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Thesis Abstract
Understanding the state of environment is foundational to environmental management.
There is a clear need for enhanced ecosystem status assessments. At the same time, there are
scholarly trends toward incorporating the social sciences in environmental management.
Evidently, there is a need for more ecological as well as social knowledge of the state of our
ecosystems. This thesis examines how the state of the environment is understood through an
ecological and social perspective. Emphasis is placed on ecological measures as well as
perceptions, with specific attention to intergroup differences and the influences of an interpretive
program. Two studies were conducted at the Niagara Glen Nature Reserve, a protected area in
the Niagara Region of Canada. The first study consisted of an ecological assessment and a
survey administered to experts and visitors. The ecological assessment of the state of the
environment was compared to expert perception-based assessments. Perceptions were also
compared between experts and visitors. The second study involved administering the survey to
individuals receiving two different educational interventions, thereby exploring the influence of
an environmental interpretive program on how people perceive the environment. Overall results
from the two studies show that expert perception-based methods of environmental status can be a
proxy for ecological data in cases where perceptions align with ecological measures, and can be
used to complement ecological data in cases where perceptions are at odds with ecological
measures. Visitors’ overall perceptions differed significantly from ecological measures,
regardless of an interpretive program, and in fact, an interpretive program increased the
difference. Visitors and experts were also found to differ significantly in their perceptions, a
meaningful finding for resolving intergroup conflicts and for building a common understanding.
Findings from the research can improve status assessments, address intergroup conflicts, develop
a better sense of the people that interact with a natural site, inform areas for education efforts,
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and enhance the effectiveness of education programs. This thesis highlights the value in
comparing perceptions to ecological measures and emphasizes the importance of evidence from
natural and social sciences to managing social-ecological systems.

Key words: ecological integrity; perceptions; assessment; parks and protected areas;
environmental interpretation
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Anthropocene

“The most recent geological time period, in which humans’ activities have had a
dominant impact on Earth systems” (Polasky, Carpenter, Folke, & Keeler, 2011,
p. 398).

Ecological Indicators “Measurable characteristics of the structure (e.g. genetic, population, habitat, and
landscape pattern), composition (e.g. genes, species, populations, communities,
and landscape types), or function (e.g. genetic, demographic and (or) life history,
ecosystem, and landscape disturbance processes) of ecological systems” (Niemi
& Mcdonald, 2004, p. 91).
Ecological Integrity

A system has ecological integrity when elements such as composition, structure,
function, and ecological processes occur within their acceptable ranges of
variation and are resilient (Wurtzebach & Schultz, 2016).

Environmental
Interpretation

“An educational activity which aims to reveal meanings and relationships
through the use of original objects by first hand experience, and by illustrative
media, rather than simply to communicate factual information” (Tilden, 1957, p.
8).

X

Expert

An individual who has familiarity with the site or would be expected to have
experience-based expertise about the site, through frequent exposure, training,
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Passive Visitors
(Visitors)

Individuals visiting the site who were not subject to any form of the guided
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passive educational materials (e.g. brochure).
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“The subjective process of acquiring, interpreting, and organizing sensory
information” (Lavrakas, 2008, p. 579).
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2018, p.2)

Social-ecological
systems

“Integrated complex adaptive systems in which social and ecological subsystems
are couples and interdependent, each a function of the other, expressed in a series
of mutual feedback relationships” (Berkes, 2017, p.3).

Status Assessment

A form of M&E that aims to obtain information on the current status of an
ecosystem, species, or other important target, rather than evaluate a management
action or outcome (Stem, Margoluis, Salafsky, & Brown, 2005).

Stressors

Natural or anthropogenic “factors that constrain the development and
productivity of organisms or ecosystems” (LaPaix, Freedman, & Patriquin, 2009,
p. 250).

Treatment 1

An active interpretation intervention (i.e. guided tour) in which the content and
delivery were not modified for experimental purposes.

Treatment 2

An active interpretation intervention (i.e. guided tour) that was modified in its
content and delivery for the purposes of investigating the effect of a specific
design. Content was focused on ecological integrity and delivery emphasized
directing participants’ attention to specific stimuli.
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Chapter One: Introduction
1.0 Understanding the State of the Environment
Earth’s ecosystems are becoming evermore threatened by ecological and anthropogenic
forces in the era of the Anthropocene (Millennium Ecosystem Assessment (MEA), 2005;
Polasky et al., 2011). Endeavouring to address these threatened ecosystems, first and foremost
requires knowledge about their state; the ecological as well as social knowledge of the system
(Andreasen, O ’neill, Noss, & Slosser, 2001; Mascia et al., 2014). This knowledge is
foundational to management and decision-making.
Incomplete information and understandings of social-ecological systems is a critical global
challenge (Forster et al., 2017). As a result, two important trends have emerged in conservation.
First, there have been calls for improved monitoring and evaluation (M&E) (Gordon, Parrish,
Salzer, Tear, & Pace-Aldana, 2005; Salzer & Salafsky, 2006; Stem et al., 2005; Theobald, 2013).
It is noted that M&E tends to favour conventional, ecological information and methods (Bennett,
2016; Forster et al., 2017). Also, complex systems thinking recognizes that there is a need for
multiple perspectives and the integration of different approaches in environmental management
(Berkes, Colding, & Folke, 2003). Therefore, a second and emerging trend in conservation is the
inclusion of social sciences; a recognized necessity for managing complex social-ecological
systems (Bennett et al., 2016, 2017; Berkes et al., 2003; Clayton et al., 2016; Gelcich & O
’Keeffe, 2016). While the need for more and better information on the state of our ecosystems is
unambiguous, how we understand the state of our ecosystems is evidently much more nuanced
and complex. There are several important questions pertaining to how we come to understand the
state of the environment, providing opportunities for research.
The following sections introduce these two important trends, providing a brief overview and
situating the research within the broader scholarship and practice. The subsequent section
unpacks some of the questions for research and associated complexities surrounding status
assessments and how people perceive the state of the environment.
1.0.1 Assessments of the state of the environment.
One form of environmental M&E are state of the environment assessments, referred to
here as status assessments (Stem et al., 2005). Status assessments obtain information on the
current status of an ecosystem, species, or other important targets (Andreasen et al., 2001), rather
than evaluating a management action or outcome (Mascia et al., 2014). In Salzer and Salafsky’s
(2006) illustrative medical analogy for M&E in conservation, they compare status assessments to
a routine patient check-up. Health indicators that are outside the normal range may be early
warning signs, and these should guide the actions of the doctor. Similarly, status assessments
should identify early warning signs and provide an overall assessment of health (Salzer &
Salafsky, 2006). This initial understanding of ecosystems status is essential for iterative planning
and management processes (Burger, 2008; Dearden & Rollins, 2002; Mascia et al., 2014; Stem et
al., 2005; Wurtzebach & Schultz, 2016). More specifically, status assessments can identify areas
1

to focus conservation efforts and inform prioritization of activities (Andreasen et al., 2001;
Gordon et al., 2005; Mascia et al., 2014; Parrish, Braun, & Unnasch, 2003; Stem et al., 2005),
and are important for decisions regarding, for example, resource allocation, advocacy, and
monitoring (Bennett, 2016; Pullin & Knight, 2003; Stem et al., 2005; Sutherland, Pullin,
Dolman, & Knight, 2004). Finally, status assessments are essential to provide baseline data for
subsequent M&E (Gordon et al., 2005; Salzer & Salafsky, 2006; Stem et al., 2005).
In many cases, environmental status assessments have not only been regarded as a
necessity, but a priority. Ecological integrity has gained momentum as a framework for
environmental assessments, particularly in North America (LaPaix et al., 2009; Theobald, 2013).
For example, The Nature Conservancy began to implement the measurement of ecological
integrity as a way to better understand ecosystems, threats, and ultimately, the effectiveness of
conservation actions (Gordon et al., 2005). Other examples include Parks Canada (Canada
National Parks Act, 2000; Theobald, 2013), The Clean Water Act in the USA (Barbour et al.,
2000), and the US National Parks Service (Unnasch, Braun, Comer, & Eckert, 2009).
The term ecological integrity has been used to refer to environmental quality or the state
of the environment, and is often summed up as the “intactness” of an ecosystem and its processes
(Andreasen et al., 2001; Roche & Campagne, 2017). However, the concept of ecological
integrity tends to be more complex than simply the “intactness” of an area (LaPaix et al., 2009).
A more complex definition can be found in The Canada National Parks Act (2000, c.32), which
defines ecological integrity as “a condition that is determined to be characteristic of its natural
region and likely to persist, including abiotic components and the composition and abundance of
native species and biological communities, rates of change and supporting processes”.
Wurtzebach and Schultz (2016) define that a system has ecological integrity when elements such
as composition, structure, function, and ecological processes occur within their natural ranges of
variation and are resilient (Wurtzebach & Schultz, 2016). Ecological integrity offers a possible
framework for assessing the state of the environment, as it acknowledges the complexity of an
ecosystem, incorporates variation across spatial and temporal scales, and acknowledges
resilience (Andreasen et al., 2001; Parrish et al., 2003; Wurtzebach & Schultz, 2016). Ecological
integrity assessments commonly consist of a multi-metric index on the structure, function, and
composition of an ecosystem (Brown & Williams, 2016; Parrish et al., 2003).
1.0.2 Perceptions of the state of the environment.
While ecological integrity assessments are evidently important, management of
ecosystems in the Anthropocene cannot rely solely on ecological information. Consistent with
the social-ecological systems at play, environmental management also requires a social lens, and
there are various insights and benefits to be gained through such a lens (Bennett et al., 2017;
Clayton et al., 2016; Clayton, Litchfield, & Geller, 2013). This is especially important in settings
where humans interact directly with natural areas.
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One such consideration is how the public or visitors to natural areas perceive the state of
the environment. Knowledge of public perceptions can offer insights to the social context of
conservation (Bennett, 2016; Burger, 2002; Curado, Manzano-Arrondo, Figueroa, & Castillo,
2014). Perceptions of the environment have often been suggested as an important factor for
developing public support for conservation (Bennett, 2016; Burger et al., 2017; Patel, Rapport,
Vanderlinden, & Eyles, 1999; Petursdottir, Aradottir, & Benediktsson, 2013; Yasué, Kaufman, &
Vincent, 2010). In addition, perceptions of environmental quality can indirectly influence
visitors’ engagement in recreation activities (Pendleton, Martinà, & Webster, 2001). For
example, if a protected area is perceived to be in a state of poor environmental quality,
individuals might not be as likely to visit the area. Similarly, visitors’ enjoyment and experience
in nature depends on their perception of the environment (Butler & Hvenegaard, 2002), and these
perceptions are important for strengthening positive connections to the environment (Jefferson,
Bailey, Laffoley, Richards, & Attrill, 2013). Lastly, while monitoring of perceptions is important
for the social benefits of conservation (Curado et al., 2014), it is also important for ecological
benefits, due to the fact that how people interact with the environment is either directly or
indirectly related to how people perceive the environment (Albert, Love, & Brewer, 2013;
Alessa, Bennett, & Kliskey, 2003; Bertolas, 1998; Gelcich & O ’Keeffe, 2016; Petrosillo,
Zurlini, Corlia O B, Zaccarelli, & Dadamo, 2007). Given that human actions can have significant
impacts on ecosystems (Steg & Vlek, 2008), it seems necessary to first understand how
individuals perceive the environment, especially for identifying areas of need for education
(Burger, 2003; Pendleton et al., 2001).
However, it should be noted that the term ‘perceptions’ and its uses in conservation is
somewhat ambiguous, and consequently, ‘perception’ has often been conflated with other
constructs (Gifford & Sussman, 2012). For example, it has been used to refer to evaluations of
something (Bennett, 2016); is used synonymously with “views” (Eagles et al., 2013); may refer
to opinions or experiences (Boshoff, Landman, Kerley, & Bradfield, 2007; Forster et al., 2017;
Petrosillo et al., 2007); may refer to knowledge base (e.g. Ballantyne et al., 1998; Brody, 2005;
Diduck, Sinclair, Hostetler, & Fitzpatrick, 2012); and finally, it may also refer to values or
beliefs (Patel et al., 1999; Petursdottir et al., 2013; Pregernig, 2002). These concepts should not
be grouped together under an umbrella term of perceptions, as they each offer unique
information.
Bennett (2016, p. 585) suggests the following definition: “perceptions refers to the way
an individual observes, understands, interprets, and evaluates a referent object, action,
experience, individual, policy, or outcome”. This definition, while incorporating some aspects of
the cognitive process of perceiving, is quite broad and encompasses a range of topics in
conservation. The term “perception” should be critically examined, its definition refined, and its
meanings and applications in conservation clarified. The study of perception is traditionally a
field of psychology. Accordingly, ‘perception’ refers to, “the subjective process of acquiring,
interpreting, and organizing sensory information” (Lavrakas, 2008, p. 579). The cognitive
3

process of perceiving the environment is complex (Troscianko & Smith, 2010). Essentially, an
individual interprets stimuli to make sense of the world around them, with the final product of a
‘percept’ defined by Bruno and Pavani, (2018, p.1) as “the conscious experiences of objects and
events in the environment”. For the purposes of this research, the term and construct of
perceptions are understood and used in line with these latter definitions, adhering to the
psychological paradigm; i.e. the conscious experience of the environment, and the subjective
process of acquiring, interpreting, and organizing sensory information (Lavrakas, 2008, p.579;
Bruno & Pavani, 2008, p.1).
Therefore, through this definition of perceptions, it is clear that perceptions differ from
other constructs such as values, beliefs, or attitudes (Gifford & Sussman, 2012). However, the
conscious experience of objects and interpretation of stimuli can trigger thoughts associated with
the object being sensed (Bertolas, 1998). Cognitive psychology can also enlighten the
connections between the perceptual experience and knowledge schemas (Bertolas, 1998; Brössel,
2017; Orams, 1996b). How individuals perceive their environment can be related with the other
constructs that are so often used synonymously with perceptions by the conservation community
and perceptions should provide the foundation to understanding a variety of other variables that
are currently grouped together in the ‘perceptions’ umbrella.
1.1 Questions and Areas for Research
It is clear that there are important justifications for collecting information on the status of
ecosystems as well as how people perceive the state of the environment. However, there are
several unanswered questions pertaining to the ecological and the social aspects of how we come
to understand the state of the environment. Four overarching questions specifically pertaining to
environmental status assessments and how people perceive the state of the environment are
unpacked.
Question 1: How can we best assess ecological integrity?
Conventionally, environmental status has been monitored and assessed through natural
science, ecologically-based methods (Adams & Sandbrook, 2013; Bennett, 2016; Forster et al.,
2017). It is argued that these ecological assessments are necessary to: eliminate bias in decision
making (Koontz & Thomas, 2006; Mandarano, 2008; Sutherland et al., 2004); provide
accountability (Ferraro & Pattanayak, 2006; Margoluis, Stem, Salafsky, & Brown, 2009; Stem et
al., 2005; Sutherland et al., 2004); and correct any incorrect understandings of ecological
systems (Pullin & Knight, 2003; Rogers & Biggs, 1999; Sutherland et al., 2004). Natural science
methods tend to be praised for their reliability and accuracy, and therefore are considered by
some to be superior (Adams & Sandbrook, 2013; Cook et al., 2010; Forster et al., 2017). The
literature tends to favour these monitoring approaches (Adams & Sandbrook, 2013; Bennett,
2016; Forster et al., 2017), and as a result, there is a vast collection of empirical and conceptual
research on assessing the state of the environment, covering a variety of ecological indicators
and methods (Andreasen et al., 2001; Burger, 2008; Stem et al., 2005). However, there are
4

significant barriers to these conventional methods; they are generally very expensive, time
consuming, and require extensive resources (Bennett, 2016; Keith, Martin, Mcdonald-Madden,
& Walters, 2011; Lund et al., 2010; Stem et al., 2005; Yasué et al., 2010). Alternatives exist,
including the use of stakeholder perceptions, but there are scholarly tensions surrounding the use
of these approaches.
Stakeholder perceptions, also referred to as perception-based methods (Lund et al., 2010),
can offer a valuable method of environmental assessment, especially in cases where
conventional, ecological assessments may be unfeasible or difficult (Bennett, 2016; Forster et al.,
2017; Gelcich & O ’Keeffe, 2016; Lund et al., 2010; Yasué et al., 2010). Perception-based
methods have been defined as, “eliciting peoples’ assessment of the status and/or development of
[forest] condition…” (Lund et al., 2010, p. 6). It is noted that this definition is referring to local
ecological knowledge (LEK), whereas this research recognizes perception-based methods in line
with the definition of perceptions (i.e. eliciting an assessment based on the interpretation of
stimuli). Perception-based methods can overcome the barriers to conventional monitoring, such
as the expensive and time-consuming qualities of conventional approaches (Bennett, 2016; Cook
et al., 2010; Danielsen, Burgess, & Balmford, 2005; Keith et al., 2011; Lund et al., 2010; Yasué
et al., 2010) Perception-based methods can also provide a more comprehensive assessment, and
can fill some of the gaps of traditional monitoring (Gouveia, Fonseca, Câmara, & Ferreira, 2004;
Huntington, 2000; Mackinson, 2001). However, there have been criticisms that stakeholder
perception-based methods lack objectivity, reliability, and validity (Ferraro & Pattanayak, 2006;
Lund et al., 2010; Mackinson, 2001; Oba & Kaitira, 2006; Pullin & Salafsky, 2010; Sutherland et
al., 2004), and that perceptions could be susceptible to contextual factors such as previous
experience, values, political contexts, and external or internal pressures or pursuits (Bennett,
2016; Huijts, Molin, & Steg, 2011; Zedler, 2007).
Evidently, there is an existing tension between the conventional, ecological approaches
and the use of stakeholder perception-based assessments in conservation. However, few studies
have attempted to reconcile stakeholder perceptions with these more conventional approaches
(although see Christie, 2005; Cook et al., 2010; Wood & Lavery, 2000; Yasué et al., 2010 for
similar examples). The empirical evidence that does exist is limited and is somewhat unclear in
findings. Comparing these approaches and investigating the congruence of perceptions to
ecological measurements responds to a need to investigate different forms of assessments
(Bennett, 2016) in order to improve management response time for addressing time sensitive
environmental challenges (Danielsen et al., 2000).
Question 2: How do visitor perceptions compare to ecological measures?
Despite the importance of knowing how people perceive the environment, as described in
section 1.0.2, there has been a lack of research that investigates how the public or visitors to
natural areas perceive the state of the environment (although see Patel et al., 1999 for an
example). Examining how these perceptions compare to ecological data may be even more
5

