a second time to compare what you saw at the 
reference ecosystem and fill knowledge gaps you noticed. Then review your notes and look 
through your photographs. Add descriptions to a set of representative photos and arrange them in 
an order to tell a story that compares the state of the two sites. Share your observations with your 
peers. 
 
Discussion Questions 
What criteria did you use to choose a reference ecosystem? Was this difficult? Why or why not? 
How degraded was your project site relative to the reference? 
Did your project site have any remnants of a healthy ecosystem? Were these remnants similar or 
different to the reference? 
What benefits and challenges are there to using a reference ecosystem as a guide to plan 
restoration projects? 
 
Creative Thinking Tools: Observing, abstracting, pattern recognition, dimensional thinking 
 
Activity Length: 2-6 hours 
 
Resources 
Clewell, A., & Aronson, J. (2013). Chapter 7: Reference ecosystems. In Ecological restoration: 

Principles, values, and structure of an emerging profession (pp. 136-167). Washington, 
DC: Island Press 

 
Egan, D., & Howell, E. A. (2005). The historical ecology handbook: A restorationist's guide to 

reference ecosystems. Washington, DC: Island Press. 
 
Keenleyside, K. A., Dudley, N., Cairns, S., Hall, C. M., & Stolton, S. (2012). Defining reference 

ecosystems. In Ecological restoration for protected area: Principles, guidelines and best 
practices (p. 61). Gland, Switzerland: IUCN. 

 
White, P. S., & Walker, J. L. (1997). Approximating nature's variation: Selecting and using 

reference information in restoration ecology. Restoration Ecology, 5(4), 338–349. 
 
Illustrations to Add: Picture or line drawing of a degraded ecosystem and healthy ecosystem. 
See White and Walker (1997) for ideas. 
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Chapter 3: Awareness 

Having a deep awareness of your environment is an especially important practical skill 

for ecosystem stewards. An acute awareness of natural systems requires the use of all your 

senses and lots of time and effort to hone good observation skills. A reflective practitioner must 

also consider the influence of intuition when considering the whole project context. This chapter 

focuses on developing strong observation and reflection skills to deepen ecosystem awareness 

and self-awareness.  

Activity Title Learning Objectives 
15. Initial Impressions Make quick initial ecosystem assessments by 

drawing on first impressions and intuition. 
16. Sit Spot: A Practice for 
Ecosystem Awareness 

Practice tuning your awareness to the details of 
your immediate environment. 

17. Hide and Seek Engage in play and incidentally develop ecological 
knowledge. 

18. Neighbourhood Patterns 
 

Develop a regular practice of observing the 
condition of the land while out for walks in your 
neighbourhood. 

19. Sensory Mapping 
 

Develop an awareness of the wealth of sensory 
information in your environment. 

20. Soundscape Walk and 
Acoustic Monitoring 
 

Focus your attention on the sounds of the landscape 
and consider how to use soundscape monitoring to 
gather site information. 

21. Natural History Drawing 
 

Develop your observation skills through natural 
history drawings. 

22. Visualizing Scale 
 

Consider how scale influences ecosystems and the 
restoration project context. 

23. Investigating Climate Change 
Impacts 

Identify current and future issues that climate 
change poses for ecosystems in your local area. 

24. Adaptive Learning Through 
Reflection 
 

Reflect on your learning about how to interpret 
ecosystems and apply these reflections to your 
ecological restoration practice. 
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15. Initial Impressions 

Learning Objective: Make quick initial ecosystem assessments by drawing on first impressions 
and intuition. 
 
Introduction  
Impressions about a place start to form the moment you step onto a piece of land with the 
intention of restoring it. First impressions about site conditions can provide valuable clues about 
where to focus your attention, and insights into the potential causes of degradation.  
 
As a novice, your intuitions may be inaccurate, perhaps wildly so. Think about another discipline 
in which you have considerable expertise: your intuitions in that discipline may be good now, but 
it took effort and experience to develop. Similarly, the more experience you gain as a restoration 
practitioner, the better you’ll become at quickly identifying patterns and areas of concern in the 
ecosystems you view. 
 
Although intuition is not commonly emphasized as a useful skill for scientists and practitioners, 
its influence may be more powerful than we typically admit. 
 
Instructions 
Take a notebook and head to the field. When you arrive at the site, take time to walk around and 
observe the state of the ecosystem. What do you notice first? Does the site look healthy? Do any 
issues jump out at you immediately? 
 
After five or ten minutes, jot-down your initial impressions. Allow your ideas to flow freely. The 
point of this exercise is to brainstorm and capture the site elements that first caught your 
attention. Also note questions, confounding observations, or knowledge gaps that come up. 
 
Repeat this activity at a number of different sites. For each site, share, compare and discuss your 
initial impressions with your peers. If you plan to do additional assessment work at one of these 
sites, review and compare your initial impressions with insights gained later from a full site 
assessment. 
 
Discussion Questions 
In the short time you viewed the site, what stood out the most? 
Which elements about the site would require more time to consider? 
What questions about the site’s condition came to mind? 
Would you say intuition or gut feelings influenced what you thought about the site? 
How does intuition play a role in your daily life? 
How does your personal history influence your intuition? 
 
Creative Thinking Tools: Observing, body thinking, abstracting, recognizing patterns 

 
Activity Length: 15 min – 1 hour 
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Illustrations to Add: A person stepping out of a truck looking through binoculars at 
the forest. 
16. Sit Spot: A Practice for Ecosystem Awareness 

Learning Objective: Practice tuning your awareness to the details of your immediate 
environment. 
 
Introduction  
Have you ever sat in one spot in nature long enough to appreciate the smallest details of your 
surroundings? Did you spend long enough in stillness and silence for the disturbance caused by 
your arrival to subside and for the wildlife to return to normal from high alert?  
 