valuable. For example, visitor or public perceptions that align with measured ecological integrity
can increase support for management (Patel et al., 1999; Shultis & Way, 2006). Furthermore,
communication of conservation efforts commonly rely on ecological data, however, this
communication risks being irrelevant if it does not align with how communities perceive the
environment (Yasué et al., 2010). Lastly, visitor/public perceptions should be considered in
relation to measured ecological integrity for the purposes of developing education and
communication efforts, particularly to identify areas to focus these efforts (Hill & Daniel, 2008;
Ormsby & Forys, 2010; Patel et al., 1999; Petrosillo et al., 2007).
Previously, there has been a limited collection of studies that have compared public or
visitor perceptions to ecologically collected data (Patel et al., 1999; Pendleton et al., 2001).
However, as discussed above, these studies tend to conflate perceptions with other concepts. As
well, other studies have compared ecological data to perceptions, but of community members
with LEK rather than perceptions of ‘everyday’ visitors (Albert et al., 2013; Mackinson, 2001).
Question 3: What are the intergroup differences of perceptions?
There is an important distinction that needs to be made when discussing perceptions of
the state of the environment. That is, the distinction between ‘expert’ perceptions and ‘nonexpert’ perceptions. The existing literature that compares different groups often uses the term
‘expert’. This research operationalizes the term ‘expert’ as individuals who have high familiarity
with a site or would be expected to have experienced-based expertise about the site, through
frequent exposure, training, or stewardship activities (Adams & Sandbrook, 2013). Experts can
refer to scientists, managers, and ‘experienced members of the public’ (Adams & Sandbrook,
2013, p. 331). While expert perceptions are important for reasons such as the use of stakeholder
perception-based assessments of the environment/outcomes (Bennett, 2016; Koontz & Thomas,
2006), an understanding of public, or non-expert perceptions of the state of the environment is
critical for a variety of reasons, as described above in section 1.0.2. Knowledge of how these two
groups differ in their perceptions of the state of the environment would undoubtedly be
extremely insightful (Burger, 2003; Cook et al., 2010).
Bennett, (2016, p.585) acknowledges that “the accuracy of individual assessments of
resource abundance or ecosystem health may vary widely within a community”. This variation
within a community could be problematic if there are conflicting understandings and/or priorities
between groups (Albert et al., 2013; Eagles et al., 2013; Hill & Daniel, 2008). Therefore, it is
important to compare how different groups perceive ecological integrity to identify similarities
and differences amongst groups, for the purposes of resolving conflicts and improving consensus
(Albert et al., 2013; Burger, 2002; Clayton et al., 2016; Eagles et al., 2013).
Empirically, group comparisons have been made in a variety of contexts. For example,
Lester et al., (2017), examined how different stakeholder groups varied in assessments of ocean
health. They found that the groups often had similar goals, however attitudes varied in terms of
management support. Forster et al., (2017), also compared perceptions of ecosystem (coral reef)
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health across various sectors and between stakeholders in the Caribbean and found both
commonalities and differences in perceptions amongst groups. Le Lay, Piégay, and RivièreHonegger (2013) assessed how different groups perceived a river landscape, referring to
aesthetic preference and ecosystem services and also found that groups differed in their aesthetic
preferences. The authors suggest education efforts to reconcile any differences between expert
and non-expert groups.
There are clear benefits to gaining a quantitative understanding of differences in
perceptions among groups. Previous research has addressed intergroup differences in values and
aesthetic preferences (Burger, 2002; Forster et al., 2017; Lester et al., 2017; Patel et al., 1999),
whereas there has been limited research on intergroup differences of perceptions. As well, the
perceptions have rarely been quantitatively compared to ecological measures.
Question 4: Can visitor perceptions be shaped?
Finally, it is apparent that the ability for environmental managers to shape or influence
how people perceive the state of the environment would be beneficial. For example, there are
certain benefits to having the public perceive and ultimately conceptualize the environment in
ways that align with management (Patel et al., 1999; Shultis & Way, 2006), including increasing
support for conservation, and ultimately influencing how people interact with their environment.
In addition, influencing how people perceive an environment can minimize differences between
groups, and could be important for other outcomes such as visitor experience or opinions about
management actions.
Environmental interpretation is often recommended as an approach to achieving these
benefits as well as a wide range of other conservation benefits (Alessa et al., 2003; Le Lay et al.,
2013; Ormsby & Forys, 2010; Shultis & Way, 2006; Steg & Vlek, 2008). Environmental
interpretation is also suggested as an important management tool for addressing visitor impacts
in sustainable tourism settings (Kim, Airey, & Szivas, 2011; Manning, 2003; Munro, MorrisonSaunders, & Hughes, 2008; Orams, 1996a; Papageorgiou, 2001; Ren & Folta, 2016; Roberts,
Mearns, & Edwards, 2014a; Tubb, 2003).
Environmental interpretation is very commonly defined using the definition from
Tilden’s (1957) foundational work: “an educational activity which aims to reveal meanings and
relationships through the use of original objects, by first hand experience, and by illustrative
media, rather than simply to communicate factual information” (Tilden, 1957, p. 8). Despite this
recognition as an educational activity, environmental interpretation has previously been
distinguished from environmental education. For example, education often refers to the formal
societal systems, whereas interpretation does not require any formal demonstration of knowledge
or skill (Mullins, 1984). However, there are certainly strong overlaps and connections between
environmental education and interpretation, as interpretation is a form of informal education
(Ballantyne, 1998). This thesis recognizes environmental interpretation within the broad category
of informal education, but distinguishes the two terms, recognizing the unique circumstances,
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methods, and settings that differentiates interpretation from the broader term of education.
Furthermore, interpretation is often characterized by its emphasis on the affective, personal, and
emotional components of places or things (Uzzell & Ballantyne, 1998; Hvenegaard et al., 2017).
Interpretation, referred to here as interpretive programs, also provide people with
enjoyment (Moscardo, Woods, & Saltzer, 2004). There has certainly been a great deal of
research on the effect of environmental interpretive programs on knowledge and/or attitudes.
However, there is a significant lack of research that investigates if environmental interpretive
programs can influence how people perceive the state of the environment. As well, there have
also been unclear findings regarding the general effectiveness of interpretive programs
(Moscardo, 2014), and reservations about its description as a management tool (Munro et al.,
2008). Addressing this fundamental question of whether interpretive programs can actually
influence how visitors perceive the integrity of the environment in natural areas would be a novel
investigation with various important implications.
1.2 Purpose and Objectives
This research responds to the four aforementioned questions and tensions in present
scholarship regarding how we come to understand the state of the environment. Accordingly, the
purpose of this research is to examine ecological and social perspectives of the state of the
environment and thereby advance the completeness and understanding of social-ecological
systems – a critical global challenge (Bennett, 2016; Berkes et al., 2003; Forster et al., 2017).
Two objectives are associated with the purpose:
Objective 1: To compare and relate ecological assessments of ecological integrity with
perceptions of ecological integrity, as well as identify distinctions among groups.
Objective One addresses the tension of how to best approach assessments of ecological
integrity by comparing a more conventional, ecological assessment with perception-based
assessments. Objective One also addresses how the state of the environment is perceived by
different groups and in relation to ecological measures. ‘Groups’ here refers to a group of experts
(see definition above in section 1.1), as well as visitors to a natural area.
Objective 2: To examine the influence of an environmental interpretation program on how
visitors perceive ecological integrity, specifically in relation to measured ecological integrity.
Objective Two will compare the perceptions of ecological integrity between three groups
of visitors: a group with passive observation and two groups that receive one of two versions of
an educational intervention (i.e. interpretive tour). The perceptions will be referenced against an
ecological integrity rating derived from ecological measures. This provides a reference for
inferring the direction of a potential effect.
Based on the purpose and objectives, parks and protected areas (PAs) provide an ideal
context for exploring some of the questions associated with how we understand the state of the
environment. Protected Areas are defined by the IUCN as “a clearly defined geographical space,
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recognised, dedicated and managed, through legal or other effective means, to achieve the longterm conservation of nature with associated ecosystem services and cultural values” (Leung et
al., 2018, p. 2). The IUCN further categorizes PAs into sub-categories, from ‘strict nature
reserve’ to ‘protected areas with sustainable use of natural resources’. Protected areas vary in the
type of governance, ranging from governance by government to private governance (Leung et
al., 2018). In line with the goal of managing areas to achieve long-term conservation, PAs across
North America have begun to adopt concepts such as ecological integrity to guide their planning,
management and status assessments, particularly in Canada (Canada National Parks Act, 2000;
Provincial Parks and Conservation Reserves Act, S.O., 2006; Woodley, 2002; Wurtzebach &
Schultz, 2016). As PAs are often important points of intersection between people and nature,
PAs also offer opportunities to explore how people perceive the integrity of the environment.
Therefore, the research site of this thesis was a protected area in the Niagara Region;
specifically, the Niagara Glen Nature Reserve (NGNR). The Niagara Parks Commission (NPC),
an agency of the Ontario Ministry of Tourism, Culture & Sport, manages the site. The NPC is
guided by a mandate to preserve and promote the natural and cultural heritage, an Environmental
Mission Statement, which includes the goal to “…improve environmental quality” (NPC, 2018,
p.15) for the area along the Niagara River corridor, including the NGNR.
A considerable portion of the empirical evidence that exists in relation to the key
questions identified in Section 1.1 has been undertaken mainly in marine and coastal settings.
Much less has been done in the context of terrestrial protected areas (Lund et al., 2010). Forests
are important terrestrial ecosystems that have historically been heavily impacted by humans,
particularly in Southern Ontario (Bavrlic & Bowers, 2005; Ministry of Natural Resources, 2000).
Furthermore, the Carolinian Forest Zone, or Deciduous Forests Region, is an ecologically
significant region with limited remaining areas in Southwestern Ontario (Mclachlan & Bazely,
2003; Ministry of Natural Resources, 2000). These significant and threatened ecosystems
situated in one of the most populated regions in Canada creates a situation fitting to the purpose
and objectives of this research. The research site of this thesis is specifically a recreational forest
PA in the Carolinian Forest Zone in Ontario. It is important to distinguish this specific
ecosystem, as perceptions will vary across landscapes. Henceforth, ‘perceptions of the
environment’ will refer to perceptions in the context of this recreational forest PA.
1.3 Organization of Thesis
This introduction chapter summarized the importance of environmental status
assessments as well as the justifications for monitoring how people perceive the environment. It
also introduced four key questions and surfaced important tensions as well as voids in existing
scholarship. Finally, it set the stage to investigate some of these questions in the context of PAs.
The remaining sections of the thesis will be organized into chapters based on the
objectives described in section 1.2. Figure 1.1 provides a visual representation of the overall
research design as well as the thesis structure. This research consisted of two studies,
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corresponding to the respective objectives. Objective One (referred to as Study One) will be
described in Chapter Two. Study One explored how perceptions of the state of the environment
relate to ecological measures, between and among groups. More specifically, Study One
consisted of a survey that was administered to experts and visitors to a PA in the Niagara Region.
The survey data were compared to a suite of measured ecological indicators collected at the same
PA. Objective Two (or Study Two), constitutes Chapter Three. To fulfill the second objective,
the influence of an interpretive program on how people perceive the state of the environment was
examined through administration of a survey to two additional groups subjected to two different
interpretive programs.

Figure 1.1 Multi-study design and organization of the thesis.
In Chapter Four of the thesis, a synthesis of the studies is presented and discussed in
relation to scholarship and practice. Chapter Four connects the studies to the broad research
questions identified earlier in section 1.1 and draws conclusions on assessments of the state of
the environment, perceptions, and the various implications. This chapter also includes important
discussions about how these findings and conclusions can be connected to practice, and will
identify important areas for future research.
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Chapter Two
Study One: Understanding perceptions of the state of the environment in relation to
ecological measures: Implications for environmental management

2.0 Introduction
Two important trends have emerged at the forefront of conservation research: calls for
increased information on the state of ecosystems as part of a larger trend towards evidence-based
conservation (Bennett, 2016; Pullin & Knight, 2003; Stem et al., 2005; Sutherland et al., 2004),
and the incorporation of the social sciences in conservation to address the human aspects of
social-ecological systems (Bennett et al., 2016, 2017; Clayton et al., 2013; Gelcich & O ’Keeffe,
2016). In line with both of these trends are important areas for research pertaining to the state of
the environment. There is a need for more and better information on the state of our ecosystems,
and to enhance efficiencies in how the state of the environment is assessed. At the same time, it
is recognized that management of ecosystems also requires the management of humans. The
social sciences, particularly perceptions of the environment, can inform the management of
humans in natural areas.
An understanding of the ecological and social aspects of a system is fundamental to
effective environmental management and governance (Andreasen et al., 2001; Forster et al.,
2017; Mascia et al., 2014). Improving monitoring and evaluation (M&E) is a priority for many
organizations (Gordon et al., 2005; LaPaix et al., 2009; Mascia et al., 2014; Salzer & Salafsky,
2006), and fundamental to it is the need for enhanced and more frequent ecological status
assessments, both locally and globally (Mascia et al., 2014; Salzer & Salafsky, 2006; Stem et al.,
2005). Environmental status assessments are essential for obtaining information on the current
state of ecosystems and species (Andreasen et al., 2001), and subsequently for informing
management priorities and resource allocation, iterative planning and management, and baseline
data (Burger, 2008; Dearden & Rollins, 2002; Mascia et al., 2014; Salzer & Salafsky, 2006;
Stem et al., 2005; Wurtzebach & Schultz, 2016). Albeit essential, there are differing approaches
to status assessments that come with particular benefits and challenges, as well as are the subject
of considerable scholarly tensions.
Conventionally, environmental status assessments have been conducted using
ecologically-based methods. According to some, these conventional methods eliminate bias, can
correct any inaccurate assumptions, and are considered to be more reliable and accurate (Adams
& Sandbrook, 2013; Ferraro & Pattanayak, 2006; Koontz & Thomas, 2006; Mandarano, 2008;
Pullin & Knight, 2003; Sutherland et al., 2004). However, these conventional assessments of the
state of the environment can be expensive, time consuming, and require resources to which
managers may not have access (Bennett, 2016; Keith et al., 2011; Lund et al., 2010; Stem et al.,
2005). Danielsen, Burgess, Jensen, and Pirhofer-Walzl, (2010), report that there is a lag between
conventional monitoring schemes and decision making, which is inappropriate, considering the
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time-pressing features of environmental problems. Furthermore, ecosystems in the Anthropocene
are either directly or indirectly impacted by humans to some extent, and conservation efforts risk
being ineffective by relying solely on ecological information and failing to acknowledge the
human components of the system (Adams & Sandbrook, 2013; Bennett, 2016; Bennett et al.,
2017; Forster et al., 2017; Polasky et al., 2011). There is increasing awareness that conventional
methods of environmental assessment alone may not be sufficient given the complexity of
social-ecological systems (Berkes, Colding, & Folke, 2003; Berkes, 2004; Curado et al., 2014;
Kleiman et al., 2000; Pregernig, 2002; Rogers & Biggs, 1999). It has been argued that
conservation should not limit itself to these approaches (Adams & Sandbrook, 2013; Bennett,
2016; Forster et al., 2017), and that an understanding of social-ecological systems requires
multiple perspectives (Berkes et al., 2003). Therefore, there have been calls to diversify what
counts as evidence (Adams & Sandbrook, 2013; Bennett et al., 2017).
Perception-based methods are an alternative form of assessment that can address the
barriers of conventional monitoring (Cook et al., 2010; Danielsen et al., 2010; Lund et al., 2010;
Yasué et al., 2010). Stakeholder participation in monitoring and data gathering can increase the
speed of decision making (Danielsen et al., 2010), overcoming time-consuming measures of the
environment and providing the immediate response often required by conservation efforts
(Bennett, 2016; Danielsen et al., 2005, 2010). Stakeholder participation in monitoring can also
reduce costs associated with monitoring (Keith et al., 2011). For that reason, perception-based
methods have been used in a range of contexts (Hill & Daniel, 2008; Le Lay et al., 2013;
Ormsby & Forys, 2010; Petrosillo et al., 2007; Plummer et al., 2017). However, critiques of
perception-based and other alternative methods suggest these methods lack objectivity,
reliability, and validity (Ferraro & Pattanayak, 2006; Lund et al., 2010; Mackinson, 2001; Oba &
Kaitira, 2006; Pullin & Salafsky, 2010; Sutherland et al., 2004), and are susceptible to contextual
factors (Bennett, 2016; Zedler, 2007).
Perceptions of the state of the environment can also provide additional insights to
management beyond ecosystem status assessments (Bennett, 2016; Huntington, 2000), and can
be particularly important to understanding the human components of natural areas (Bennett,
2016; Bennett et al., 2017; Gelcich & O ’Keeffe, 2016). Gauging how people perceive the state
of the environment can be important for several reasons. In terms of visitors to natural areas,
knowledge of perceptions has been reported to provide potential insights into individuals’
experiences (Ballantyne & Packer, 2007; Higham, Kearsley, & Kliskey, 2000; Patel, Rapport,
Vanderlinden, & Eyles, 1999; Petursdottir et al., 2013), as well as values, behaviours, and
support for conservation (Bennett et al., 2017; Burger, 2003; Gelcich & O ’Keeffe, 2016;
Jefferson et al., 2013; Le Lay et al., 2013; Lester et al., 2017; Petrosillo et al., 2007). It should be
noted the term ‘perception’ has been used synonymously with some of these other terms such as
attitudes, values, beliefs, etc. (Gifford & Sussman, 2012). However, the term ‘perception’ is
distinguished here from these other terms, and defined as “the subjective process of acquiring,
interpreting, and organizing sensory information” (Lavrakas, 2008, p.579). Acknowledging these
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concepts should not be grouped under the same term, how visitors perceive the environment is
reasonably related to these other concepts (Bertolas, 1998; Orams, 1996b). Knowledge of
perceptions can, by extension, inform management on public support for management (Bennett
et al., 2017; Gelcich & O ’Keeffe, 2016; Yasué et al., 2010), inform communication and
education efforts (Adams, Perrow, & Carpenter, 2005; Adams & Sandbrook, 2013; Burger,
2002, 2010; Eagles et al., 2013; Forster et al., 2017; Gelcich & O ’Keeffe, 2016), and inform on
how different groups are conceptualizing issues (Bennett et al., 2017; Burger, 2002).
In addition to these social benefits, there are also ecological benefits associated with
visitor or public perceptions of the environment. For example, given the impact that people can
have on natural environments through behaviours that are influenced by perceptions (Bertolas,
1998; Burger, 2003; Forster et al., 2017; Pendleton et al., 2001; Steg & Vlek, 2008), knowledge
of perceptions opens opportunities for management to mitigate visitor behaviours. While
scholars have often recognized the importance of monitoring visitor knowledge to manage visitor
behaviours, Alessa, Bennett, and Kliskey (2003), found that perceptions, specifically of
ecosystem resilience, are more influential on the likelihood to engage in depreciative behaviours
than knowledge.
Despite the benefits and challenges as well as scholarly tensions above, there has
generally been a lack of empirical investigation that addresses the question: to what extent are
stakeholder perceptions an acceptable proxy for ecological status assessments? There is some
limited empirical evidence that exists on the congruence of perception-based assessments and
conventional assessments in different contexts (e.g. Christie et al., 2005; Wood & Lavery, 2000;
Cook et al., 2010; Yasue et al., 2010; Mackinson, 2001). However, the empirical evidence that
does exist is inconclusive (Bennett, 2016; Wood & Lavery, 2000), and is largely focused on
marine protected areas, with very little being done in terrestrial settings (Lund et al., 2010).
The support of conservation initiatives has also been suggested to be related to the
congruence of perceptions with ecological data; in that community perceptions that are more
congruent with measures of ecological health may result in increased support of conservation
(Patel et al., 1999; Yasué et al., 2010). Comparing perceptions to ecological data can identify
inconsistencies between how the environment is perceived by visitors and what is measured by
management. This is especially important for informing the development of education efforts
(Burger, 2003; Hill & Daniel, 2008; Ormsby & Forys, 2010; Pendleton et al., 2001). Despite the
importance, it is relatively uncommon that visitor perceptions of the state of the environment are
quantified, and is even more rare for these perceptions to be compared to ecologically collected
data (although see Patel et al., 1999; Pendleton et al., 2001). While few studies have attempted to
compare perceptions with ecological measurements, fewer have compared these congruences
between and among groups, an investigation that would no doubt be extremely insightful
(Burger, 2003; Cook et al., 2010).
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Therefore, this study compares perceived environmental status to ecologically measured
status, between and among ‘experts’ and visitor groups in the Niagara Glen Nature Reserve.
2.1 Methods
2.1.1 Study site
Parks and protected areas (PAs) provide the context for the study. Ecological integrity
assessments, a form of status assessments, are often emphasized in PAs, and are commonly
mandated (Canada National Parks Act, 2000; Provincial Parks and Conservation Reserves Act,
S.O., 2006; Woodley, 2002). As well, the perceptions of interacting visitors likely influences the
ability to manage a natural environment for the preservation of ecological integrity (Alessa et al.,
2003; Shultis & Way, 2006). PAs would benefit from knowledge of how visitors perceive the
state of the environment, in order to develop education experiences in line with the preservation
of ecological integrity, a common objective or mandate of PAs (Parks Canada Agency, 2018,
Dearden 2002, Canada Parks Act 200, c32).
This study took place in a PA in the province of Ontario, Canada. The Niagara Glen
Nature Reserve (NGNR) (UTM zone 17N, 658068 mE, 4777297 mN), also referred to as the
Niagara Glen, was selected as the site for this study. The NGNR covers an area of approximately
0.219km2 or 2.19ha of the Niagara Escarpment, approximately 7km from Niagara Falls, Ontario.
The site is managed and maintained by the Niagara Parks Commission (NPC). The NGNR is an
important Carolinian forest, and is one of the most ecologically and geologically significant areas
on the Niagara Peninsula, due to the unique escarpment cliffs and important flora and fauna
(Varga & Kor, 1993). The proximity of the NGNR to Niagara Falls results in the site receiving
well over a hundred thousand visitors a season (C. Burant, personal communication, May 2018).
Various groups interact with the Niagara Glen including rock climbing groups, nature groups,
and visitors from across the world.
The NGNR is classified as deciduous forest with some open rock near the shoreline and
some small swamp areas (“Southern Ontario Land Resource Information System (SOLRIS) 2.0,”
2015). Deciduous forests were of interest to this study. The forest stands are predominantly
Sugar Maples. The surrounding area at the NGNR includes semi-open forests of mostly Maple
trees, as well as other rare community types including talus slopes and seepage slope meadows
(Varga & Kor, 1993).
2.1.2 Study design
In order to achieve the study objectives, this study included both an ecological assessment as
well as a survey administered to two distinct groups; experts and a visitor group.
Ecological Assessment
The ecological assessment was guided by the design of ecological integrity assessments.
Henceforth, ecological integrity will be used interchangeably with ‘state of the environment’.
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Ecological data was collected from ten sampling plots within the NGNR. The plot locations were
randomly selected following the procedures described by the Ecological Monitoring and
Assessment Network (EMAN) Terrestrial Vegetation Monitoring Protocols (Roberts-Pichette &
Gillespie, 1999) (See Appendix 2-1). Ten 20m by 20m stand-alone plots were used to collect
data on a range of indicators such as canopy tree diversity and tree health (Roberts-Pichette &
Gillespie, 1999).
Five nested 1m by 1m quadrats within each sampling plot were used to measure ground
vegetation biodiversity and ground cover (See Figure A.2.1 in Appendix 2-1) (Bazely et al.,
1996; Roberts-Pichette & Gillespie, 1999; Roy, O’reilly, Bowers, & Paudel, 2005). Soil
measurement locations were also determined using the recommended protocols (See Appendix
2-1).
Twelve ecological indicators were measured across each of the ten sites to collect data on
the composition, structure, and function of the system (Dale & Beyeler, 2001; Parrish et al.,
2003; Wurtzebach & Schultz, 2016). Field data was collected between July 1 st 2018 and
September 30th 2018 and the ten sampling sites were sampled across this time period. The
indicators included ground vegetation diversity, tree diversity, tree health, stem defects, canopy
cover, percent buckthorn cover, soil compaction, and soil chemistry (see Appendix 2-1).
Perceptions of Ecological Integrity
To collect information on the perceptions of individuals who interact with the NGNR, a
survey was designed and administered to two distinct groups. The first group, the ‘experts’ of the
NGNR, were defined as individuals who had familiarity with the site or would be expected to
have more experience-based expertise about the site, through frequent exposure, training, and/or
stewardship activities. This group included front-line park staff, a group of specific boulderers
who engage in stewardship activities, and members of local nature groups directly involved with
the NGNR. The second group of interest were visitors to the NGNR.
Surveys were conducted in-person from July 1 st 2018 to September 30th 2018. Snowball
sampling was used to identify relevant participants for the expert group. The participants walked
along the trails at the NGNR, and upon completion of the trails completed the survey using the
Qualtrics offline survey application on an electronic tablet. Participants were not informed of
survey content before walking the trails. The visitor participants were recruited on site as they
completed the trails.
The first section of the survey was designed to collect demographic information. The
second section of the survey consisted of mainly Likert-Type questions and asked participants to
rate how they perceive various aspects of the environment on a scale of 1 to 4, with 1 being
“poor” condition and 4 being “very good” condition. A scale of 1 to 4 was used to ensure
consistency with the ecological data collected. Similar to the ecological assessment, survey
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questions were categorized into questions related to ecosystem composition, structure, and
function. The final section offered supporting information on the participant experience.
Data Transformation and Analysis
As per the framework by Parrish et al. (2003), and similar to other ecological integrity
assessment designs used by agencies such as Parks Canada and The Nature Conservancy,
ecological measurements were given a rating of “poor” to “very good”, with a corresponding
numerical value (poor = 1, fair = 2, good = 3, or very good = 4) (Gordon et al., 2005; Parks
Canada, 2017; Parrish et al., 2003). This required the collected raw data to be transformed from
continuous measurements (e.g. soil pH value, percent invasive species’ cover), into a categorical
rating (Gordon et al., 2005). Using a modified approach to that of Gordon et al., (2005), the
measurements were rated in relation to acceptable ranges of variation for management
objectives, identified primarily through expert opinion (Gordon et al., 2005; Parrish et al., 2003;
Wurtzebach & Schultz, 2016) (See Table A.2.2 in Appendix 2-1).
Participants were asked to rate certain aspects of the environment on a scale of 1 to 4.
Therefore, both the survey responses and the ecological measures existed on a scale of 1 to 4. As
well, both the survey responses and the ecological measures collected information on the same
attributes of ecological integrity (although they differed in the specific indicators used to
measure these attributes). These consistencies across both sets of data enabled comparability in
analysis.
For both the ecological measurements and the survey responses, an index similar to other
ecological integrity assessment models was used to calculate an overall rating for ecological
integrity (Andreasen et al., 2001; Environment Canada, 2011). Indicator ratings were averaged
(weighted equally) to create a value for the corresponding attribute. Values for composition,
structure, and function were calculated using a non-weighted average of corresponding
attributes. The overall ecological integrity rating was calculated using a non-weighted average of
composition, structure, and function. Recognizing that some ecological integrity assessments use
weighted indices, in this case, all variables were weighted the same due to the challenge of
comparing ecological and social indicators.
The data was normally distributed for the expert group but was not normally distributed
for the visitor group. In addition, the categorical data from the survey responses and the
transformation of the ecological continuous data to categorical data requires the use of
nonparametric tests. To explore the relationship between perceptions and ecological measures,
the overall perceived ratings were compared to the ecologically measured rating through onesample Wilcoxon signed rank t-tests. A one-sample Wilcoxon signed rank t-test, the
nonparametric alternative to a one-sample t-test, was used in order to compare the perceptions of
a group (experts or visitors), to a single known value (the ecological rating of ecological
integrity) (Tarannum et al., 2018). Overall ratings for the perceived state of the environment
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(relative to the ecological measures) were compared between groups using Mann-Whitney U
tests; the nonparametric version of an independent samples t-test.
2.2 Results
2.2.1 Ecological Results
An overall ecological integrity rating of 2.75 was calculated, using a non-weighted
average of the components and attributes. Table 2.1 breaks down the overall rating of ecological
integrity and provides the calculated average for each of the components of ecological integrity,
and the corresponding attributes. The attributes are presented in italics.
Table 2.1
Ecological Assessment: Ecological Integrity Ratings
Component
Rating (Mean)
Composition
2.5
Diversity
2.5
Invasive Species
2.5
Structure
3.0
Ground Structure
3.0
Vegetation Structure
3.0
Function
2.75
Soil Processes
3.0
Stressors
2.5
Overall Ecological Integrity
Rating
2.75
The ecological results for each indicator can be found in Table A.2.4 in Appendix 2-2, as
well as more detailed findings about the ecological health of the NGNR.
2.2.2 Survey Results
A total of 134 surveys were completed, consisting of 24 expert surveys and 110 visitor
surveys. See Table 2.2 for demographic information between the two groups (see also Table
A.2.6 in Appendix 2-3). Chi square tests revealed the groups did not significantly differ in their
distributions across most demographic fields including gender, age, and time in nature. However,
they did significantly differ for hometown, 𝑋2(2, N = 134) = 20.29, p < .000, and field of study,
𝑋2(4, N = 77) = 26.08, p < .000.
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Table 2.2
Demographic Information for Groups Surveyed
Experts
Gender
Male
Female

Visitors

62.5%
37.5%

46.4%
52.7%

45.9%
29.2%
20.9%
4.2%

40.8%
25.5%
29.1%
4.5%

50%
45.8%
4.2%

29.1%
16.4%
24.5%

Age
18-34
35-49
50-64
65+

Hometown
Niagara Region
Greater Toronto Area
Other Ontario Region or Canadian
Province
USA or International

30%

Urban/Rural
Urban
Suburban
Rural

33.3%
54.2%
12.5%

28.2%
57.3%
14.5%

45.9%
45.8%
8.3%

39.9%
35.5%
24.6%

Education Level
College Diploma or less
Bachelor’s Degree
Master’s Degree or higher

Certain demographic attributes, specifically education level, rural or urban hometown,
field of study, or time spent in nature, were hypothesized to be related to how people perceive
the environment (Curado et al., 2014; Petrosillo et al., 2007; Tarannum et al., 2018). Therefore,
Kruskal-Wallis tests were performed to determine if there was a significant main effect of these
demographic attributes on perceptions of ecological integrity. Due to the multiple comparisons,
tests were conducted using Bonferroni adjusted levels of .0125 (.05/4). None of the KruskalWallis tests were significant at adjusted alpha levels (see Table 2.3). However, results showed
that perceptions of ecological integrity differed significantly between fields of study at
unadjusted alpha levels.
Table 2.3
Kruskal Wallis Test: Effect on Perceptions of Ecological Integrity
Variable
df
X2
p value
Hometown
2
2.92
.232
Education Level
3
1.12
.772
Field of Study
4
11.40
.022*
Time in Nature
3
5.89
.139
* Significant at alpha levels of .05
**Significant at adjusted alpha levels of .0125
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For each participant, a mean was calculated to determine three values: a rating
representing composition, a rating representing structure, and a rating representing function.
From these values, an overall ecological integrity value was calculated. Due to the nonparametric
qualities, the medians of the samples are displayed below (see Table 2.4) (see also Table A.2.8 in
Appendix 2-3).
Table 2.4
Perceptions of Ecological Integrity Ratings
Experts (Mdn)
Composition
2.25
Structure
2.50
Function
2.25
Ecological Integrity
2.46

Visitors (Mdn)
3.00
3.50
3.13
3.17

Comparing Experts’ Perceptions to Ecological Measures
A one-sample Wilcoxon signed rank t-test was performed to determine if there was a
difference in the overall rating of ecological integrity between the perceptions of experts and an
ecologically measured value. The experts had overall lower ratings of the state of ecological
integrity (Mdn =2.46) from the ecologically measured value (2.75), Z = -2.65, p = .008. To
determine if there was a significant difference of experts’ perceptions from the ecological value
on different components of the ecosystem, similar one-sample Wilcoxon signed rank t-tests were
performed for ratings of ecosystem composition, structure, and function. These results are
displayed in Table 2.5.
Table 2.5
One-Sample Wilcoxon Signed Rank T-Tests Comparing Perceptions to Ecological Value for
Experts
Standardized
Component
Ratings
N
test statistic
p value
Hypothetical median Observed median
Composition
2.50
2.25
24
-1.27
.204
Structure
3.00
2.50
24
-2.59
.010*
Function
2.75
2.25
24
-3.42
.001*
* Significant at alpha of .05
Comparing Visitors’ Perceptions to Ecological Measures
A one-sample Wilcoxon signed rank t-test showed that park visitors’ perceptions of
ecological integrity differed significantly from the ecological value for ecological integrity. Park
visitors tend to have overall higher ratings of ecological integrity (Mdn = 3.17) than the
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ecologically obtained value of ecological integrity of 2.75, Z = 6.53, p <.000. Table 2.6 displays
similar one-sample Wilcoxon signed rank t-tests for components of ecological integrity.
Table 2.6
One-Sample Wilcoxon Signed Rank T-Tests Comparing Perceptions to Ecological Value for
Visitors
Standardized
Component
Ratings
N
test statistic
p value
Hypothetical median Observed median
Composition
2.50
3.00
110
7.16
.000*
Structure
3.00
3.50
110
5.32
.000*
Function
2.75
3.12
110
4.14
.000*
* Significant at alpha of .05
Comparing Visitors to Experts
A Mann-Whitney U test was performed to compare the overall ratings of perceived
ecological integrity between experts and park visitors. The Mann-Whitney indicated that there
was a significant difference in the perceived ratings of the experts (Mdn = 2.46) and the visitor
group (Mdn = 3.17), U = 436.5, p < .000, r = .444, such that perceived ratings were higher for
the visitors than the experts.
To understand the degree to which groups differed in their perceptions of ecological
integrity relative to the ecological rating as well as the direction of the difference, scores were
calculated by subtracting the ecological value from the value obtained from perceptions of
ecological integrity. These scores are displayed in Figure 2.1. Figure 2.1 shows that the visitors
and experts differ from the ecological value by similar amounts, however, they differ in opposite
directions.
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Figure 2.1. The medians of the calculated difference between the perceived rating of ecological integrity and the
ecological value. The ecological value is represented by 0.0 on the y axis.