When you return to one spot often enough and pay close attention, the natural world reveals 
itself in greater and greater detail. Restoration practitioners can benefit from honing good 
observation skills and learning to ask good questions about what they notice. 
 
This ‘sit spot’ is an ancient practice among naturalists that has recently been described and 
popularized by Jon Young and Tom Brown Jr., both well-known environmental educators and 
wildlife trackers.  
 
To be most effective, visiting a sit spot should be a regular practice with attention paid to 
observation with all your senses. Sit spot experiences can be even more beneficial when 
complemented with other reflective activities such as journaling and research.  
 
The sit spot habit can develop many abilities. With diligence, you can see and interpret the fine 
details of the composition, structure, and function of the living world.  
 
Instructions 
Find a spot in a natural setting that is easily accessible to your home, work, or place of study. It 
need not be pristine wilderness and could even be your backyard. You should try to choose a 
place where several ecosystems intersect, like the shore of a creek, or the edge between woods 
and a meadow. There’s usually more ecological action at edges. 
 
Go to this place and sit quietly for at least 20 minutes, preferably longer. It will likely take at 
least that long for the local wildlife to adjust to your presence. Try to arrive slowly, in a calm 
state of mind, to minimize the disturbance you will inevitably create.  
 
Focus your attention outward on your surroundings and simply observe using all your senses. 
When you find your mind wandering off to faraway places, details about your life, or what 
you're planning to do next, gently bring your attention back to the here and now of your 
immediate environment. 
 
After the sit spot time is over, reflect on what you noticed and write this down. Journaling about 
your experience is especially useful for keeping track of how your observations change over time 
as you continue your sit spot practice.  
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Discussion Questions 
What did you notice at your sit spot? 
What meaning can you take away from your observations? 
Can you identify any patterns that explain the way things are at your sit spot? 
What is the most difficult part about the sit spot activity? Why is that? 
What is rewarding about the sit spot activity? What frustrates you? 
How might this quiet observation apply to your abilities as a restoration practitioner? 
 
Creative Thinking Tools: Observing, imaging, recognizing patterns, body-thinking, 
synthesizing 
 
Activity Length: 20+ minutes 
 
Acknowledgements: Credit for this activity goes to wildlife tracker Tom Brown Jr. and Jon 
Young of Coyote Mentoring Wilderness Awareness School 
 
Resources 
 
Young, J., Haas, E., McGown, E., & Louv, R. (2010). Coyote's guide to connecting with nature 

(2nd ed.). Shelton, WT: OWLink Media. 
 
Thomashow, M. (2002). Bringing the biosphere home: Learning to perceive global 

environmental change. Cambridge, MA: MIT Press. 
 
Van Matre, S. (1972). Acclimatization : a sensory and conceptual approach to ecological involvement. 

Martinsville, IN: American Camping Association. 
 
Van Matre, S. (1974). Acclimatizing. Martinsville, IN: American Camping Association. 
 
Illustrations to Add: Person sitting quietly on a rock in a natural setting, birds singing, trees 
moving, include details common to a forest setting and perhaps some elements of the built 
environment e.g. a plane flying overhead or electrical wires. 
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17. Hide and Seek 

Learning Objective: Engage in play and incidentally develop ecological knowledge. 
 
Introduction 
There are many ways to develop ecological knowledge. Engaging in activities ‘for the fun of it’ 
can sometimes lead to important, unintended, and serendipitous discoveries.  
 
A simple game of hide and seek in a natural setting may set you up for intimate experiences with 
nature. As you focus on the task of not being found, you might forget entirely about your close 
contact with the forest floor!  
 
While you wait quietly to be found, all sorts of insights may arise. You may for example, notice 
dramatic species interactions between insects, discover new smells of fungi or humus, or 
contemplate what life is like for common prey species. 
 
Instructions 
With a group, head outdoors to a setting that provides a variety of suitable cover. Follow the 
rules for the most classic game of hide and seek. One person closes their eyes and counts while 
everyone else disperses to find places to hide…  
 
Don’t put pressure on yourself to have deep insights; instead, have fun with the activity. After a 
few rounds, get everyone together to discuss your observations and passing thoughts.  
 
Discussion Questions 
What did you notice or think about during the game? 
Did you notice anything that surprised you, or that was unusual? 
As a group, did common themes arise?  
 
Creative Thinking Tools: Playing, observing, empathizing 
 
Activity Length: 20 minutes - 1 hour 
 
Resources 
Western Regional Environmental Education Council, Project WILD, Canadian Wildlife 

Federation, & Western Association of Fish and Wildlife Agencies (U.S.). (1995). Project 
WILD: Activity guide. Ottawa: Canadian Wildlife Federation. 

 
Illustrations to Add: Drawing of people playing hide and seek in an old-growth forest. 
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18. Neighbourhood Patterns 

Learning Objective: Develop a regular practice of observing the condition of the land while 
out for walks in your neighbourhood. 
 
Introduction  
Everywhere you look in your neighbourhood or anywhere you visit, opportunities abound to 
casually assess the ecological integrity of the land. You can boost your observational skills with 
a regular practice of considering the quality of ecosystems in your surroundings.  
 
A quick glance at a site won’t provide a detailed assessment of the conditions, but the more you 
get to know the ecosystems in your area, the more quickly you’ll start to notice patterns that 
indicate the system has ecological integrity or is degraded. 
 
Instructions 
Take a walk in your neighbourhood. Bring a camera and observe different types of land cover. 
Try to find and photograph examples of thriving ecosystems in urban and suburban areas. Look 
to see what communities of plants, animals, and fungi they support. Compare this with the yards 
of homes and businesses. Look at empty lots and neglected places and visit parks. Look for areas 
that still have relatively intact patches of natural ecosystems. Notice remnants of natural 
ecosystems and compare this with other places where ecosystems have been simplified by 
cultural landscapes. 
 