2.3 Discussion
2.3.1 Investigating different approaches to environmental status assessments
While previous empirical evidence is limited, the results provide some initial evidence of
how different forms of assessment compare and to whether expert perceptions may be an
acceptable proxy for more conventional approaches to environmental status assessments.
Overall, perception-based methods and ecologically-based methods did not produce the same
result. Experts’ overall ratings of ecological integrity differed significantly from the ecological
measurements, and generally, the experts had lower ratings of ecological integrity compared to
the ecological measurements. On the surface, this finding seems to suggest that perception-based
methods may not be an acceptable proxy for conventional environmental status assessments.
However, there are more nuanced analyses regarding these findings.
Although the overall ratings from perception-based methods and ecological assessments
were significantly different, the perception-based methods did not significantly differ from
ecological measurements in terms of ecosystem composition (i.e., species diversity and
composition) (see Table 2.5). These findings agree with findings by Cook et al. (2010), who
found that species diversity was an important factor in explaining similarities between visual
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assessments and ecological data. It is possible that the composition variables may be more
congruent because these indicators are more visually accessible (e.g., vegetation diversity).
Additionally, these composition indicators, such as plant and animal diversity, are of interest and
of greater familiarity to many of the experts. The convergence of perception-based methods and
conventional approaches in the case of ecosystem composition suggests that perception-based
methods may be an appropriate proxy in certain cases. While Cook et al. (2010) suggest that
perception-based methods could be used at larger scales when combining several assessments,
the results of this study suggest that overall perception-based assessments are not very congruent
with the overall ecological assessment. Rather, it may be more appropriate to use perceptionbased methods where there is high agreement between perceptions and measures (e.g.,
composition variables).
Perhaps more intriguing is the divergence of expert perceptions and ecological
measurement in terms of ecosystem function and structure, as well as overall rating of ecological
integrity. On the one hand, there are potential sources of error or explanations for the differences
to consider. On the other hand, there are both scholarly and practical implications to draw from
these insights.
The lower estimation of overall ecological integrity as perceived by experts may be due
to an oversimplification of observations as, “observers may be… reacting to a subset of easily
gauged parameters” (Cook et al., 2010, p. 659). For example, it is quite possible that the
identification of an invasive species and the resulting visual memory of the invasive species as
their ‘take away’ could contribute to lower estimations of environmental condition (Cook et al.,
2010). As well, invasive plant species have traditionally been a problem at this study site, and
therefore, respondents with higher familiarity of the site may be more likely to focus on invasive
species (Wood & Lavery, 2000). Finally, a potential source of error, as discussed by Cook et al.,
(2010), is that a less experienced group may potentially reduce the congruence to ecologically
collected measures (Cook et al., 2010). It is possible that some of the expert participants
surveyed may not have had the same degree of experience.
Albert et al. (2013, p. 419), although comparing community perceptions of respondents
with Local Ecological Knowledge (LEK) to ecological data, acknowledge that differences may
exist due to the “temporal or spatial scales of inquiry”. Perhaps there is value in the differences
that exist between expert perceptions and ecological assessments, due to these differing scales of
inquiry. Divergence between expert perceptions and ecological assessments may be
advantageous in providing a potentially valuable source of information to fill the gaps of
conventional monitoring (Mackinson, 2001). For example, consider that rapid ecological
assessments only provide a snapshot, are often not representative across temporal and spatial
scales, and might not consider the meaning of the presence or absence of a species (Dale &
Beyeler, 2001; Stem et al., 2005). However, experts with prolonged exposure to a site have likely
formed their perceptions over time (Wood & Lavery, 2000; Yasué et al., 2010), and thus have
the temporal reference that the ecological assessment lacks (Albert et al., 2013; De Almeida,
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Ramos, Araújo, Baldauf, & Albuquerque, 2016). Furthermore, experts are also able to
incorporate a wide range of ecosystem indicators in their assessments, whereas ecological
assessments may be constrained in selection of indicators. Evidently, conventional, ecological
data collection is not necessarily superior to other types of knowledge, and both forms of data
can complement one another to provide a more comprehensive picture of ecosystem status
(Adams & Sandbrook, 2013; Albert et al., 2013; Forster et al., 2017; Yasué et al., 2010).
Acknowledging that certain management objectives undoubtedly require ecological data
(Adams & Sandbrook, 2013), but to address the barriers of ecological monitoring, it has been
recommended that perception-based and other alternative assessments be used in combination
with other forms of assessment (Cook et al., 2010; Danielsen et al., 2010; Mackinson, 2001;
Yasué et al., 2010). Others have recommended that the assessment approach will depend on the
objectives of the assessment, the amount of precision required, and the costs and time limitations
(Cook et al., 2010). This research adds that it will also depend on the congruence of observers’
perceptions to the ecological data. Perception-based methods should also be used in combination
with other forms of assessment where the evidences diverge, to complement each other, drawing
on both to provide a more comprehensive assessment, ‘fill in the blanks’ and provide reciprocal
verification of both data (Mackinson, 2001; Yasué et al., 2010).
2.3.2 Investigating visitor perceptions of the state of the environment
In the study, visitor perceptions of ecological integrity differed significantly from the
ecological measures. Generally, visitors rated the state of the environment as being in a better
condition than the ecologically collected rating. These results agree with similar studies by
scholars such as Yasue et al. (2010) and Pendleton et al. (2001), who found that community or
public perceptions tended to be at odds with ecological data.
The tendency to overestimate the condition of the ecosystem relative to ecological
measurements may be due to several potential factors. For example, Yasue et al. (2010), suggest
wishful thinking as a potential explanation for the overestimation of ecosystem condition by
community members, and Pendleton et al. (2001) suggest that people might not identify any
concerns or threatening issues. Similarly, a possible explanation of overestimation of forest
condition could be due to the assumption and preconception that PAs are sites of high
naturalness, and areas of ‘pure’ or ‘untouched’ nature (Shultis & Way, 2006). This
conceptualization that protected areas are sites of desirable ‘naturalness’ is supported by
participant comments. Some examples include: “natural setting”, “…very natural setting”, “keep
maintaining its naturalness”, “I think the Niagara Glen was the most nature-diverse hike I’ve
gone on”, “Overall appeared to be maintained in a quite natural way. Human impact was
minimal, limited pretty well to the trails and adjacent areas”. According to Shultis and Way
(2006), public conceptions of PAs (of intact natural areas and static ecosystems) often do not
align with ecological integrity as defined by management.
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In addition, perceptions of environmental health are formed based on previous
experiences with nature and an individual’s ‘baseline’ of environmental health (Albert et al.,
2013). Results show that 85.5% of visitors classified their hometowns as either urban or
suburban. This raises an interesting point for grounded speculation: the overestimation of
ecosystem condition could be driven by exposure to natural areas. The results show that there
was no significant main effect of hometown (urban, suburban, and rural) on overall perceived
ratings of ecological integrity, but observable trends show an increase in overall ratings as you
move from rural to urban, with urban participants having the highest ratings of environmental
status, and rural participants having the lowest ratings. While there were no significant
relationships in this case, it would be interesting to further investigate these demographic
attributes. Similarly, further empirical evidence and clarification on the relationship of other
demographic qualities on perceptions of the state of the environment would be valuable.
Contrary to findings by Petrosillo et al. (2007) and Curado et al. (2014), who found that past
experiences/demographic attributes, and education level, respectively, influenced how people
perceived environmental quality, the findings of this study showed no relationship between past
experiences, employment sector, or education level on how visitors rated the state of the
environment.
Interestingly, visitors’ perceptions were least congruent when it came to composition,
where average visitor rating was much higher than the ecological value. Similar to the experts,
visitor perceptions may be influenced by an oversimplification of the interpretation of stimuli
(Cook et al., 2010). For example, perhaps visitors interpreted visual stimuli of lush, green plant
cover as being a sign of good ecosystem condition, whereas in reality, ground cover could have
low diversity, or perhaps a high percentage of invasive species. Visitors could be
oversimplifying that “green is good”. This is supported by a study by Patel et al. (1999), who
reported that visitors relied on visual components, and specifically, their reliance on colour, or
“greenness” in their assessment of the state of the forest. Patel et al. (1999) also found that
visitors to a Carolinian forest in an Ontario PA did not demonstrate a strong understanding of
native and exotic species, and therefore, might not identify invasive plants as such.
2.3.3 Comparing group perceptions
The two groups (experts and visitors) differed significantly in their perceptions of
ecological integrity, a finding that offers important implications for park management and
environmental management more broadly. These findings are similar to those found by Le Lay et
al. (2013), in that expert and non-experts differ in certain qualities; however, the authors refer to
aesthetic preferences of landscapes or knowledge of ecosystems, rather than perceptions.
Perceptions of the experts and visitors deviated from the ecological measurement to a
similar degree, however, it is worth noting that they deviated in opposite directions. Experts
tended to have lower ratings relative to the ecological measurement, whereas visitors tended to
have higher ratings relative to the ecological measurement. This underlines that the direction of
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the difference is important to consider, and that it is important to consider one group in relation
to other groups.
Despite scholars generally recognizing the importance of understanding group
differences in values, beliefs, and preferences (Burger, 2002), the results of this study highlight
the value in gathering information on how different groups perceive the state of the environment.
This knowledge of intergroup differences offers an initial understanding of the social context, to
subsequently address additional issues. For example, differences in how people perceive the state
of the environment may have implications in terms of how different groups respond to
management initiatives and opinions of management priorities, which often result in
disagreements between groups (Albert et al., 2013; Eagles et al., 2013; Hill & Daniel, 2008).
Therefore, knowledge of differences in perceptions is particularly important for developing a
common understanding between the groups, which can reduce challenges developing from
conflicting values and competing priorities (Forster et al., 2017). It highlights important areas for
education for each group, as education has been recommended to bridge the gap between
different groups (Le Lay et al., 2013).
Finally, it is important to acknowledge that the manner in which visitors were surveyed
could be a potential source of error. The visitors were asked to recall their observations of the
site after their hike. While it was ensured that surveying was done immediately after exposure to
the site, it is possible that the ability to recall observations of some indicators may be reduced
and may affect overall ratings. This source of error is especially important to consider given that
the experts group was aware of their participation in a research project prior to the hike, due to
recruitment and ethical concerns. However, the expert group was not given any information
about the content of the study, and were only informed that they would hike at the site and of the
ethical implications.
2.4 Conclusions
This research examined how ecologically measured environmental status relates to how the
environmental status is perceived, between and among groups. An ecological assessment of
ecological integrity was performed in a PA in the Niagara Region of Canada. Two distinct
groups - experts and visitors - were surveyed on their perceptions of ecological integrity. In
comparing different approaches of assessments between ecological methods and perceptionbased methods, it was found that there were some congruencies and some discrepancies. Results
agreed with other studies in that visitor perceptions were at odds with ecological data, offering
information for gauging visitors that interact with the site. Overall, experts and visitors differed
in their perceptions of the state of the environment, with experts having perceptions that were
rated lower, and visitors having a general overestimation relative to the ecological measurement.
Salient questions in scholarship about knowledge formation of the state of the
environment motivated this empirical study. Scholarly tensions exist for how to best approach
status assessments and what counts as evidence in evidence-based conservation (Adams &
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Sandbrook, 2013; Bennett, 2016; Ferraro & Pattanayak, 2006; Pullin & Salafsky, 2010;
Sutherland et al., 2004). This study contributes to this tension by providing empirical evidence
for how perception-based methods relate to conventional, ecologically-based assessments,
suggesting perception-based methods should be used in combination with ecological approaches
to provide a more comprehensive picture (Adams & Sandbrook, 2013; Cook et al., 2010; Yasué
et al., 2010). There is also a need for more information on the social context of conservation
(Bennett et al., 2016, 2017; Clayton et al., 2013). How visitors perceive the environment should
be one form of social information collected, to better understand how people understand their
environment, to inform education efforts, to identify group differences, and to inform the larger
picture of the social context of the site. The findings of this study inform this question,
demonstrating that in this case, visitors do not perceive the environment in a way that aligns with
ecological data. Knowledge on intergroup differences in perceptions are important especially for
developing consensus to improve support for conservation and address some of the tensions
existing between groups.
Most noteworthy, the relation of perceptions to ecological measurements draw attention to
the usefulness of monitoring perceptions of different groups and relating these to ecological data
(Pendleton et al., 2001). For example, as evident from this study, relating expert perceptions to
ecological information has implications for enhancing environmental status assessments,
including identifying cases in which perception-based methods can be pragmatically used to
address barriers of conventional approaches, and to provide a more holistic assessment when
used in combination with other forms of assessment. In terms of visitors, Alessa et al. (2003),
call on PA managers to first investigate how the public perceives the ecosystem and
subsequently develop communication strategies. An additional step of relating these perceptions
to measured ecological integrity should be emphasized before developing communication
strategies. Such a comparison can offer valuable insights in identifying areas to focus education
efforts (Burger, 2003; Hill & Daniel, 2008; Ormsby & Forys, 2010; Patel et al., 1999; Pendleton
et al., 2001; Shultis & Way, 2006).
Additional research is required to enhance the body of empirical evidence as well as
explore some of the questions that were illuminated from the findings of this study. More
evidence is needed on how different assessment approaches relate to one another in a range of
contexts. This also applies to other alternative sources of evidence including citizen science and
community-based assessment. While this research provides initial evidence that groups perceive
the state of the environment differently, future research should further investigate the drivers as
well as the consequences of perceptions of the environment. For example, how do these
perceptions influence each group’s understandings about threats to the site and opinions of
management priorities. Lastly, a valuable avenue for future work would be to investigate if
visitor perceptions can be shaped to align more with measured ecological integrity.
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Chapter Three
Study Two: Influences of an educational intervention on visitor perceptions of the state of
the environment in parks and protected areas

3.0 Introduction
The importance of parks and protected areas (PAs) to conserve, protect, and maintain the
integrity of natural land for future generations is increasingly emphasized (Groulx, Lemieux,
Lewis, & Brown, 2017). A primary aim in many PAs is the maintaining or enhancing ecological
integrity - the state of the environment or the intactness of the ecosystem (Roche & Campagne,
2017). An ecosystem has integrity when elements such as composition, structure, function and
processes occur within ranges appropriate to the resilience of system (Wurtzebach & Schultz,
2016). Ecological integrity is central to PAs as well as conservation organizations concerned
with the condition or status of ecosystems, and is central to ecosystem planning and management
(Woodley, 2002; Wurtzebach & Schultz, 2016).
Many PAs are also valued as places for tourism and recreation (Beaumont, 2001; Groulx
et al., 2017; Shultis & Way, 2006). In these PAs, a second common aim is to attract visitors and
provide them with meaningful and educative experience in nature. The relationship between
visitors and ecological integrity is multi faceted. Sustainable tourism relies on visitor
conceptualizations of PAs that are aligned with the idea of ecological integrity (Shultis & Way,
2006). At the same time, the maintenance of ecological integrity is largely affected by visitor
behaviours (Pendleton et al., 2001; Petrosillo et al., 2007), a consequence of how visitors
perceive the state of the environment with which they interact (Alessa et al., 2003; Clayton et al.,
2013; Gelcich & O ’Keeffe, 2016; Petrosillo et al., 2007). Perceptions form the basis of how we
come to understand our surroundings (Bruno & Pavani, 2018; Orams, 1996b), and how one
perceives the environment is an antecedent to other factors such as values, beliefs, and attitudes
(Orams, 1996b). For example, perceptions of ecosystem resilience, have been found to be more
influential on the likelihood to engage in depreciative behaviours than knowledge (Alessa et al.,
2003). Such findings highlight the importance of visitors’ perceptions for park managers when
considering how to manage people in parks. Visitor perceptions about the state of the
environment are especially valuable for catalyzing public support for PAs and conservation
efforts more broadly (Bennett, 2016; Ormsby & Forys, 2010; Patel et al., 1999). Despite the
multiple facets of this relationship, very little research has been done on how visitors to PAs
perceive the state of the environment (for exceptions see Alessa et al., 2003; Petrosillo et al.,
2007).
PAs are commonly confronted with having a dual mandate of maintaining/enhancing of
ecological integrity and providing rich opportunities for visitors. This dual mandate often creates
considerable tensions as PAs must navigate trade-offs between protecting natural areas and
enabling experiences for visitors (Beaumont, 2001; Marion & Reid, 2007; Papageorgiou, 2001).
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Education and environmental interpretation are positioned at this important intersection.
Specifically, environmental interpretation, or interpretive programs, which provide informal
learning experiences to visitors, are often highlighted as an integral component to the aim of
enriching the visitor experience and providing opportunities to learn about nature (Butler &
Hvenegaard, 2002; Canada National Parks Act, 2000; Woodley, 2002). Environmental
interpretive programs are also framed as a management tool in PAs associated with the assumed
effectiveness in developing visitor knowledge, concerns and attitudes, and ultimately, proenvironmental behaviours (Ballantyne et al., 1998; Beaumont, 2001; Butler & Hvenegaard,
2002; Curado et al., 2014; Hill & Daniel, 2008; Kim et al., 2011). Therefore, it is often
considered an important means to navigate tensions between the dual mandates in many PAs
(Beaumont, 2001; Kim et al., 2011; Manning, 2003; Munro et al., 2008; Papageorgiou, 2001;
Ren & Folta, 2016; Tubb, 2003). Specifically, it is recognized as a alternative to regulatory
approaches (e.g., physical barriers, rules, regulations, and enforcement) for managing negative
impacts of visitor interactions with the environment (Kim et al., 2011; Manning, 2003; Munro et
al., 2008; Orams, 1996a; Papageorgiou, 2001; Powell & Ham, 2008; Ren & Folta, 2016; Roberts
et al., 2014a). Consequently, it has been recommended that environmental interpretive programs
in PAs, particularly in Canada, have ecological integrity at their core (Butler & Hvenegaard,
2002).
Despite the positive attention environmental interpretive programs have received, several
questions remain open about it and in specific reference to navigating the dual mandate of many
PAs. First, existing studies are unclear about the effectiveness of interpretive programs. Several
scholars (e.g., Moscardo, 2014; Roberts et al., 2014), have questioned if interpretive efforts are
actually effective in achieving their goals, and whether there has been an underrepresentation of
findings of ineffective interpretive programs. It is further recognized that the effectiveness and
benefits of interpretive programs are rarely quantified (Boon, Fluker, & Wilson, 2008; Orams,
1996b). Some empirical studies that do exist on effectiveness of interpretive programs report
mixed findings (Powell & Ham, 2008; Roberts et al., 2014a; Skibins, Powell, & Stern, 2012).
Second, while there has been adequate research on the influence of interpretive programs on
visitor knowledge, attitudes, values, beliefs, and behaviour change (e.g., Ballantyne, Hughes,
Lee, Packer, & Sneddon, 2018; Curado et al., 2014; Kim et al., 2011; Lockwood, Worboys, &
Kothari, 2006; Moscardo, 2007, 2014; Orams, 1996a; Papageorgiou, 2001; Roberts et al., 2014b;
Sharp, Larson, Green, & Tomek, 2012), empirical research on how interpretive programs might
influence how people perceive ecological integrity is largely absent, but arguably just as
important as perceptions are precursors to many of these outcomes. When studies have focused
on the effect of interpretive programs on visitors’ perceptions, it has typically been referring to
visitor satisfaction, visitor preference (Curado et al., 2014; Petrosillo et al., 2007), or visitor
perceived outcomes of interpretive programs (e.g. self-reported individual knowledge gain)
(Beaumont, 2001; Hill & Daniel, 2008; Roberts et al., 2014a). This is a significant void that
should be addressed for several reasons, most importantly, that visitor interactions with the
environment are influenced by how they perceive the environment (Alessa et al., 2003; Gelcich
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& O ’Keeffe, 2016; Petrosillo et al., 2007). Third, in managing PAs for ecological integrity, there
is a need to for alignment among measured ecological integrity of the system, the manner in
which ecological integrity is perceived, and the design and conduct of interpretive programs
(Butler & Hvenegaard, 2002). A dearth of research exists which empirically and quantitatively
compares visitor perceptions to ecological measures for the purposes of understanding the
influence of interpretive programs.
This study examines the influence of an interpretive program on how visitors perceive the
state of the environment, using an ecological measurement of ecological integrity as a reference.
An associated question with this purpose is: can the interpretive program be designed with
ecological integrity at its core to increase the congruence of visitor perceptions to ecological
integrity? As such, this study compares perceptions of ecological integrity between groups of
visitors: a group with passive observation, a group that receives an educational intervention (i.e.,
an interpretive guided tour), and a group that receives a modified educational intervention (i.e.,
an interpretive guided tour that is designed to direct visitors’ attention to specific aspects
pertaining to ecological integrity). The perceptions are referenced against a suite of ecological
measures collected for an assessment of ecological integrity.
3.1 Methods
3.1.1 Study site
The Niagara Glen Nature Reserve (NGNR) (UTM zone 17N, 658068 mE, 4777297 mN),
is a recreational PA managed and maintained by the Niagara Parks Commission (NPC), and is
located in the Niagara Region of Canada. The NGNR, an important Carolinian forest ecosystem,
is one of the most ecologically significant areas on the Niagara Peninsula, with a range of unique
and rare flora and fauna (Varga & Kor, 1993). Due to the proximity to Niagara Falls, Ontario
(within 7km), the Niagara Glen withstands approximately 130,000 visitors a year to its 2.19ha
section of the Niagara Gorge (C. Burant, personal communication, May 2018). This, in
combination with their mandate of environmental protection, creates a situation where managers
must navigate the tension between visitor use and ecological integrity; an illustrative example of
the challenges faced by many PAs. A network of recreational trails and a nature centre (See
Figure 3.1) that offers guided tours further provided excellent opportunities to investigate
interpretive programs in a PA context.
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Figure 3.1. A map of the Niagara Glen Nature Reserve trail network and nature centre (NPC, 2017)

3.1.2 Study groups and interpretive programs
Three distinct groups were the focus for this study. The first group were passively
observing visitors, referred to as the control group, and were defined as visitors to the park that
did not receive any direct educational intervention, but may be subject to other forms of passive
communication (e.g., brochure). The second group included individuals subject to an educational
intervention (i.e., guided interpretive tour) with a general script focused on both natural/cultural
heritage of the site. This group is referred to as ‘Treatment 1’ or ‘T1’. The final group, referred to
as ‘Treatment 2’ or ‘T2’, included individuals subject to an ‘experimental’ educational
intervention (i.e. guided interpretive tour). This version of the tour included additional content on
ecological integrity and was designed to specifically direct participants’ attention to particular
aspects of their surroundings (e.g. invasive plant species, evidence of vegetation trampling, or
examples of biodiversity) (See Appendix 3-3). Tours ran twice daily, lasted approximately an
hour and a half, and were guided by a trained naturalist from the Nature Reserve.
To collect information on perceptions of the state of the environment, a survey (see
Appendix 2-4 and 3-2), consisting of three sections was administered to each of the three groups.
The first section collected demographic information. The second section addressed visitor
perceptions of the state of the environment. This second section was subdivided into three
subsections, specifically on perceptions of ecosystem composition, structure, and function;
consistent with the ecological data collected (see below). The questions were designed in such a
way that participants would recall the surrounding stimuli of their hike, and subsequently rate
how they perceive a particular aspect of the ecosystem on a scale of 1 to 4, with 1 being “poor”
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condition and 4 being “very good” condition. The final section was designed to collect
supporting information on the participant experience and varied slightly for each group. For
example, the participants of the tour groups were asked questions directly pertaining to their
experience during the tour.
Surveys were conducted in person from July 1 st to September 30th. The control group
were recruited on site using a pseudorandom sampling approach. The trails at the NGNR all
conclude at a vertical staircase, and therefore, participants were recruited at this point as they
exited the trails. The participants for both tour groups were recruited on a convenience sampling
basis due to the low number of visitors that registered in tours. The two treatment tours were
performed on a randomly preselected schedule. All participants completed the survey on
Qualtrics offline survey application on electronic tablets. Participants of all three groups
(control, T1, and T2), were not aware of a survey as they hiked the trails and all participants
were recruited at the end of the hike at the trail exit.
3.1.3 Ecological data
To compare the perceptions of ecological integrity to an ecologically collected rating,
physical ecological data was also collected from July 1 st 2018 to September 30th 2018. A suite of
twelve ecological indicators were measured at ten sites across the NGNR. Ecological indicators
were selected to collect information on ecosystem composition, structure, and function,
consistent with the three components of ecological integrity assessments (Parrish et al., 2003;
Wurtzebach & Schultz, 2016). Examples of indicators included soil chemistry, species diversity,
and invasive species cover. In a manner similar to many ecological integrity assessment
frameworks and examples (Gordon et al., 2005; Parks Canada, 2017; Parrish et al., 2003),
ecological measurements were subsequently rated on a scale of 1 to 4, 1 being “poor” and 4
being “very good”, based on the measured value in relation to its acceptable range identified for
management objectives.
3.1.4 Data Transformation and Analysis
As per Section 2.1.2 (Chapter 2), the ecological measures and the survey responses
existed on the same scale of 1 to 4. As well, both the survey responses and the ecological
measures collected information on the same attributes of ecological integrity (although they
differed in the specific indicators used to measure these attributes).
For both the ecological measures and the survey responses, an index similar to other
ecological integrity assessment models was used to calculate an overall rating for ecological
integrity (Andreasen et al., 2001; Environment Canada, 2011). Indicator ratings were averaged
(weighted equally) to create a value for the corresponding attribute. Values for composition,
structure, and function were calculated using a non-weighted average of corresponding
attributes. The overall ecological integrity rating was calculated using a non-weighted average of
composition, structure, and function.
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As per Section 2.1.2, the categorical data from the survey responses and the
transformation of the ecological data to categorical data requires the use of nonparametric tests.
To explore the relationship between perceptions and ecological measures, the overall perceived
ratings were compared to the ecologically measured rating through the nonparametric version of
a one-sample t-test. A one-sample Wilcoxon signed rank t-test was used in order to compare the
perceptions of a group to a single known value (the ecological rating of ecological integrity)
(Tarannum et al., 2018). Overall ratings for the perceived state of the environment (relative to the
ecological measures) were compared between groups using Mann-Whitney U tests and KruskalWallis tests; the nonparametric version of an independent samples t-test and an ANOVA,
respectively.
3.2 Results
Visitor Perceptions
A total of 130 respondents completed the survey; 110 visitors in the control group, 10
visitors participating in T1, and 10 visitors participating in T2. It is recognized that the data is
asymmetric. The number of participants for the treatment groups was much lower than the
control group due to the lack of interest and registration for the tours. Table 3.1 shows
demographic information across the three groups (control group, T1, and T2) (also see Table
A.3.1 in Appendix 3-1).

Table 3.1.
Demographic Information for Groups Surveyed
Control
110
N
Gender
Male
Female

T1

T2

10

10

46.4%
52.7%

60%
30%

40%
60%

40.8%
25.5%
29.1%
4.5%

10%
10%
60%
10%

40%
60%

45.5%
24.5%
30%

60%

40%

40%

60%

28.2%
57.3%
14.5%

40%
60%

40%
60%

26.3%

40%

Age
18-34
35-49
50-64
65+

Hometown
Niagara Region & GTA
Other ON Region & CAN Province
USA & Int’l

Urban/Rural
Urban
Suburban
Rural

Education Level
Less than college
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College Diploma
Bachelor’s Degree
Master’s Degree or Higher

13.6%
35.5%
24.6%

10%
10%
40%

60%
40%

The data for T1 and T2 were normally distributed, but the control data did not adhere to
normal distribution. In addition, the use of categorical data derived from survey responses and
from the transformation of raw ecological data to a rating on a scale requires the use of
nonparametric tests.
Chi square tests were performed to compare groups on demographic attributes. The
groups had relatively similar distributions across most demographic fields. No chi square results
were significant (see Table A.3.2 in Appendix 3-1), however the small sample size is
acknowledged.
Certain demographic attributes, specifically education level, rural or urban hometown,
field of study, and time spent in nature, were hypothesized to be related to perceptions of
ecological integrity (Curado et al., 2014; Petrosillo et al., 2007; Tarannum et al., 2018).
Therefore, Kruskal Wallis tests were conducted using Bonferroni adjusted alpha levels of .0125
(.05/4), to determine if there was a significant main effect of these attributes on how people
perceive the environment. None of the Kruskal-Wallis tests were significant using adjusted alpha
levels (See Table 3.2). However, the results showed that there was a significant main effect of
‘time in nature’ on perceptions of ecological integrity at unadjusted alpha levels of .05, although
failed to reach significance with adjusted alpha levels.
Table 3.2.
Kruskal Wallis Test: Effect on Perceptions of Ecological Integrity
Variable
df
X2
p value
Hometown
2
.214
.898
Education Level
3
1.40
.706
Field of Study
4
3.51
.477
Time in Nature
3
8.78
.032*
* Significant at alpha levels of .05
** Significant with corrected alpha levels of .0125

Perceptions of Ecological Integrity
Survey questions were categorized into ratings of the composition, structure, and function
of the ecosystem. Table 3.3 shows the median values for respondent ratings on each component
of ecological integrity (see also Table A.3.3 in Appendix 3-1). Overall ecological integrity
ratings between groups are displayed in Figure 3.2.

51

Table 3.3
Median Values for the Components of Ecological Integrity
Ecosystem Component
Control
T1
Composition
3.00
3.50
Structure
3.50
3.75
Function
3.13
3.13
Ecological Integrity
3.17
3.46

T2
3.38
3.75
3.38
3.50

Figure 3.2. Medians of overall ecological integrity ratings for each group, relative to the ecological assessment
rating. The red line represents the ecological assessment rating for ecological integrity (2.75).

Comparing Perceptions to Ecological Reference
A one-sample Wilcoxon signed rank t-test was performed to compare the control
perceptions of overall ecological integrity to the ecological measurement. The perceptions of the
control group differed significantly from the ecological value, such that the control group had
overall higher ratings of ecological integrity (Mdn = 3.17), than the measured value of 2.75, Z =
6.53, p < .000. Results from one-sample Wilcoxon signed rank t-tests on the more specific
components (i.e. composition, structure, and function) are displayed in Table 3.4.
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Table 3.4.
One-Sample Wilcoxon Signed Rank T-Tests Comparing Perceptions to Ecological Value for
Control Group
Component
Ratings
N
Standardized
p value
test statistic
Hypothetical median Observed median
Composition
2.50
3.00
110
7.16
.000*
Structure
3.00
3.50
110
5.32
.000*
Function
2.75
3.12
110
4.14
.000*
* Differs significantly (p < .05) from the test value

A one-sample Wilcoxon signed rank t-test was performed to determine if there was a
statistically significant difference in the rating of ecological integrity between the perceptions of
T1 and the ecologically measured value. Perceptions of ecological integrity for T1 (Mdn = 3.46),
differed significantly from the objectively collected value of 2.75, Z = 2.20, p = .028. Results
from Wilcoxon signed rank one-sample t-tests on the more specific components (i.e.
composition, structure, and function) are displayed in Table 3.5.
Table 3.5.
One-Sample Wilcoxon Signed T-Tests Comparing Perceptions to Ecological Value for T1
Component
Ratings
N
Standardized
test statistic
Hypothetical median Observed median
Composition
2.50
3.50
10
2.67
Structure
3.00
3.75
10
2.27
Function
2.75
3.12
10
1.28