Once you’ve completed your walk, upload the photographs and write a few words to describe 
what you observed. Create a photomontage from your experience. 
 
Try making a regular habit of looking for ecological integrity and degraded land wherever you 
visit. Bring it to the next level by imagining how you might intervene to restore ecological 
functions where they have been lost. 
 
Discussion Questions 
What type of patterns did you observe in your neighbourhood? 
Did you see examples of best practices in urban land management? 
What were some of the most degraded places like? 
How has your view of land in your neighbourhood changed over time? 
 
Creative Thinking Tools: Observing, imaging, pattern recognition, pattern formation, playing 
 
Activity Length: 2+ hours 
 
Illustrations to Add: Friends out for a walk in an urban area with different types of land cover 
(Panorama of a house, lawn, abandoned lot with weedy species, garden with structure filled with 
birds and butterflies, neighbourhood park) 
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19. Sensory Mapping 

Learning Objective: Develop an awareness of the wealth of sensory information in your 
environment. 

 
Introduction  
Our environment is full of sensory information. Sight, sound, touch, smell, and even taste can 
provide useful clues about the condition of an ecosystem. Tuning your awareness to the 
multitude of sensory information in your surroundings is a skill that takes practice. 

 
Of all our senses, we often think of sight as our most important one to gather information about 
our immediate environment. But other senses—smell, touch, sound and whole-body 
sensations—also offer rich information about the condition of the environment if we pay 
attention.  
 
Sensory mapping brings your attention to senses that often go unnoticed and helps you consider 
what meaning can be interpreted from this information. 

 
Instructions 
Choose a landscape that has a variety of land cover types, for example a forested area, a meadow 
or pasture, and various urban and semi-urban settings.  
 
Head out for a ‘sensory walk’ where you focus your attention on the ways the living world 
activates your senses. Tune into the physical sensations you experience. Pay particularly close 
attention to what you feel with your skin, what you hear, and what you smell or taste. You may 
also want to note things that catch your eye, keeping in mind that the objective is to focus on the 
range of sensual information that you can gather.  

 
Consider different ways to depict what you experienced. You may choose to draw pictures, use 
words, or some other creative way to share your observations. Create a simple map that shows 
your route and what experienced along the way. The map doesn’t need to be to scale; it should 
be a subjective representation of your sensual experience. 
 
Explain your map and observations to your peers, and learn from theirs as well. Notice the range 
of sensory information that caught people’s attention and the various approaches people used to 
depict their observations. 

 
Discussion Questions 
What can sensory information tell you about the condition of an ecosystem? 
What other meaning can you interpret from your sensory experience? 
Which senses do you most often rely on to experience the natural environment? 
Which senses would you like to develop more for a richer experience? 
 
Creative Thinking Tools: Observing, body thinking, imaging, recognizing patterns, and playing 
 



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 155 
Activity Length: 1-3 hours 
 
Resources 
Cohen, M. J. (2003). The web of life imperative. Victoria, BC: Trafford. 
 
Cohen, M. J. (n.d.) Project NatureConnect. Retrieved from http://projectnatureconnect.org/ 
 
Cornell, J. B. (1989). Sharing the joy of nature: Nature activities for all ages. Nevada City, CA: Dawn 

Publications. 
 
Thomashow, M. (2002). Bringing the biosphere home: Learning to perceive global 

environmental change. Cambridge, MA: MIT Press. 
 
Acknowledgements: This activity was developed by environmental educator Dr. Mitchell 
Thomashow.  

 
Illustrations to Add: Student examples of sensory maps. 
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20. Soundscape Walk and Acoustic Monitoring 

Learning Objective: Focus your attention on the sounds of the landscape and consider how to 
use soundscape monitoring to gather site information. 
 
Introduction 
Species composition, weather patterns, and site structure all contribute to create a local 
soundscape. Soundscape ecology seeks to understand how all the sounds in a landscape are 
generated, how they combine to affect organisms, and how organisms interact acoustically.  
 
Sound is an important way to gather information especially for species such as birds, that are 
often more likely to be heard than seen. Some sounds use frequencies not audible to humans. 
Bats, for example, emit high frequency calls that can only be detected with special equipment. 
Cities are also filled with sounds that reflect the activities and structure of culture and the built 
environment.  
 
Changes to the timing of sounds throughout the day can alert us to ecological patterns. 
Comparing changes to the soundscape over time can provide valuable information about how an 
ecosystem’s integrity has improved or degraded. An appreciation of soundscapes can help us 
identify ecosystem attributes and open us to clues about the extent humans have impacted the 
land. 
 
With the right equipment, monitoring sounds over time can provide clues about current site 
conditions and can be used to collect baseline data to compare with improvements that result 
from restoration interventions. 
 
Instructions 
Activity I: Soundscape Walk 
Identify three or more locations where you expect to find different types of sounds. Visit each 
place in turn and sit quietly for 10 or 15 minutes. Focus your attention on the sounds that 
surround you. Use a notebook to briefly describe the site and record details about what you hear. 
While you walk from one site to another, note any sounds that you hear.  
 
Create a simple map to depict your walking route and the spots you chose to sit and listen. Draw 
or write on the map the types of sounds you heard. Come up with a strategy to represent the 
frequency and loudness of the sounds. Be creative with how you communicate your 
observations. The map does not need to be to scale, the objective is to identify patterns between 
sounds and the integrity of the ecosystem. 
 
Discussion Questions 
Were you able to identify many of the sounds you heard? Which ones? What did you hear that 
you couldn’t identify? 
What did these sounds tell you about the landscape? 
How might the sounds you heard affect organisms and processes? 
How can sound information be integrated into site assessment for ecological restoration? 
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Activity Length: 1-2 hours 

 
Activity II: Acoustic Monitoring 
This activity requires specialized equipment for outdoor sound recording and computer software 
to analyze your data. See Fristrup and Mennitt (2012) in the resources section for an overview of 
equipment available for this task.  
 