p value

.008*
.024*
.201

*Differs significantly (p < .05) from the test value

A one-sample Wilcoxon signed rank t-test was performed to determine if there was a
statistically significant difference in the rating of ecological integrity between the perceptions of
T2 and the ecologically measured value. The results show that there was a statistically significant
difference such that T2 had overall higher ratings of the state of ecological integrity (Mdn =
3.50), from the measured value (2.75), Z = 2.71, p = .007.
Table 3.6.
One-Sample Wilcoxon Signed Rank T-Tests Comparing Perceptions to Ecological Value for T2
Perceived Ratings
N
Standardized
p value
test statistic
Hypothetical median Observed median
Composition
2.50
3.38
10
2.45
.014*
Structure
3.00
3.75
10
2.74
.006*
Function
2.75
3.38
10
2.47
.014*
*Differs significantly (p < .05) from the test value
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Comparing Groups in Overall Perceptions and in Relation to Ecological Reference
A Kruskal-Wallis was performed to examine the effect of two different educational
treatments on overall perceptions of ecological integrity. There was no significant main effect of
an educational treatment, X2(2) = 5.30 p = .071, with a mean rank perceived rating score of 62.31
for the control group, 79.85 for T1, and 86.25 for T2.
A Mann-Whitney test showed that there was no significant difference in perceptions of
ecological integrity between T1(Mdn = 3.46) and the control group (Mdn = 3.17), U = 398.5, p =
.149, r = .132. A Mann-Whitney test also showed there was no significant difference in the
perceptions of ecological integrity between T2 (Mdn = 3.50) and the control group (Mdn = 3.17),
U = 350, p = .058, r = .173.
To understand congruence of perceptions to ecological measures between groups, a
difference score was calculated for each group. This difference score, essentially a z score, was
derived from subtracting the ecologically measured value from the perceptions of ecological
integrity for each individual. These scores are displayed in Table 3.7.
Table 3.7.
Calculated Differences Between Ecological Value and Perceptions Value
Group Type
N
Mdn
Control
110
.417
T1
10
.708
T2
10
.750
3.3 Discussion
There are several interesting points of discussion arising from the results of this study.
The following section will discuss the perceptions of each group in relation to the ecological
data, the absence of a significant main effect of an interpretive program on perceptions of
ecological integrity (regardless of the type of treatment), and the interesting observed trend in the
direction of the interpretive program influence.
To begin, the perceptions of overall ecological integrity of all three groups (control, T1,
and T2) differed significantly from the ecological value for overall ecological integrity. The
perceptions of each group also differed significantly from the ecological value in terms of the
more specific components of ecological integrity (ecosystem composition, structure and
function), with the exception of the perceptions of ecosystem function in T1, which did not
statistically differ from the measured value. It is not immediately evident what factors may be
driving this similarity, as there was no aspect of the T1 tour specifically focused on function of
ecological integrity. Regardless of participation in a tour, visitors generally overestimate the
overall integrity of the system, as well as overestimate the more specific components. Similar to
the findings in Study One, the general overestimation of ecosystem integrity could be explained
by the oversimplification of stimuli by visitors and their reliance on ‘greenness’ (Cook et al.,
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2010; Patel et al., 1999). As well, visitors also tend to have preconceptions of PAs as areas of
high naturalness and may be relating their perceptions to this notion (Shultis & Way, 2006).
There are noteworthy differences between perceptions and the ecologically measured
value. Interpretive programs have been previously suggested as a means to address differences
and close the gap between perceptions and ecological data, (Burger, 2003; Patel et al., 1999;
Pendleton et al., 2001). However, the results of this study demonstrate that guided interpretive
programs might not be effective in closing the gap, and in fact, might actually increase the gap
between perceptions and ecological data. Overall, there was no significant main effect of group
type (i.e. of participation in a tour), on the perceptions of ecological integrity. These findings
contradict popular discourse in interpretation scholarship and the praise that interpretive
programs often receive (Kim et al., 2011; Manning, 2003; Munro et al., 2008; Orams, 1996a;
Papageorgiou, 2001; Ren & Folta, 2016; Roberts et al., 2014a; Tubb, 2003). In fact, the findings
coincide with recent critiques to whether interpretive efforts are actually effective in achieving
their goals (Moscardo, 2014), and agrees with other studies that have concluded little to no effect
(Powell & Ham, 2008; Roberts et al., 2014a; Skibins et al., 2012). Moscardo (2014), even refers
to environmental interpretive programs using the metaphors of the ‘holy grail’ or the ‘Emperor’s
robes’, in that interpretive programs are often desired as the ultimate solution, or that it is a
situation in which no one wants to question whether or not interpretive programs are actually
effective. The lack of influence on perceptions in this study suggests that it should not be
assumed that interpretive programs are a panacea, and will be effective in achieving all
outcomes. That is not to say that all interpretive programs are ineffective, or that they are not
effective in achieving other objectives, but rather that each interpretive program requires close
examination and evaluation to prevent assumptions that the program will be effective.
There was no significant difference between T1 and the control visitors; suggesting that
simply the act of participating in a tour is not sufficient to alter perceptions. There was also no
significant difference in the perceptions of T2 and control visitors. However, there are interesting
observable trends in the perceptions between groups that should be noted. Perceptions of
ecological integrity were generally lowest for control visitors and higher for tour participants.
Interestingly, T2 tour participants tended to have the highest ratings for the state of the
environment. In this tour, interpreters would direct visitor attention to specific aspects pertaining
to ecological integrity such as plant diversity or vegetation trampling. Therefore, this general
trend could suggest that while the act of participating in a tour and the act of interacting with a
guide may not have an effect, perhaps specifically developed interpretive content and the explicit
direction of attention to specific objects could have some influence on perceptions.
However, the perceptions of T2 visitors were the least congruent to the ecological
measures (Table 3.6). This trend runs contrary to the anticipated influence. Rather than align
visitors’ perceptions with ecological integrity, there is an observable trend that participation in
this version of the tour actually increased the gap. A possible explanation for the greater
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overestimation of ecosystem integrity by T2 participants could be the fact that participants’
attention was directed to features that would not have been noticed otherwise. For example, tour
guides might have made participants more aware of animal noises, or special plants, ultimately
leaving them with an overall impression of increased diversity. It’s also possible that tour guides
spent more time on concepts of positive ecological integrity (e.g. rare plant species, areas of high
diversity), and less time on the decline of ecological integrity (disease, invasive species,
vegetation trampling, etc.), to please visitors and improve their experience.
Furthermore, it is possible that this interesting trend could be due to a limitation in the
study design, specifically, the design of the interpretive program. The ecological data was
collected concurrently with the survey data to ensure consistency. However, this meant that tour
script content was not entirely based on the ecological results. Since the final ecological
assessment concluded in late summer, tour content was designed based on observable qualities of
the ecosystem and on available data. It is therefore recommended that for future research as well
as practice, tour content and interpretive programs more broadly, be designed in a way that is
reflective of established, measured ecological integrity.
A noteworthy limitation of this study was the low sample sizes of the tour groups, due to
a lower than anticipated registration and interest for tours. The very small sample sizes and very
low statistical power, in combination with the lack of significant results found in the study,
suggest that the results should be interpreted with caution. It is important to also acknowledge
additional limitations of the study. First, while every best effort was made to keep tour content
consistent and control for tour guides, it is possible that the tour guides differed in their delivery,
content, or ability to communicate. There were three tour guides, and while they all received the
same training and same tour script, it is recognized that variability in personality and enthusiasm,
experience with delivering tours, and other traits may influence the tour experience. Tour guides
also had a degree of flexibility – an important quality for interpretive programs (Ren & Folta,
2016). As well, it should not be assumed that the interpretive program designs were high quality,
and quality may influence findings (Moscardo, 2014). While the tours followed recommended
techniques for interpretive programs (e.g. Skibins et al., 2012), it is possible that using additional
techniques, for example, following a program theme, engaging all of the senses or encouraging
cognitive dissonance may have resulted in a stronger influence (Moscardo, 2014; Orams, 1996b;
Sharp et al., 2012). Future research should explore different techniques specifically on shaping
perceptions.
Lastly, it is worth noting that environmental learning associated with interpretive
programs and environmental education more broadly is multi faceted, and often the factors
contributing to environmental learning are complex (Rickinson, Lundholm, & Hopwood, 2009).
Learners’ values, beliefs, norms, and motivations are essential in the learning process. With
recognition that the experience in an interpretive program is a complicated process and that there
are a range of outcomes for interpretive programs (e.g. experience, increased knowledge, etc.), it
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is clear that a more nuanced perspective of the effectiveness of interpretive programs is needed
(Rickinson et al., 2009).
3.4 Conclusions
PAs must navigate the tension between visitor use and maintaining/improving ecological
integrity (Groulx et al., 2017; Orams, 1996b; Papageorgiou, 2001). This has emphasized the
responsibility of PAs to engage visitors with the notion ecological integrity (Beaumont, 2001;
Dearden & Rollins, 2002; Sharp, Cleckner, & Depillo, 2016). Environmental interpretive
programs have been frequently emphasized for their role in the visitor experience as well as the
role in influencing visitor attitudes, beliefs, and ultimately, behaviours. This study aimed to
investigate the influence of an interpretive program on perceptions of ecological integrity, given
the importance of visitors’ perceptions to their interactions with the environment (Alessa et al.,
2003; Shultis & Way, 2006). Findings suggest there is little to no effect of the environmental
interpretive program on visitor perceptions, and the effectiveness of environmental interpretive
programs on perceptions remains unclear, requiring further empirical evidence in varying
contexts. The study also aimed to test whether an interpretive program designed around the
concepts of ecological integrity would increase the congruence of visitor perceptions to
ecological integrity. Such a program was not effective and observed trends suggest that there was
a marginal increase in the gap between visitor perceptions and the ecological reference,
potentially due to study flaw.
The results of this study provide several practical implications for PAs and environmental
management more broadly. Visitor values and knowledge base have previously been recognized
as important considerations for the development of environmental interpretive programs in PAs
(Falk & Adelman, 2003), but given that perceptions indirectly or directly influence visitor
behaviours (Alessa et al., 2003; Clayton et al., 2013; Gelcich & O ’Keeffe, 2016; Petrosillo et al.,
2007), it seems inherently necessary that knowledge of how visitors perceive the state of the
environment should also be fundamental to the development of environmental interpretive
programs that have ecological integrity at its core. Finally, and most noteworthy, the findings of
this study illuminate the value in comparing visitor perceptions to an ecological reference.
Specifically, such a comparison could be advantageous for management by identifying areas to
focus efforts where there are discrepancies between perceptions and ecological integrity (Hill &
Daniel, 2008; Ormsby & Forys, 2010; Pendleton et al., 2001; Petursdottir et al., 2013). It can
also be advantageous for the evaluation of interpretive programs, particularly for gauging the
degree of the influence as well as the direction. This is especially important in PA contexts when
considering that there should be alignment between visitors perceptions and ecological integrity
(Butler & Hvenegaard, 2002). In addition to the practical value, this useful approach can also be
implemented in empirical research on the evaluation of interpretive program effectiveness, to
avoid assumed successful outcomes of interpretive programs and a potential underrepresentation
of ineffective interpretive programs (Moscardo, 2014).
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As there remains a lack of clarity on the effectiveness of interpretive approaches, several
avenues for future inquiry stem from this research. Additional empirical evidence is needed to
better understand the influence of interpretive programs on perceptions of the state of the
environment. Due to the likelihood of a Type II error, this study should be replicated, ideally
with larger response rates and that responds to the limitations of this study. Future research could
also compare various types of environmental interpretive programs (e.g. guided vs non-guided
(Ren & Folta, 2016; Roberts et al., 2014a)), and how each might influence perceptions of the
state of the environment. Research is also needed that probes the potential reasons for the general
overestimation of ecosystem condition as well as the potential reasons for the observed trend in
the direction of influence from the T2 tour. The ability to shape perceptions may be determined
by whether the content or what is being communicated to visitors conforms to their values or
norms (Clayton et al., 2016). This suggests that the ability to influence perceptions may be more
nuanced and complex, and therefore, more in-depth research is needed.
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Chapter Four: General Discussions and Conclusions
4.0 Thesis Summary
Environmental management and governance require a sound understanding of the state of
the social-ecological system under consideration. Environmental status assessments are
fundamentally important to develop an initial understanding of the system, identify priorities,
inform decision making, provide evidence-based conservation, and provide baseline data for
future monitoring (Gordon et al., 2005; Mascia et al., 2014; Pullin, Knight, Stone, & Charman,
2004; Salzer & Salafsky, 2006; Stem et al., 2005; Sutherland et al., 2004). Just as valuable as the
ecological dimensions to the sustainable management of our environments are the human
considerations (Bennett et al., 2016; Clayton et al., 2016, 2013). Knowledge of how people
perceive the ecological integrity of their surrounding natural environment is valuable as it allows
managers to gauge visitors or the public that interact with the area; information that is related to
and can inform other important social considerations such as education, support for conservation,
and visitor behaviours (Alessa et al., 2003; Petrosillo et al., 2007). The ecological and social
considerations of the state of our natural environments are essential in a range of contexts, one
example being parks and protected areas.
This thesis began to explore some of the unanswered research questions, tensions and
voids identified in Chapter One. The first objective associated with the purpose of this thesis was
to compare and relate an ecological assessment of ecological integrity with perceptions of
ecological integrity and identify distinctions among groups. Study One addressed this first
objective by comparing a suite of ecological measures to perceptions of two groups. Ecological
data was gathered on the current ecological state of a PA in the Niagara Region of Canada, and
surveys were administered to measure perceptions of experts and visitors. The second objective
associated with the overarching purpose was to examine the influence of an environmental
interpretation program on how visitors perceive ecological integrity in relation to measured
ecological integrity. Study Two addressed the second objective. Building on the findings of
Study One, the collected ecological data was compared to the perceptions of visitors that did not
receive any educational intervention as well as to the perceptions of the visitors receiving one of
two different educational interventions (i.e. interpretive program).
This Chapter synthesizes and discuss the findings of both studies of the thesis, presented
and structured in line with the key questions identified at the outset of this thesis (Chapter One).
The contributions of the research in relation to the overall purpose and objectives of the thesis
are then discussed. The Chapter and thesis conclude with noteworthy considerations and critical
reflections that emerged from the research, transitioning to opportunities for future research as
well as recommendations for practice.
4.1 Synthesis and Discussions
Assessing Ecological Integrity
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Study One responded to questions as well as scholarly tensions that exist regarding
different approaches to ecosystem assessment and what constitutes evidence (Adams &
Sandbrook, 2013; Mackinson, 2001). Using stakeholder or expert perception-based assessments
of the environment can overcome some of the barriers associated with traditional assessments
(Danielsen et al., 2010; Keith et al., 2011; Yasué et al., 2010). However, there have been
critiques about the bias, subjectivity, accuracy, and reliability of these types of assessments,
resulting in reluctance to use perception-based and other alternative approaches (Adams &
Sandbrook, 2013; Mackinson, 2001; Oba & Kaitira, 2006; Rogers & Biggs, 1999). Few studies
have compared perception-based methods with traditional methods, especially in the context of
terrestrial forest PAs. In response, Study One compared different forms of assessment: expert
perception-based methods with more conventional, ecological methods.
Two interesting and somewhat opposing findings emerged from Study One. The findings
of Study One support some of the current literature on the use of perception-based assessments;
in that these methods can be useful as a proxy for conventional approaches in certain cases
(Cook et al., 2010; Mackinson, 2001; Yasué et al., 2010). At the same time, there is also
potential value in the differences between expert perceptions and ecological data (Adams &
Sandbrook, 2013; Yasué et al., 2010). Experts’ prolonged exposure to the site and development
of perceptions over time, as well as the ability for experts’ assessments to be more
comprehensive than rapid ecological assessment, offer value to ecosystem status assessments.
The findings from Study One agree with previous studies in that integrating social
evidence, specifically perceptions, can provide a more holistic understanding of social-ecological
systems, and contribute variation in perspectives (Berkes et al., 2003; Forster et al., 2017).
However, Mackinson (2001, p. 541), identifies a challenge in using a combination of evidences,
stating the “inability to incorporate it in a holistic meaningful way”. The findings from Study
One illuminate a possible route forward to begin to incorporate both types of data in a
meaningful way, although further research is needed that probes the complexities of the findings.
Study One demonstrates that if perception assessments are to be used as a substitute to overcome
the barriers of traditional monitoring (Cook et al., 2010; Danielsen et al., 2010), perceptions
should be considered in relation to ecological data to determine where there is alignment
between both approaches. In other situations, diverse forms of evidence should be used to
complement each other, drawing on both to provide a more comprehensive assessment and ‘fill
in blanks’ in a reciprocal manner (Gouveia et al., 2004; Mackinson, 2001; Yasué et al., 2010).
Furthermore, collection of both types of data enables a critical consideration and reciprocal
verification of both data (Yasué et al., 2010).
Congruence of Perceptions to Ecological Data
The use of perceptions in conservation has gained momentum recently as scholars
recognize the potential for overcoming management barriers as discussed above, as well as other
wide-ranging social implications that perceptions research can offer (Bennett, 2016; Gelcich & O
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’Keeffe, 2016). Knowledge about how people perceive the state of the environment allows
managers to gauge the public that interact with the area and can inform various aspects such as
developing support for conservation (Burger et al., 2017; Patel et al., 1999; Petursdottir et al.,
2013; Yasué et al., 2010). Perceptions of environmental quality affects peoples’ engagement in
recreational activities or desire to visit the area, and simultaneously influences visitor actions that
can impact environmental quality (Pendleton et al., 2001). Though valuable, information on
visitor perceptions may be misleading if not understood in relation to measured ecological
integrity. Despite some scholars recognizing the importance of comparing perceptions to
ecological data (Patel et al., 1999), there is a lack of evidence that exists on the congruence of
perceptions to ecological data. The findings of Study One and Two contribute to the need for
exploratory research comparing perceptions with ecological data.
Overarching findings from both studies have demonstrated that people generally did not
perceive the environment in a way that aligns with ecological data, whether it be the perceptions
of experts, visitors, or people subject to interpretive programming. Generally, visitors (whether
exposed to an interpretive program or not), overestimated the condition of the environment in
relation to the measured assessment, even more so for those participating in some form of
interpretive program. Consequences of this overestimation of ecological integrity are obvious
when considering the influence of perceptions on interactions with the environment (Alessa et
al., 2003; Pendleton et al., 2001). As well, public perceptions of ecological integrity that run
counter to management objectives regarding ecological integrity could lead to conflicts and lack
of support for management (Hill & Daniel, 2008; Shultis & Way, 2006).
Both studies of the thesis also draw attention to the potential benefits obtained from
comparing ecological measurements to how the environment is perceived by people; an
important contribution of this thesis to scholarship and practice. Critical differences between
ecological data and perceived state of ecological integrity were illuminated by Study One and
Study Two. Study One highlights the value in comparing relevant stakeholders and experts’
perceptions to ecological data. Study One and Two make clear the value in comparing the
perceptions of visitors/the public, to identify discrepancies and allow for opportunities to work
towards aligning visitor perceptions with ecological integrity. Study Two underscores the
importance for why managers should monitor the effect of education programs using ecological
data as a reference, as it provides a benchmark to evaluate the effectiveness of an educational
intervention. This reference is especially important to prevent the misinterpretation of results that
the educational intervention was successful.
Intergroup Differences
Research that examines intergroup differences is not novel in conservation scholarship.
Previous research ranges from how groups differ in their values (e.g. Burger, 2002), to their
aesthetic preferences (e.g. Le Lay, Piégay, & Rivière-Honegger, 2013). How different groups
perceive a specific natural environment has received considerably less attention, but could be
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argued as being just as important for understanding other group differences such as preferences
of management actions (Albert et al., 2013). Study One responded to the need for empirical
research on group differences in how the state of the environment is perceived.
Study One findings suggest that groups, specifically experts and visitors, differ in how
they perceive the state of the environment. The fact that experts generally had lower estimates of
ecological integrity and visitors had much higher estimates of ecological integrity illustrates the
potential challenges that often play out in recreational settings that are used by a variety of
groups. These findings could have implications in terms of gauging how different groups might
respond to management initiatives as well as their opinions of management priorities; important
information for developing public support (Albert et al., 2013; Eagles et al., 2013; Hill & Daniel,
2008). It can also inform on potential areas of disagreement and driving factors for
disagreements between groups. Thus, it is particularly important for building consensus,
especially in the context of the trend towards multi-stakeholder governance approaches (Albert et
al., 2013; Burger, 2002; Eagles et al., 2013; Forster et al., 2017). This is all to say that, in
addition to researching differences in values, aesthetic preferences, and attitudes between groups,
how groups perceive the state of the environment should also be a focus for scholarship and
practice (Albert et al., 2013).
Influencing Perceptions and the Role of Interpretive Programs
Recognizing the importance of visitor perceptions as described in section 1.0.2 (Chapter
One), whether managers of natural areas are able to influence how people perceive the state of
the environment is a worthwhile question and area for investigation. Scholars have studied
interpretive programs in a PAs context on the influence on visitor knowledge and beliefs (e.g.
Beaumont, 2001; Marion & Reid, 2007; Powell & Ham, 2008), however, it is exceptionally rare
that the effect on how people perceive the natural environment has been quantified. Study Two
empirically tested whether an interpretive program could influence how people perceive the state
of the environment.
Study Two only begins to address much larger questions of environmental interpretation
and perceptions of the state of the environment, but provides some initial evidence, from which
future research may draw (see Section 4.2.1). Study Two offered initial evidence that
participation in a guided interpretive program may not be overly effective in influencing how
visitors perceive the state of the environment. Findings agree with others who have found little to
no effect of interpretive programs (Powell & Ham, 2008; Roberts et al., 2014a; Skibins et al.,
2012) and reveal that the effectiveness of interpretive programs should not be assumed
(Moscardo, 2014). At the same time, observed trends suggest guided interpretive programs
designed in such a way to direct attention might have a marginal influence on perceptions, but
more research is needed with larger sample sizes. As discussed above, the findings of Study Two
reveal the value of an ecological benchmark for inferring the direction of this influence. This is a
unique contribution to the literature, and will likely have implications for evaluation of
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interpretive program effectiveness scholarship, and for practitioners designing communication
and education in line with ecological integrity (Butler & Hvenegaard, 2002).
4.2 Conclusions
Four key research questions, arising from scholarly tension regarding approaches to
M&E (Bennett, 2016; Danielsen et al., 2010; Forster et al., 2017; Pullin & Knight, 2003), the
trend toward the inclusion of the social sciences in conservation (Bennett et al., 2016, 2017;
Clayton et al., 2016), and the need to engage and influence populations, framed the inquiry. In
response, this research aimed to examine the ecological and social aspects of the state of the
environment, to advance the completeness and understandings of social-ecological systems.
In relation to this overarching purpose, overall findings emphasize the need to consider
both the ecological and social evidences, and especially the respective evidence in relation to
each other. The complexity of social-ecological systems requires a range of perspectives (Berkes
et al., 2003). Study One revealed it is valuable to use a combination of ecological and social
methods and perspectives to provide a more comprehensive picture of the context of the system.
Ecological information undoubtably plays an important role, but complexity in social-ecological
systems requires the recognition of qualitative understandings (Berkes et al., 2003). Study One
and Study Two highlight the advantages of collecting social information on how different groups
perceive the environment and underlines the importance of social components to the ecological
management of the ecosystem. The thesis demonstrated the importance of examining the social
evidence in relation to ecological evidence, to provide a more comprehensive understanding of
the state of the system, but also to inform other aspects of management (e.g. creating education
programs, evaluation of education programs, etc.) (see section 4.1). Finally, the thesis reinforces
that ecological and social components of ecological integrity are extremely intertwined.
4.2.1 Critical reflections about the research
Limitations are restrictions or constraints to the research that are out of the researcher’s
control but that may affect internal validity (Ellis, 2009). While best efforts were made to
overcome identified limitations, there are opportunities for future research to replicate and
elaborate on this research and address these limitations. One noteworthy limitation was the small
sample size of both the expert group in Study One, and the tour groups in Study Two. The expert
group size was limited due to the fact that there were a limited number of individuals who met
the requirements outlined for the expert group. The low number of participants for the tour
groups in Study Two was due to the lower than expected interest and registration for tours. Best
efforts were made to advertise tours and increase participation with incentives, however, the
numbers remained low. The results and lack of significant relationships in Study Two should be
taken with caution due to the low statistical power and small sample sizes (Lee, 2013).
The implementation of an ecological integrity assessment was also limited. The time and
financial restraints of this research restricted the measurements for ecological integrity across the
temporal and spatial scales that are recommended for comprehensive ecological integrity
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assessments (Environment and Climate Change Canada, 2017; Wurtzebach & Schultz, 2016).
Thus, it is recognized that the ecological integrity assessment may not address the complexity of
the system and may not be representative at larger scales or across time (Dale & Beyeler, 2001).
As well, rapid assessments were used to provide a timely ‘snapshot’; however, it is critical to
acknowledge that the ‘snapshot’ reliability is often limited (Stem et al., 2005).
Other potential sources of error also exist, particularly in regard to some of the protocols
implemented for the ecological integrity assessment. Sources of error may exist in species
detectability, and sampling method (Brown & Williams, 2016; Magnussen & Mcroberts, 2011).
For example, it is noted that there may be issues with species detectability due to the mismatch
between surveying time and flowering ephemeral plants (Anderson, 2012; Schulz, Bechtold, &
Zarnoch, 2009). Another source of error pertaining to sampling method is the selection of
sampling sites. Random sampling methods were used to reduce sample selection bias (RobertsPichette & Gillespie, 1999). However, sites were limited due to the extremely rugged terrain and
inaccessibility of a variety of preselected points (due to vertical cliff faces, large boulder walls,
or steep descending terrain). Finally, there is potential source for error in ecological observer
variability and reliability (Brown & Williams, 2016). Efforts were made to reduce the potential
for error including using all available resources and expert verification when needed and
repeating measurements for reliability. and maintaining consistency in observers (Archaux et al.,
2006). Ecological field measures were collected by four research assistants. Every effort was
made to maintain consistency in the measurements that observers would take. As well,
measurements taken by different observers were compared to identify outliers and potentially
identify any source of error in surveying method.
4.2.1.1 Recommendations for scholarship, future research and practice
Several avenues for scholarship, future research, and practice stem from this thesis.
Recommendations offered in this section are done so in concert given their inherent
interconnections. They generally address environmental management and governance, with the
context of PAs highlighted throughout. Particular attention is directed to addressing some of the
limitations inherent in the thesis. Site specific recommendations are also made.
Environmental Status Assessments
Much more empirical evidence is needed to meaningfully address the four questions and
associated tensions in the scholarship that framed this study. In particular, there is an acute need
for evidence on alternative approaches to M&E and the relationships between stakeholder
perceptions and ecological assessments. Other alternative approaches to M&E requiring
examination include LEK, community participation and citizen science (Albert et al., 2013;
Danielsen et al., 2010; Gouveia et al., 2004; Mackinson, 2001; Mascia et al., 2014), and doing so
will enable their comparison.
Study One revealed as many questions as answers. For example, it remains difficult to
tease apart in which cases experts are perceiving something differently than it is (perhaps
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influenced by subjective social, political, or psychological factors (Yasué et al., 2010)), or in
which cases the experts’ perceptions may be complementing ecological data in meaningful ways.
These questions echo questions of other scholars such as Bennett (2016, p.584), such as, “what
formats should monitoring and evaluation protocols take in different contexts…” and “when are
other forms of evidence complementary or as or more valuable for guiding conservation
actions”? Future research should explore the situations and contextual settings in which
perception-based methods are valuable and to examine the qualities of the cases in which
perceptions align with ecological data. Recognizing that perception-based methods should be
considered in relation to the context of the situation (Adams & Sandbrook, 2013), an in-depth
examination of expert perceptions with interviews or more qualitative methods to further probe
and understand the development of perceptions would be insightful. In essence, a more in-depth
analysis of experts’ perceptions and how they relate to ecological assessments in needed to
deepen the understanding for how these evidences can support and inform each other and how
best to use a combination of evidences in a meaningful way (Yasué et al., 2010).
Comparing expert perceptions of the state of the environment to ecological data has
highlighted the importance of implementing this type of comparison in practice. Practitioners
may find it useful to follow the method outlined by Study One, that is, to conduct a rapid
environmental status assessment, and conduct surveys to collect information on perceptions of
the environment. There are several benefits to implementing a similar comparison in practice,
such as: providing current and baseline ecological data, developing a self-awareness of experts
and stakeholders’ perceptions in relation to this assessment, identifying components of
ecosystem assessment that may be suitable for expert perception-based assessment in place of
conventional assessments, and providing more comprehensive status assessments.
Further Exploring Perceptions
Chapter One provided suggestions for the use of the term “perceptions” and its associated
assumptions in conservation. The conceptualization and operationalization of perceptions in
conservation should continue to be refined, benefitting from the existing extensive research on
perceptions in the cognitive and social psychology domains (Brössel, 2017). More broadly,
psychology and conservation should continue to inform each other for environmental issues
beyond the use of perceptions (Clayton et al., 2013).
While causal links between how people perceive and subsequently interact with their
environment and/or the links between perceptions and other factors were beyond the scope of
this thesis, they are opened opportunities for research to investigate. For example, future research
could investigate the connections and reciprocal relationships between how people perceive an
environment and their beliefs, values, and behaviours; strengthening the understanding of and
evidence for the connections between perceptions and other factors (Jefferson et al., 2013).
One recommendation for practice is that in addition to ecological monitoring, PA
managers should also monitor social components, specifically perceptions, over time, and that
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these evidences be evaluated in relation to each other. Implementing a method similar to Study
One and Study Two, specifically to survey and collect information on visitor perceptions, can:
provide baseline data on visitor perceptions and inform education efforts or other management
activities.
Interpretive Programs and Environmental Education
As described in Section 3.3 (Chapter Three), there are acknowledged limitations of this
research in terms of environmental interpretation and the relationship with the perceptual
experience. The lack of significant effect of the interpretive program on perceptions in Study
Two suggests that perhaps different interpretive techniques or approaches should be tested, and
specific techniques effective in altering perceptions identified. Different environmental
educational (or educational in general) theories and concepts should also be explored specifically
in relation to how people perceive the environment.
The complexity of environmental learning means there are several opportunities for
future work in interpretive programs, and environmental education more broadly in a PAs
context. In examining the influence of interpretive programs on the perceptual experience and
the ensuing knowledge change or other outcomes, research would benefit from mixed-method
(Lavrakas, 2008). The use of closed-ended survey questions was used in this research due to the
scope of the project, and to ensure consistency and comparability with the ecological measures.
Future work should further probe the learning and perceptual experience with qualitative
methods such as open-ended questions and/or interviews. The environmental learning experience
is also affected by motivations, values, norms, beliefs, and ages (Rickinson et al., 2009), which
are important factors to consider in future work. Lastly, despite the distinct characteristics of
environmental interpretation and environmental education, interpretive programs in PAs would
benefit from environmental education and environmental learning scholarship (Uzzell, 1998).
There are a few practical recommendations pertaining to environmental education and
interpretive programs. Environmental education, communication, and interpretation should be
informed by how people perceive the environment, as well as by measured ecological integrity.
Practitioners should monitor the influence of education or interpretation on visitor perceptions
using the baseline data and ongoing survey collection. Interpretive programs and approaches
should also be constantly adapting to the measured state of ecological integrity, to visitor
perceptions, and to program effectiveness evaluation.
Investigating How Ecological Integrity is Operationalized
The thesis illuminated several issues for future scholarship in terms of how ecological
integrity is defined and operationalized. First, there is a lack of consensus on how it is defined
and conceptualized (Andreasen et al., 2001). Some approaches to ecological integrity emphasize
the natural state, and would suggest that even though a system impacted by humans may be
functional, it is not within the natural state and would not have integrity (Roche & Campagne,
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2017). Others have emphasized the human role in social-ecological systems, referring to integrity
as resilience in the face of these interactions (Andreasen et al., 2001). Clearly, these different
conceptualizations of ecological integrity present challenges in how it is assessed.
Second, the implementation of an ecological integrity assessment proved to be
challenging, particularly for rating indicators. In ecological integrity assessments, measurements
are often rated in relation to an acceptable range of variation, sometimes referred to as a natural
range or historical range (Brown & Williams, 2016; Gordon et al., 2005; Parks Canada, 2017;
Parrish et al., 2003). Using historical data to determine acceptable ranges can be problematic, as
there is often a lack of historical data, and existing data is often limited or site-specific
(Wurtzebach & Schultz, 2016). In the case of this research, with the exception of an ephemeral
inventory conducted one spring, the NGNR had no historical ecological data recorded for the
site. Furthermore, much of southwestern Ontario’s forests no longer resemble the historically
natural range, prompting critiques of the relevance of assessing post-industrial forests using
historical ranges (Andreasen et al., 2001; Ministry of Natural Resources, 2000; Wurtzebach &
Schultz, 2016). Historical ranges also seem impractical in the context of the Anthropocene
(Wurtzebach & Schultz, 2016). The unprecedented changes induced by climate change and other
anthropogenic forces are changing species composition and other ecosystem attributes in
unprecedented ways (Polasky et al., 2011). The production of new ecosystems presents a whole
new challenge for identifying relevant ranges for indicators (Wurtzebach & Schultz, 2016), and
the unpredictability of ecological responses means that it is difficult, if not “impossible to define
a ‘natural’ or ‘native’ ecosystem” (Shultis & Way, 2006, p. 227).
Reference sites were also considered as an option for identifying natural ranges of variation
for this research. However, the NGNR is an exceptionally unique site, geologically,
geographically, and biologically. There were virtually no other accessible, similar sites with
available data comparable to the NGNR. Because of its popularity and tradition as a tourist
attraction, it is also unlikely that the NGNR would eliminate all recreational use and revert to a
site of preservation. Therefore, it does not seem relevant to compare a recreational site to a
‘natural’ reference site that has no human interaction (LaPaix et al., 2009; Wurtzebach &
Schultz, 2016). It became apparent that it would be virtually impossible to determine ranges of
variation for certain indicators in the Glen.
These challenges experienced in this research illustrate a challenge that is likely to be faced
by many practitioners. There is a lack of clarity for practitioners on how best to evaluate
indicators in the absence of historical data, applicable reference sites, capacity to engage in the
extensive background research required, and/or the presence of irreversible damage and
improbability of eradication of all negative impacts. The following recommendations provide
potential pathways forward for practitioners when faced with such challenges.
Ranges of variation can be identified using expert opinion (Andreasen et al., 2001),
although some scholars have recognized the potential for bias in converting the raw data to a
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rating (Brown et al., 2016). Previously, environmental condition as well as thresholds for
assessment have been framed in terms of management goals (Patel et al., 1999; Wurtzebach &
Schultz, 2016). This framing offers an alternative, and perhaps more practical approach,
particularly in adaptive management contexts (Rempel et al., 2016). This approach was used in
this thesis research, using definitions adapted from Gordon et al. (2005), however, it was noted
by managers that it was still a challenging exercise. Others have also suggested that acceptable
ranges be reframed in terms of ‘sustainable’ ranges (Andreasen et al., 2001). Despite these
recommendations, thresholds and boundaries are difficult to operationalize in site-specific,
uncertain, complex and non-linear systems (Polasky et al., 2011). More broadly, management
objectives that are more qualitative in nature may be more appropriate for social-ecological
systems, rather than quantify a desired range (Berkes et al., 2003).
Overall, it is quite evident that there is a need to continue to develop and refine how
ecological integrity is conceptualized and operationalized (Brown & Williams, 2016; LaPaix et
al., 2009; Rempel et al., 2016; Wurtzebach & Schultz, 2016). The lack of scholarly consensus
and conceptual ambiguities on ecological integrity has created a messy and unclear situation
(Andreasen et al., 2001). The challenges with evaluating raw data in relation to a determined
range has further complicated the situation for practitioners. Although referring to the challenges
associated with developing an index of ecological integrity, Andreasen et al. (2001), admit that
ecological integrity is a developing area of research, rather than a perfectly developed tool that is
ready for implementation.
Site Specific Recommendations
The NGNR and the NPC can specifically benefit from the results of both studies,
informing practice relating to the four key questions identified in Chapter One. The
recommendations presented here are in addition to the general recommendations for practice
discussed above. Experts in the community (park staff, naturalists, and relevant stewards to the
area) could offer important insights to the environmental status of the NGNR. The lack of
historical data at the NGNR prevented the assessment of trends, but expert perceptions can
potentially offer insights to fill these gaps. Perception-based methods of ecosystem status
assessments can be relevant for assessments of ecosystem composition to reduce costs and time
associated with M&E. Survey data also provides the NGNR with important information.
Managers should use the results of the survey and how visitors perceive the state of the
environment to inform future education or communication efforts. For example, results suggest
that visitor perceptions were least congruent for ecosystem composition. Future education and
communication should focus on aspects of composition, such as identifying invasive plants. As a
recreational PA, the site is used by a variety of groups, and there has previously been existing
tension between groups regarding the use of the site. For example, some of the ‘experts’ believe
site access should be reduced, and bouldering limited, whereas visitors have opposed the
implementation of paid parking (implemented to reduce visitor numbers). The results help to
explain some of these conflicts. It is recommended that the NPC use these findings to understand
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the broader social context of the groups that interact with the NGNR and use the findings to
inform communication efforts to mitigate conflicts and disagreements between the groups.
Finally, the tour that has been traditionally implemented by the NGNR (T1), as well as the
experimental tour (T2), did not have an effect on how visitors perceive the environment. The
NGNR may want to consider implementing a tour with content that aligns with the assessment of
ecological integrity as well as other possible interpretive programs to influence perceptions.
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Appendices