Consider locations that would be suitable to monitor sound activity and choose a site likely to be 
visited by the widest range of wildlife.  
 
Set up a weatherproof audio recording device for a minimum of a week or longer. Retrieve your 
recording device to review the data. Most professional sound monitoring projects use software to 
classify the sounds. If you don’t have access to software and plan to evaluate your recordings 
manually, you are better off conducting the monitoring over a short time period and then 
selecting key times of day to listen to the data.  
 
Briefly report on the data captured through your monitoring. What did you hear? Can you 
identify patterns throughout the day that reflect specific routines of various species? What does 
your data tell you about the site? 
 
Discussion Questions 
Did you get a sense of what some of the animal sounds might mean? 
Did the sounds change throughout the day? 
Are any notable species absent? 
How would you expect soundscapes you monitored to change through the seasons? 
How could you integrate soundscape monitoring into your restoration work? 
 
Activity Length: 6+ hours 
 
Creative Thinking Tools: Observing, body thinking, imaging, empathizing, recognizing 
patterns, dimensional thinking 
 
Resources 
Krause, B. (2013). The voice of the natural world. TEDGlobal. Retrieved from 
https://www.ted.com/talks/bernie_krause_the_voice_of_the_natural_world?language=en 
 
Fristrup, K. M., & Mennitt, D. (2012). Bioacoustical monitoring in terrestrial 
environments. Acoustics Today, 8(3), 16-24.  
 
Illustrations to Add: Creatures known for their sound and visuals of sound waves. 
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21. Natural History Drawing 

Learning Objective: Develop your observation skills through natural history drawings. 
 
Introduction 
The great 19th century biologist, Louis Agassiz, said “a pencil is one of the best of eyes" 
(Cooper, 1917). The tradition of drawing nature is one of the oldest practices of naturalists. 
Before photographs, realistic hand-drawn representations of nature were the primary way to 
illustrate and communicate information about species and landscapes.  
 
Natural history drawing directs observers to focus in great detail on one, minute aspect of nature 
at a time. Regardless of whether or not you have the talents of John James Audubon, there is 
educational value in taking time to draw what you observe, even if it’s a quick sketch.  

 
Instructions 
Identify a natural object in your local ecosystem. Choose something unfamiliar that you want to 
get to know better: this could be a plant, fungi, or animal. Objects that are slow moving or 
stationary make the easiest subjects for live drawing.  
 
With a pencil, paper, and a hard surface, draw what you observe. Attempt to be accurate by 
taking care to get proportions right and include as much detail as possible. Imagine you are 
‘discovering’ this organism for the first time and you want to show the world exactly what it 
looks like in all its glory! Draw more than just the subject organism, including some detail of its 
habitat or behavior. 
 
You may need to try multiple times to achieve a satisfying result, and don’t worry if your final 
image is not perfect. Photograph your subject matter so that you can compare your drawing with 
the photo image. In fact, tracing photographs can help you develop your sense of shape, 
proportion, and perspective. 

 
If time permits, return to sketch the object again as the season changes. It is especially rewarding 
to draw a time series of a plant or fungi as it completes its life cycle. Consider making multiple 
sketches of different aspects of the ecosystem that catch your eye. 
 
Remember that the intention is to focus your attention on the smallest details of nature’s 
anatomy. If you are doing this activity as part of a group, make an exhibition of everyone’s 
drawings, include photos alongside your drawings to show what you worked from.  
 
Discussion Questions 
What benefits might this exercise have for skills as an observer? 
Were you able to see more detail in the object after completing your drawing? 
Were you content to spend time drawing? Did this exercise make you impatient?  
Were you satisfied with your final drawings? Why or why not? 
What practical applications might this skill have? 
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Creative Thinking Tools: Observing, imaging, dimensional thinking, recognizing 
patterns, playing, abstracting 
 
Activity Length: 1-3 hours 
 
Resources 
Cooper, L. (1917). Louis Agassiz as a Teacher. Retrieved from http://www.fullbooks.com/Louis-

Agassiz-as-a-Teacher.html 
 
Edwards, B. (2013). Drawing on the right side of the brain: A course in enhancing creativity and 

artistic confidence. New York: Souvenir Press. 
 
John Muir Laws: Nature Education Through Science, Education, and Art. (n.d.) How to draw 

plants. Retrieved from http://www.johnmuirlaws.com/drawing-plants 
 
Illustrations to Add: Examples of beautiful natural history drawings… 
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22. Visualizing Scale 

Learning Objective: Consider how scale influences ecosystems and the restoration project 
context. 

 
Introduction  
Scale can be a difficult concept to grasp as its influence extends to dimensions beyond the here 
and now. But understanding the effect of spatial and temporal scales on ecological processes can 
provide insights into how ecosystems function.  
 
Relevant spatial scales range from large-scale climate patterns or migration routes to medium 
scale patterns of water movement through a watershed, to small-scale microclimates and local 
species interactions, to even smaller scales of microorganisms, spores, and pollen grains on 
almost every surface. 
 
Temporal scales range from the ancient motion of continents, to changes in climate, to cycles of 
fire and reforestation, to the life of a moth, to the evaporation of dew in the morning. At any 
given site, historical influences can extend back hours, seasons, decades, centuries, millennia or 
longer, with legacies that may dwindle immediately or span well into the future. 
 
Looking ahead, restoration practitioners need to consider how long it will take for a system to 
recover and consider how interventions may alter this timeline. If our perception is limited to 
seasons and years, processes that mature over decades and centuries may not be fully 
appreciated. 
 