Appendix 2-1: Physical Measurements Protocols and Procedure

Phase 1 – Selecting Indicators
Following the process outlined by Parish et al., (2003), biodiversity targets were
identified through discussions with two key individuals with extensive familiarity with the
NGNR. Three invasive species and targets of structure were identified and key attributes and
indicators were identified from the targets. These indicators were developed through an iterative
process and in consultation with the organization, professionals in the field and experts on the
site, as well as an expert on Carolinian forest ecology. While many relevant indicators were
identified, due to logistics and limitations of a Master’s level thesis, indicators were narrowed
down based on feasibility. For example, while a rare vascular plant inventory or comprehensive
invasive count would be relevant for the site, it was not feasible given the scope of the project,
the limited resources, the limited time, and the comparability with human perceptions. See Table
A.2.1 below for the final list of selected indicators. Following identification of indicators,
acceptable ranges of values for each indicator were developed in consultation with experts. See
Table A.2.2 below for definitions of ratings. Due to challenges faced during this process,
management objectives were used to frame the acceptable ranges for each metric (Wurtzebach &
Schultz, 2016). See Chapter Four for an in-depth discussion of this challenge.

Table A.2.1.
The Indicators Selected for an Ecological Integrity Assessment of the Niagara Glen Nature
Reserve
Component
Attribute
Indicator
Structure
Ground Structure
Bare Soil/Ground Cover
Vegetation Structure
Canopy Cover
Tree Health (% declining)
Tree Health (Stem defects)
Function
Soil processes
Soil pH
Soil Compaction
Stressors
Vegetation Trampling
Composition
Biodiversity
Ground Vegetation Diversity
Tree Diversity
Invasive Species
Buckthorn Cover
Garlic Mustard Cover
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Table A.2.2.
Definitions for Rating Indicators Based on Management Objectives
Rating
Definition
Very Good
The indicator is functioning within an ecologically desirable status,
requiring little human intervention for maintenance within the acceptable
range of variation
Good
The indicator is functioning within its range of acceptable variation,
although it may require some human intervention for maintenance
Fair
The indicator lies outside of its range of acceptable variation and requires
human intervention for maintenance. If unchecked, the target will be
vulnerable to serious degradation
Poor
Allowing the indicator to remain in this condition for an extended period
will make restoration or prevention of extirpation of the target practically
impossible (e.g., too complicated, costly, and/or uncertain to reverse the
alteration
Adapted from Gordon, Parrish, Salzer, Tear, & Pace-Aldana, (2005)

Phase 2 – Selecting Sites
The Niagara Glen Nature Reserve was selected as a site due to the high number of
visitors as well as the ecological significance of the area. Using a Natural Areas Inventory and
SOLRIS data of the Niagara Region, the site was identified under the NAI as being classified
under “forest” with some open rock near the shoreline. According to SOLRIS data, the Niagara
Glen was classified as deciduous forest with some small swamp areas. Land classification data
was used to stratify the land to minimize variance within sites (Schulz et al., 2009). Deciduous
forests were of interest to this study.
20m by 20m stand-alone plots were used to monitor canopy tree diversity and other
measures. Five nested 1m by 1m quadrats were used within and around the 20m x 20m plot to
measure ground vegetation biodiversity and ground cover (Credit Valley Conservation, 2010;
Roberts-Pichette & Gillespie, 1999). Soil measurement locations were also determined using the
recommended protocols (See Figure A.2.1). The number of plots were determined by the time
and resources available. As a result of the smaller size of the stand, and the limited field season
and resources, ten sample plots were used. Ten plots is the recommended minimum for southern
forests (Roberts-Pichette & Gillespie, 1999).

85

1
20m

1
2m

4

5

2

- 1mx1m quadrat
- soil sampling
location

3

Figure A.2.1. Diagram of 20m x 20m plot with nested 1m x 1m quadrats and soil sampling locations

The plot locations were randomly selected following the procedures described by the
EMAN Terrestrial Vegetation Monitoring Protocols (Roberts-Pichette & Gillespie, 1999).
EMAN Protocols recommend that a map of the site be overlaid with a grid and the sites
randomly selected. A satellite image of the NGNR was imported into ArcGIS software as well as
the SOLRIS inventory outline of deciduous forest. Using the satellite images, a polygon was
created by tracing the Glen boundaries, considering topography and NGNR trails (See Figure
A.2.2). The area of the polygon was found to be 2.19ha. Using the “Create Fishnet” tool, a grid
was overlaid on the polygon of the NGNR. Following EMAN protocol which states that sample
points must be at least 50m apart, 50m x 50m cell size was selected to ensure that the points
selected were at least 50m apart, as points that were selected that were closer than 50m to each
other could be easily identifiable. Each center point of the grid had corresponding coordinates
and each center point was given an ID. A random number generator was used to randomly select
IDs. The randomly generated numbers became sample points in the order they were selected. If a
sampling point did not meet the criteria, the next randomly generated number was used. This
process continued until ten sample points were selected that met the sampling criteria. The
sampling criteria was determined using EMAN protocol and included the following: Should be
at least 50m from other sampling points, center point must be 3x the canopy height from the
stand edge (or in this case the Niagara River and the cliff). Plots were also eliminated due to
extreme slopes and Niagara Escarpment cliffs that made it virtually impossible to access or
survey the selected location. Each point became the center point of the plot, and 20mx20m plots
were measured out from these center points.
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Figure A.2.2. Satellite image of the Niagara Glen Nature Reserve overlaid with a sampling grid. The
polygon of the relevant forest stand is outlined by the grey border. The numbered yellow dots represent
the center points of 50m x 50m grid that was overlaid on the polygon. The sampling points were selected
based on a random number generator.