Instructions 
The purpose of this activity is to tease apart various scales that influence current ecological 
conditions. Take a notebook or audio recorder to the field and answer the following question: 
How are different processes at different spatial and temporal scales influencing local conditions? 
To back up your claims, look for signs in the ecosystem that scale is playing a role. 
 
Devise a strategy to illustrate your observations about scale. Be creative in the way you represent 
time and space. You might consider making a conceptual map using boxes and arrows to 
describe relationships between scales, or perhaps something more artistic such as collage of 
images organized in a way that depict various spatial and temporal scales. 
 
Write a paragraph or two to describe the influences you considered and a rationale for how you 
represented them. Present your visualization of scale to your peers.  
 
Discussion Questions 
Have you thought about the role scale plays in ecosystems or in your own life? Provide some 
examples of these contexts? 
Do you find it difficult to conceptualize how near and distant, or past and future events shape 
conditions? Explain why or why not. 
What strategies did you and others use to depict scale? What are the merits and challenges for 
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these various approaches? 
How could you incorporate this thinking about scale into your understanding of ecosystems? 
How does scale influence ecological restoration work? 
 
Creative Thinking Tools: Dimensional thinking, observing, modelling, forming patterns 
 
Activity Length: 2-4 hours 
 
Resources 
Callicott, J. B. (2002). Choosing appropriate temporal and spatial scales for ecological 

restoration. Journal of Biosciences, 27(4), 409-420.  
 
Holling, C. S. (1992). Cross-scale morphology, geometry, and dynamics of ecosystems. 

Ecological Monographs, 62(4), 447-502. 
 
Illustrations to Add: Visual interpretations of temporal and spatial timelines. 
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23. Investigating Climate Change Impacts 

Learning Objective: Identify current and future issues that climate change poses for 
ecosystems in your local area. 
 
Introduction  
Climate change is having a noticeable impact on ecosystems. Changes in physical conditions, 
such as average temperatures, seasonal extremes, or weather patterns, can exert a cascade of 
effects on the overall ecosystem. 
 
Observable signs might include changes in seasonal events, such as the timing of spring blooms, 
frost dates, rainy seasons, wildfires, and snow cover. Many species are also changing their home 
ranges, migration patterns, and behaviours. For other species, the changes are too great to 
overcome. 
 
Even if humans reduce greenhouse gas emissions sufficiently and increase the carbon 
sequestration potential of land under our care, climate change impacts will be felt for centuries.  
 
Given the complexity and unknowns of ecological relationships, it is difficult to anticipate how 
any particular ecosystem will be impacted by a changing climate. In the face of this uncertainty, 
restoration practitioners need to do their best to consider current and future impacts of climate 
change in the design of restoration activities.  
 
Instructions 
Research the ways climate change is affecting your area. Consider a wide range of sources of 
information, from local media reports and research institutions’ forecasts to local naturalists’ 
reports about the timing of annual ecological events or species counts. Try to piece together a 
picture of the kind of changes your community and ecosystems in your area can anticipate. 
Summarize what you find and discuss how you can apply this knowledge to your site assessment 
and any restoration interventions you might prescribe. 
 
Visit a nearby ecosystem to look for signs of degradation related to changes in the local climate. 
Try to relate what was reported in your local area about climate change to signs you observe in 
the field. Present a summary and analysis of what you read and what you observed in the field.  
 
If you cannot identify visible impacts of climate change on local ecosystems try to predict the 
sort of changes you can expect. Consider the implications of these changes on the ecosystem. 
 
Create a presentation or report to share your observations, as well as the changes you anticipate 
for your local area and any near term predictions you have for local ecosystems. 
 
Discussion Questions 
Are there any signs of climate change in the ecosystem you viewed? Explain. 
Is it difficult to identify the influence of climate change on your ecosystem? Why or why not? 
What did you learn about climate change projections for your local area? 
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Given these trends, how can restoration practitioners design strategies for ecological 
restoration that mitigate and adapt to these impacts? 
 
Creative Thinking Tools: Synthesizing, observing, dimensional thinking, abstracting, 
recognizing patterns 
 
Activity Length: 2-6 hours 
Illustrations to Add: Wildlife, drought, spring blooms and co-adapted insects, emissions, 
carbon sequestration… 
 
Resources 
Egan, D., Hjerpe, E. E., & Abrams, J. (2011). Chapter 13: Climate change implications for 

ecological restoration planning. In Human dimensions of ecological restoration: 
Integrating science, nature, and culture (pp. 177-187). Washington, DC: Island Press. 
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24. Adaptive Learning Through Reflection 

Learning Objective: Reflect on your learning about how to interpret ecosystems and apply 
these reflections to your ecological restoration practice. 
 
Introduction  
Adaptive management—the process of building a learning loop into planning—is an essential 
best practice for ecological restoration work.  
 
Adaptive management was developed specifically for situations where there is a great amount of 
uncertainty going into the project, and in which new information arises as the project progresses. 
An ongoing, iterative approach to project steps encourages managers to learn and incorporate 
new knowledge so the project can adapt to the best available information at any given time.  
 
Similarly, restoration practitioners can improve the application of their skills and knowledge in 
site assessment if they make a habit of reflecting on what works and what needs to change, and 
then alter their practice accordingly. 
 
Instructions 
Find a comfortable place to reflect on your experiences in assessing ecosystems. Write down 
what comes to mind as you answer the question: What have I learned? What are the primary 
lessons I can apply to my restoration work? Consider the discussion questions below. Repeat this 
activity often. 
 
Discussion Questions 
How has your ecological restoration practice evolved through your recent learning? 
How can you integrate theses changes into your ER work? 
How can you build an adaptive management approach into your projects? 
 
Creative Thinking Tools: Imaging, observing, pattern forming, synthesizing 
 
Activity Length: 30 min. 
 
Resources 
Chapin, F. S. I., Kofinas, G. P., & Folke, C. (2009). Principles of ecosystem stewardship: 

Resilience-based natural resource management in a changing world. New York, NY: 
Springer. 

 
Keenleyside, K. A., Dudley, N., Cairns, S., Hall, C. M., & Stolton, S. (2012). Using an adaptive 

process. In Ecological restoration for protected areas: Principles, guidelines and best 
practices (p. 53). Gland, Switzerland: IUCN. 

 
Salafsky, N., Margoluis, R., &. Redford, K., (2001). Adaptive management: A tool for 

conservation practitioners. Washington, DC: Biodiversity Support Program. 
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Wang, C. L., & Ahmed, P. K. (2003). Organizational learning: A critical review. The 

Learning Organization, 10(1), 8-17. 
 
Illustrations to Add: Visual representation of adaptive management or a person sitting in nature 
writing down their reflections. 
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Chapter 4: Decision-Making 

After investigating the site conditions practitioners must determine the extent that an 

ecosystem displays ecological integrity or is degraded. Forming a wholistic perspective of an 

ecosystem’s condition to use in restoration plans, requires research, fieldwork, and an overall 

synthesis of the project situation. This chapter presents strategies practitioners can integrate into 

their site assessment practice to determine the state of the ecosystem. 

Activity Title Learning Objectives 
25. Sleuthing for Filters 
to Recovery 

Learn to recognize common abiotic and biotic filters that modify the 
rate and trajectory of ecological recovery slow ecological recovery.  

26. Assess the Whole 
Project Context 

Evaluate the full range of socio-ecological factors that shape the 
whole project context and communicate these findings to a client. 

27. "Leitbild": 
Visualizing Site 
Potential 

Practice visualizing an ecosystem’s future site potential. 
 

28. Project Goals and 
Objectives 

Develop project goals and objectives based on your site assessment. 

29. Guided by Curiosity 
 

Identify questions that arise during site assessment to help you 
understand the ecosystem’s condition. 
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25. Sleuthing for Filters to Recovery 

Learning Objective: Learn to recognize common abiotic and biotic filters that modify the rate 
and trajectory of ecological recovery.  

 
Introduction 
Drastically degraded sites share many common issues that prevent or slow natural ecological 
recovery. Polster (2011) calls these problems “filters to recovery.” He lists the following 
common abiotic and biotic filters:  

Abiotic filters 
• Steep slopes • Adverse texture • Nutrient status 
• Adverse chemical 

properties 
• Soil temperature extremes • Compaction 

• Adverse micro-climatic 
conditions 

• Excessive erosion  

 
Biotic filters 

• Herbivory • Competition • Propagule availability 
• Phytotoxic exudates • Facilitation  • Species interactions 
 
Similarly, Morrison (2009, pp. 88-90) identifies filters that influence whether plants and animals 
can successfully get established at a site such as: 

Abiotic filters 
• Climate • Substrate • Landscape structure 
 

Biotic processes 
• Competition • Predation • Trophic interactions 
• Propagule availability • Mutualisms • Disturbance 
• Current (and past) 

composition and structure 
•   

 
Learning to recognize visible signs for any of these filters provides a useful strategy to quickly 
draw a practitioner’s attention to the site’s core problems.  
 
Instructions 
In this activity you will identify and photograph field examples of filters to recovery. The end 
product will be a photo guide of filters that are preventing or slowing an ecosystem from 
regenerating. To start, briefly define/describe and be sure you understand each filter to recovery. 
Feel free to combine any of the filters listed above that are redundant. You might also consider 
additional filters not listed. For each filter, brainstorm triggers that could likely lead to 
degradation and list visible signs you would expect to see. 
 
Visit a number of sites to observe and photograph as many filters to recovery as you can find. 
Photograph one or more examples of each. Describe where each photo was taken and briefly 
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provide an interpretation of what is happening for each image. Create a visual guide 
to your scale by assembling a photo collage that includes definitions for each filter and 
descriptions of your photos. Share your work with your peers. 
 
Discussion Questions 
Do you find the “filters to recovery” concept helpful? Why or why not? 
Were certain filters to recovery more common than others at the sites you explored? 
For filters you didn’t encounter in the field, where would you expect to see them? 
What were the various causes of the filters you discovered? 
How might you use filters to help create a restoration plan? 
 
Creative Thinking Tools: Observing, abstracting, recognizing patterns, forming patterns 
playing, dimensional thinking, synthesizing 
 
Resources 
Polster, D. F. (2011). Effective reclamation: Understanding the ecology of recovery. Paper 

presented at the Mine Closure Conference and B.C. Technical and Research Committee on 
Reclamation, BC Mine Reclamation Symposium, Lake Louise, AB. 
https://open.library.ubc.ca/cIRcle/collections/britishcolumbiaminereclamationsy/42036/items/
1.0042613  

 
Morrison, M. L. (2009). Restoring wildlife: Ecological concepts and practical applications (2nd 

ed.). Washington, DC: Island Press. 
 
Illustrations to Add: Symbols to represent each filter to recovery.   
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26. Assess the Whole Project Context  

Learning Objective: Evaluate the full range of socio-ecological factors that shape the whole 
project context and communicate these findings to a client. 

 
Introduction  
After gathering information about a site’s biophysical attributes and the project’s socio-political 
context, restoration practitioners face the task of determining the overall project situation. 
  
Traynor, Rieger, and Stanley (2014) provide an overview of factors for practitioners to consider 
as they assess the problem. They use a SWOT-C analysis (strengths, weaknesses, obstacles, 
threats and constraints) to identify "the factors or elements that have the greatest potential to 
influence the outcome of your restoration strategies" (p. 51). The table below lists the relevant 
factors practitioners should consider to assemble a picture of the whole project context. To learn 
the steps to conduct a feasibility and suitability analysis using the SWOT-C approach, read their 
“Chapter 4: Site Analysis.” 
 
Traynor, Rieger and Stanley’s Suitability and Feasibility Analysis (p. 50) 
General Factors 
• Legal considerations 
• Political considerations 
• Human use patterns 
• Historical context 
• Hazardous waste 
• Ownership and adjacent owners 

Physical Factors 
• Topography: elevation, slope, aspect 
• Hydrology: surface, groundwater 
• Landscape ecology considerations 
• Water quality 
• Soil chemistry and profile 

Biological Factors 
• Determine succession stage, historical 

patterns 
• Identify and evaluate habitat values and 

features 
• Assess extent of degradation 
• Wildlife and botanical resource inventory 

Anticipated Site Improvements 
• Define candidate restoration area 
• Buffer requirements 
• Irrigation development 
• Utility service: water, electric 
• Grading: soil import/export, topography 

modification 
• Drainage modifications/ flood control  

 
Instructions 
In this activity you will synthesize all the relevant elements of the ecosystem and project context 
into a comprehensive picture of the overall project situation. Choose a project to focus on, 
perhaps one with which you are already intimately familiar.  
 
Read through Traynor, Rieger, and Stanley’s (2014) list of factors to consider and design a 
strategy to tackle the various steps of site analysis. You may for example want to create a 
checklist to help you systematically address all the relevant factors. 
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For the general factors you will need to conduct background research about the socio-
political and biophysical context. You may also need to interview locals or experts to gather 
information about the site history, current land uses, and other socio-political factors. For 
fieldwork you will need to decide which measures you will use to identify all the site factors and 
then collect these data. During your site assessment, you may need to return to previous steps for 
additional details. This process is iterative and should remain flexible. 
 
Once you have information about all the factors, complete a strengths, weaknesses, 
opportunities, threats, and constraints analysis based on what you discovered. Use this to create 
an overall assessment of the project situation. Assemble this information in a concise report to 
present to your client. Consider including photographs, maps, lists, and tables to communicate 
key information. Make sure your report includes a clear assessment of the condition of the land 
and the overall project situation. Also, recommend next steps for planning restoration work. 
 
Discussion Questions 
Are you satisfied that your report reflects the state of the ecosystem you examined? Why or why 
not? 
Which parts of the site analysis were the most difficult? Explain? 
Was the SWOT-C approach useful or would you suggest some other systematic approach for 
assessing site conditions? 
How might you conduct your site assessment differently in the future? 
 
Creative Thinking Tools: Synthesizing, observing, transforming, modelling, abstracting, 
dimensional thinking, forming patterns 
 
Activity Length: 10-15 hours 
 
Acknowledgements: This activity is based on Traynor, Rieger, and Stanley’s (2014) Feasibility 
and Suitability Analysis. 
 
Resources 
Traynor, R., Rieger, J., & Stanley, J. (2014). Chapter 4: Site analysis. In Project planning and 

management for ecological restoration (pp. 49-72). Washington, DC: Island Press. 
 
Illustrations to Add: Recreate (or obtain permission to use) the wheel in Traynor, Rieger, and 
Stanley’s book (2014, p. 50).  



READING THE LANDSCAPE FOR ECOLOGICAL RESTORATION 171 
27. "Leitbild": Visualizing Site Potential 

Learning Objective: Practice visualizing an ecosystem’s future site potential. 
 
Introduction  
It is useful to visualize the site’s future ecological potential without getting hung-up on the 
project’s practical socio-economic constraints. Traynor, Rieger, and Stanley (2014) call this 
creative, uninhibited visualization, “Leitbild,” a German term for “model,” “vision,” or more 
precisely a mental image of the ideal state. They encourage practitioners to answer the question: 
“What would you do if you had all the time needed, all the money required, and no outside 
restrictions?” (p. 38). In other words, the practice of Leitbild is a "creative method of problem 
solving that focuses attention on what is possible and not on what is feasible" (p. 38). 
 
Starting the restoration project planning process with unfettered brainstorming can highlight the 
best-case scenarios for the project. Once you have an ideal vision in mind, you can temper your 
ideal restoration interventions with project constraints. 
 
Instructions 
This activity builds on your previous knowledge and skills for assessing site conditions. It is 
meant as a short activity to visualize site potential, not as an in-depth method for site assessment. 
 
Choose a project site to visit and observe the ecosystem’s condition. Unless you are already very 
familiar with the site, you may need to make several visits to notice sufficient detail. Also visit 
reference sites for inspiration about the composition, structure, and functions of comparable 
systems that display ecological integrity.  
 
At the site, take a moment to sit quietly and imagine what a functioning ecosystem could look 
like at this location. What are the causes of degradation? What is preventing natural recovery? 
What are the best-case scenarios for this site’s future potential? What interventions could be 
made to move the ecosystem towards this ideal state? 
 
Come up with a vision for the site and briefly consider what would need to happen to achieve the 
ideal you imagined. Describe what the site could look like in the future, or if you are a visual 
person you might want to draw this site potential. 
 
If you completed this activity at the same location as your peers, compare your Leitbild vision 
with theirs to see the similarities or differences.  
 
A short version of this activity can be completed anytime by simply visualizing what could be 
altered at a given site to restore ecological functioning. 
 
Discussion Questions 
Was it easy or difficult to visualize an ecosystem’s future potential?  
Did you find this activity helpful? Why or why not? 
How did people’s visualizations differ from person-to-person? 
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Creative Thinking Tools: Observing, imaging, synthesizing, body thinking, transforming, 
forming patterns, dimensional thinking, playing 
 
Activity Length: 2-6 hours 
 
Acknowledgements: This activity is based on Traynor, Rieger, and Stanley’s (2014) concept of 
Leitbild.  
 
Resources 
Traynor, R., Rieger, J., & Stanley, J. (2014). Chapter 3: Defining your project and Leitbild. In 

Project planning and management for ecological restoration (pp. 33-46). Washington, DC: 
Island Press. 

 
Illustrations to Add: Black and white line drawing of a degraded ecosystem and a second 
version of its future potential after restoration work. 
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28. Project Goals and Objectives 

Learning Objective: Develop project goals and objectives based on your site assessment. 
 
Introduction  
Once you have gathered sufficient information about a site’s condition, it is time to formulate 
project goals and objectives. The Society for Ecological Restoration explains that, “goals are the 
ideal states and conditions that an ecological restoration effort attempts to achieve” (2005, 
Section 3-5). Clewell and Aronson (2013) provide a list of common goals for restoration projects 
in “Ecological Attributes of Restored Ecosystems” (p. 91).  
 
While goals are aspirational, objectives articulate the concrete actions needed to achieve these. 
Carefully crafted goals and objectives ensure everyone involved in the project understands the 
overall intentions and plans.  
 
Traynor, Rieger, and Stanley (2014, p. 36) explain that goals and objectives for ecological 
restoration projects serve to:  

1) Define “What project success should be,” 
2) Define “What the project is all about and what the project is not about,” 
3) Form “The framework for the restoration project planning and design,”  
4) “Define the strategy for project implementation,”  
5) “Promote efficient use of resources by focusing the project development team on 
activities that will achieve the desired results,” and, 
6) Form “The basis for post project evaluation.”  
 

Instructions 
Once you understand the type, severity, and cause of degradation at your project site, and you 
have a picture of the overall site conditions and project context, it is time to formulate projects 
goals and objectives.  
 
Based on your knowledge of the ecosystem and project context, develop a set of realistic project 
goals and objectives. Each goal may be associated with a single or multiple objectives. Follow 
the S.M.A.R.T. principles to craft objectives that are Specific, Measurable, Achievable, Relevant 
and Time-Bound (see resources below for details). 
 
Share the goals and objectives you developed with your peers and have them provide feedback. 
 
Discussion Questions 
Was it easy or challenging to craft goals and objectives? Why or why not? 
How do your objectives measure up to the SMART criteria? 
How confident are you that the goals and objectives you outlined will lead to successful 
outcomes? Explain. 
How might you integrate this goal setting practice into your restoration work? 
 
Creative Thinking Tools: Synthesizing, recognizing patterns, forming patterns, dimensional 
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thinking, transforming, abstracting 
 
Activity Length: 2-4 hours 
 
Resources 
Clewell, A., & Aronson, J. (2013). Chapter 5: Ecological attributes of restored ecosystems. In 

Ecological restoration: Principles, values, and structure of an emerging profession (pp. 
89-112). Washington, DC: Island Press. 

 
SMART Criteria. (n.d.) In Wikipedia. Retrieved January 16, 2016, from 

https://en.wikipedia.org/wiki/SMART_criteria 
 
Society for Ecological Restoration. (2005). Guidelines for developing and managing restoration 

projects (2nd ed.). Retrieved from http://www.ser.org/resources/resources-detail-
view/guidelines-for-developing-and-managing-ecological-restoration-projects  

 
Traynor, R., Rieger, J., & Stanley, J. (2014). Chapter 4: Site analysis. In Project planning and 

management for ecological restoration (pp. 49-72). Washington, DC: Island Press. 
 
Illustrations to Add: Table of SMART criteria or other conceptual drawing that shows how 
goals and objectives fit into ER projects. 
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29. Guided by Curiosity 

Learning Objective: Identify questions that arise during site assessment to help you 
understand the ecosystem’s condition. 
 
Introduction  
Asking good questions about an ecosystem’s condition is a useful practice that can help 
practitioners identify why a system is degraded. Being curious and investigating questions that 
arise, will over time, lead to deeper ecological knowledge. Given nature’s complexity, the 
questions to ask are infinite, and through persistence, you may stumble across some amazing 
breakthroughs. 
 
Instructions 
When you visit an ecosystem what piques your curiosity? Head to a place that is familiar or new 
and look around until questions arise that you would like to answer. Consider any questions that 
will advance your ecological or cultural knowledge about the site. Perhaps you would like to 
know about particular species, processes, functions or aspect of cultural history? Some questions 
will have direct implications for your restoration plans, while others are more likely to advance 
your general ecological knowledge. 
 
Take a notebook or recording device to document the questions you would like answered. You 
may want to use photographs to capture visual details. Write down all the questions that occur to 
you in the field.  
 
Devise a strategy to categorize all the questions that arose. You may want to group similar types 
of questions together or perhaps group them based on those that are simplest to answer and those 
that will be difficult. If you can, answer the straightforward questions, such as common species 
identifications. Some questions may be too difficult to answer.  
 
Assemble all the questions and also include any answers you discovered. For unanswered 
questions, briefly note what strategies you could draw on for further investigation. Also, consider 
which questions need to be answered to help devise a restoration plan. 
 
Discussion Questions 
What aspects of the ecosystem were you least familiar with? 
What types of questions are particularly relevant for site assessment? 
How can you integrate this practice of asking questions into your restoration work? 
What did you learn from this exercise? 
 
Creative Thinking Tools: Observing, recognizing patterns, forming patterns, analogizing, 
abstracting 
 
Activity Length: 1-3 hours 
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Resources  
Apfelbaum, S., & Haney, A. (2012). Questions to help become familiar with land assessment. In 

The restoring ecological health to your land workbook (p. 6). Washington, DC: Island 
Press. 

 
Illustrations to Add: Restoration practitioner on hands and knees in the forest examining 
something up close, question marks floating in the air. 
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