Indicators
Ground Cover
Estimated ground cover was recorded for each of the five nested 1mx1m quadrats within
each 20m x 20m plot. The percent cover of shrub/herbaceous cover, large organic debris, fine
woody debris, bare soil, exposed rock, and leaf litter were recorded (Ruiz-Jaen & Aide).
Canopy Cover
To obtain the measurements for canopy cover, a convex (model A) spherical densiometer
was used as it is a cost-effective rapid assessment (Fiala, Garman, & Gray, 2006; Lemmon,
1957). It is noted that scholars have critiqued the use of spherical densiometers due to
overestimation bias (Cook, Stutzman, Bowers, Brenner, & Irwin, 1995). Standard procedures for
convex densiometers were followed; specifically, the observer counts the number of imaginary
dots on a grid that are covered by canopy (Cook et al., 1995; Lemmon, 1957). Measurements
were taken at each cardinal direction around the center point (Fiala et al., 2006).
Tree Health
Following the standardized EMAN protocols, trees (defined as those with stems of
diameter at breast height ≥ 10cm (Bavrlic & Bowers, 2005; Long, Horsley, Hallett, & Bailey,
2009; Roberts-Pichette & Gillespie, 1999)) within the plot were recorded (Schulz et al., 2009).
Each tree was measured for their DBH, and assessed on crown class, tree health and condition
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(making note of whether the tree was healthy, in decline, recently dead, or old dead and making
note of various health defects including stem defects, presence of insects and/or disease, and
crown dieback) (Bavrlic & Bowers, 2005; Environment Canada, 2004; Long et al., 2009;
Roberts-Pichette & Gillespie, 1999). See EMAN tree health guidelines for details and
classifications for tree health, crown dieback, and stem defects (Environment Canada, 2004;
Roberts-Pichette & Gillespie, 1999).
Soil pH
Soil samples were taken in midsummer to early fall (mid August/ late August) (Tan,
2005). As per requirements of soil sample testing, 300g of soil from the top 15cm of the A
horizon were taken using a bulb planter (Tan, 2005; Wheater, Bell, & Cook, 2011). Five samples
were taken from each plot. Following criteria used by the Credit Valley Conservation Authority
Ecological Integrity assessment (Credit Valley Conservation, 2010), sampling sites must meet
the following criteria: “Each site must be at least 5m away from large objects such as trees or
boulders, “saturated areas”, metal objects, changing topography, full sun exposure, and other
potential chemical sources such as garbage”. The five samples from each plot formed a
composite sample as compositing samples assumes that the composite sample is a valid estimate
of the mean of the area (Tan, 2005).
The soil samples were submitted to the University of Guelph Agriculture and Food
Laboratory for analysis. Soil samples were tested for pH, phosphorus, potassium, and
magnesium. Due to financial limitations, not all chemical analyses were able to be performed
including tests for heavy metals. Unfortunately, due to a lack of available site data or reference
data, acceptable levels for phosphorus, potassium, and magnesium were not able to be identified.
These metrics were therefore not used in the ecological integrity assessment, but will be useful in
future site assessments.
Soil Compaction
A Spectrum Technologies Soil Compaction Tester, or soil penetrometer, was used to
measure soil compaction from July 2018 to September 2018. Five soil compaction measurements
were taken at each 20m x 20m plot (Littlemore & Barker, 2001; Roberts-Pichette & Gillespie,
1999).
Vegetation Trampling
Unsanctioned trails were chosen as a proxy measure for vegetation trampling, as these
were determined to be of high relevance to managers. The presence or absence of these trails was
assessed in relation to management objectives.
Plant Diversity
Using a 1mx1m nested quadrat located within and around the 20mx20m plot, all
herbaceous and woody plant species with heights less than 1.5m were recorded (Mclachlan &
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Bazely, 2003; Roy et al., 2005; Ruiz-Jaén & Aide, 2005). Samples were taken of plant species
that were not able to be identified on site, labelling the sample and keeping the sample in shade
(Schulz et al., 2009).
Tree Diversity
The species of each tree (stems of diameter at breast height ≥ 10cm) within each 20m x
20m plot were recorded. Samples of leaves or bark were taken for verification if needed.
Percent Invasive Cover (Buckthorn, Garlic Mustard)
To collect data on percent cover of Common Buckthorn (Rhamnus cathartica) and Garlic
Mustard (Alliaria petiolata), the GRS forest densitometer instrument was used (Stumpf, 1993).
Measurements were made at 5m increments along transects in the cardinal directions (Baudry,
Charmetant, Collet, & Ponette, n.d.; Fiala et al., 2006), totalling 100 points. Binomial data was
collected for presence or absence of the species within the line of sight of the densitometer.
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Appendix 2-2: Supplemental Ecological Results

Supplemental Information on Ecological Health
In recordings of tree health, some diseases and invasive species were detected in multiple
tree species. Beech bark disease was present and very severe in some of the cases in the beech
stands. In the remaining standing ash trees, emerald ash borer evidence was present and the trees
were either in severe decline or dead. Evidence of potential butternut canker, a fatal disease
(Bavrlic & Bowers, 2005), was recorded. In addition, other declining tree features (as defined by
the OMNR) were recorded including leaf rot, crown decline, insect infestation, cankers, decay in
root collar, cavities, etc. (Bavrlic & Bowers, 2005; Environment Canada, 2004; Ministry of
Natural Resources, 2000; Roberts-Pichette & Gillespie, 1999). Results show 24.19% of the trees
had features of severe decline and an additional 25.8% had features of moderate to severe
decline. 49.9% of trees were classified as healthy.
According to the EMAN Tree Health Protocol (Environment Canada, 2004), 8 out of 9 of
the stem defects were observed including decay fungus, open wounds, cankers, and insect
damage. One third of the American Beech trees that were surveyed had evidence of Beech Bark
Disease; and it should be noted that an additional third of the beech trees surveyed were recently
dead. Out of the 6 identified ash individuals, half were in severe decline and will likely die soon,
and the other half were recently dead. Signs of emerald ash borer (D shaped holes) were
recorded for two trees that still had the bark. Recognizing the small sample size of the species,
the trees affected by cankers and/or emerald ash borer exceeds the canker and fungus threshold
of 10% (Myles, 2005). Overall, over 12% of the individual trees monitored had stem defects
which is outside this range.
Common Buckthorn (Rhamnus cathartica) was present in eight out of ten of the sampling
plots and was present in 22% of sampling points along a transect. It should also be noted that in
some locations (outside of the sampling plots), percent presence of Common Buckthorn was as
high as 54%. While Tree of Heaven (Ailanthus altissima) was not present within the plots, in
specific areas of the Niagara Glen, percent presence of Tree of Heaven was as high as 21%.
The soils were non-acidic (pH >5.4) (Casson, Eimers, & Watmough, 2012), with a range of pH
6.9 – 7.6 in the A horizon. The soil chemistry values can be seen in Table A.2.3
Table A.2.3
Soil Chemistry Results from the NGNR
Soil Chemistry Variable
Mean
pH
7.37
Phosphorus (mg/L)
5.55
Magnesium (mg/L)
562.0
Potassium (mg/L)
72.0

SD
.221
1.68
101.9
20.3

Range
6.9-7.6
3.3-8.3
410-720
44-99
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Table A.2.4.
Results of Physical Measurements: Indicators, Measurements, Ranges, and Overall Ratings
Indicator
Bare Soil
Canopy Cover
Tree Health (%D)
Tree Health (stem
defect)
pH
Soil Compaction (%
of sampling points
>300PSI)
Unsanctioned Trails
Buckthorn Cover
Garlic Mustard
Cover
Vegetation Diversity
Tree Diversity

Measured
Value (Avg)
18.3%
74.3%
24.19%

1 – “Poor”
>40%
0-25%
>30%

2 – “Fair”
21-40%
26-50%
21-30%

3 – “Good”
11-20%
51-75%
11-20%

4 – “Very
Good”
0-10%
>75%
0-10%

Indicator
Rating
3
3
2

12.9%

>90%

81-90%

71-80%

<70%

4

7.37

<5.0 or
>8.0

5.0-5.4 or 7.6
– 8.0

5.5-5.9 or 7.1
– 7.5

6.0-7.0

3

16.67%

>75%

50-75%

30-50%

<30%

4

11
22%

>2
>40%

2
21-40%

1
6-20%

0
0-5%

1
2

6%

>40%

21-40%

6-20%

0-5%

3

0.448
0.635

0 - 0.25
0 - 0.25

0.26 – 0.50
0.26 – 0.50

0.51 – 0.75
0.51 – 0.75

0.76 – 1.00
0.76 – 1.00

2
3

Table A.2.5.
Descriptive Statistics for Ecological Indicators
Mean
SD
SE
Min
Max
Indicator
Bare Soil (%)
18.34
11.85
3.75
9.0
48.0
Canopy Cover (%)
74.30
5.9
1.87
66.98
88.47
Tree Health (%D)
24.19
14.86
4.7
0
50
Tree Health (% stem defects)*
6.37
9.02
2.85
0
25
pH
7.37
.221
.07
6.90
7.60
Soil Compaction (PSI)**
169.85
46.81
14.8
114
268.0
Unsanctioned Trails***
Buckthorn Cover (%)
22.0
15.76
4.67
0
40
Garlic Mustard Cover (%)
6.0
6.99
2.21
0
20
Vegetation Diversity (0-1)
.448
.190
.060
.296
.926
Tree Diversity (0-1)
.635
.218
.0691
.25
.867
* Values represent the tree stem defects calculated from the percentage of trees at each site with
stem defects, whereas the value used to rate the indicator was the overall percentage of trees with
stem defects
** Values show the descriptive statistics for the PSI averages across the site, whereas the value
used to rate the indicator was the percentage of sampling points that were >300PSI
***Binary data (presence or absence) across sites, therefore not applicable
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Appendix 2-3: Supplemental Statistical Results

Table A.2.6
Education Field and Employment Sector for Groups Surveyed
Experts

Visitors

16.7%
4.2%
12.5%
4.2%
33.3%

16.4%
10.9%
7.3%
19.1%
0.9%

8.3%
4.2%

0.9%
3.6%
5.5%
3.6%
1.8%
10.9%
12.7%
12.7%
4.5%
2.7%

Education Field
Business, management, marketing and related support services
Education
Engineering technologies and related fields
Health professions and related programs
Agriculture and related sciences
Environment

Employment Sector
Agriculture, forestry, fishing and hunting
Construction
Manufacturing
Retail trade
Transportation and warehousing
Professional, scientific and technical services
Educational services
Healthcare and social assistance
Arts, entertainment, and recreation
Student

4.2%
12.5%

4.2%
16.7%

Table A.2.7
Chi Square Results: Demographic Differences Between Groups

Variable
Gender
Rural/Urban
Hometown
Field of Study
Education Level
Age

N
133
134
133
77
134
134

𝑿2
1.942
.271
20.294
29.213
6.608
.711

df
1
2
2
4
3
3

% cells
Sig
with
(2expected Cramer’s
sided) count <5
V
.163
0%
.121
.873
16.7%
.045
.000*
0%
.389
.000* 50%**
.616
.086
12.5%
.222
.871
25%**
.073

Sig
.163
.873
.000
.000
.086
.876
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Table A.2.8
Perceptions of the State of the Environment: Supplemental Descriptive Statistics
Group

N

Mean

SD

Median

Range

Experts

24

2.39

.591

2.45

2.08

Visitors

110

3.13

.519

3.17

2.75

96

Appendix 2-4: Survey

INFORMED CONSENT
Please read carefully before proceeding to the survey.
Date: July 1, 2018
Project Title: Understanding perceptions of the state of the environment in relation to ecological
measures: Intergroup differences and the influences of environmental interpretation
Principal Investigator:
Dr. Ryan Plummer, Professor and Director, Master’s Thesis Supervisor
Environmental Sustainability Research Centre (ESRC)
Brock University
Phone #: (905) 668-5550 Ext. 4782, Email: rplummer@brocku.ca
Student Principal Investigator:
Angela Mallette, Master of Sustainability candidate,
Environmental Sustainability Research Centre (ESRC)
Brock University
Email: am16po@brocku.ca
INVITATION
You are invited to participate in a study that involves research. The purpose of this study is to investigate
how different groups of people perceive the state of the environment and compare these perceptions to
ecological measures.
WHAT’S INVOLVED
As a participant, you will be asked to complete a short, multi-part questionnaire. The purpose of the
questionnaire is to investigate how you perceive the state of the environment during your experience in
the Niagara Glen Nature Reserve. It will begin with demographic type questions. The following sections
of the questionnaire will ask you to recall your observations on the trail and rate how you perceive the
state of different aspects of the environment. The final section will include questions about your
experience in the Niagara Glen Nature Reserve. Participation will take approximately 10 to 15 minutes of
your time and can be completed electronically via a tablet.

POTENTIAL BENEFITS AND RISKS
Possible benefits of participation include the opportunity contribute feedback based on your experience
with Niagara Parks. Possible benefits to participation may also include informing Niagara Parks education
programs. Further, you will have the opportunity to learn about the findings of the research which could
have implications on a broader scale. There also may be risks associated with participation. Participants
may feel embarrassed or insecure about their knowledge or answers to questions. If you are
uncomfortable answering any questions, you may skip over them without penalty. Responses to the
questionnaire will remain anonymous and your participation will be confidential. There are no other
known or anticipated risks associated with participation in this study.
CONFIDENTIALITY
All information you provide is considered confidential; your name will not be included or, in any other
way, associated with the data collected in this study. Furthermore, because our interest is in the average
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responses of the entire group of participants, you will not be identified individually or in any way in
written reports of this research.
Data collected during this study will be stored under password protection on the researcher’s laptop.
Access to this data will be restricted to the principal student investigator and the supervisor. Data may be
kept following the study for potential use by the principal investigator’s research group with your
permission, which can be indicated below. Data may be kept for potential secondary purposes to examine
perceptions among different groups on a broader scale. Additionally, future studies may compare
different ecological sites. Data kept for secondary purposes will be stored electronically under password
protection. Should you not wish for your data to be used by the research group for further study, the data
will be destroyed immediately upon project completion.
VOLUNTARY PARTICIPATION
Participation in this study is voluntary. If you wish, you may decline to answer any questions or
participate in any component of the study. Further, you may decide to withdraw from this study at any
time and may do so by clicking the close button at the top of the questionnaire screen. However, given the
anonymous nature of the data, once responses are submitted, they cannot be withdrawn.
PUBLICATION OF RESULTS
Results of this study may be published in professional journals and presented at conferences. Feedback
about this study will be available from Angela Mallette, who can be contacted at am16po@brocku.ca
once the study has been completed.
CONTACT INFORMATION AND ETHICS CLEARANCE
If you have any questions about this study or require further information, please contact Angela Mallette
using the contact information provided above. This study has been reviewed and received ethics clearance
through the Research Ethics Board at Brock University (File number: 17-405). If you have any comments
or concerns about your rights as a research participant, please contact the Research Ethics Office at (905)
668-5550 Ext. 3035, reb@brocku.ca
Thank you for your assistance in this project.
a) I agree to participate in the study described above. I have made this decision based on the
information I have read in the Informed-Consent Letter. I understand that I may withdraw this
consent at any time
b) I do not wish to participate in the study

The use of responses as secondary data for future studies:
a) I permit my responses to be kept indefinitely after the study is completed and used as secondary
data for use in future research studies by the research team of the principal student investigator
and student’s supervisor.
b) I would not like my responses to be kept or used as secondary data in future studies by the
research team of the principal student investigator and student’s supervisor (data will be
destroyed immediately after the study is completed).
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INSTRUCTIONS
Please go through each section and select the answer that you feel best applies. The first section includes
questions regarding demographic information. The following sections will ask you to rate how you
perceive the state of the environment on a variety of different attributes. Please answer the questions in
your own opinion and to the best of your ability. The last section will include questions about your
experience on the trails.
Your responses will remain anonymous and confidential. You have the right to withdraw from the
questionnaire at any time and may do so by clicking the close button. The questionnaire should take
approximately 10 - 15 minutes to complete

Section 1: General Information
The following section is designed to gather basic demographic information. Please complete the
following questions by selecting the answer that most closely applies to you.
1. How old are you?
a) 18-24
b) 25-29
c) 30-34
d) 35-39
e) 40-44
f) 45-49
g) 50-54
h) 55-59
i) 60-64
j) 65+
2. Are you:
a) Male
b) Female
c) Prefer not to identify
3. Where do you currently live?
a) Niagara Region
b) Greater Toronto Area
c) Other Ontario region
d) Other Canadian province
e) United States of America
f) International
[If responded that they live outside the Niagara Region]
4. How long are you staying in the Niagara area?*
a) 1 day
b) 2 or 3 days
c) 4 days to a week
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d) Longer than a week
5. How would you describe where you live?
a) Urban
b) Suburban
c) Rural
6. What is your highest level of education (completed)?
a) Elementary
b) High school diploma or equivalent
c) Vocational/technical school
d) Some college/university
e) Associate degree
f) College diploma
g) Bachelor’s degree
h) Master’s degree
i) Doctoral degree
j) Professional degree (MD, JD, etc.)
k) None of the above
[If they answered c) through j)]
7. What was your major field of study?
a) Business, management, marketing and related support services
b) Education
c) Engineering technologies and related fields
d) Health professions and related programs
e) Social sciences
f) Psychology
g) Computer and information sciences and support services
h) Liberal arts and sciences, general studies and humanities
i) Biological and biomedical sciences
j) Visual and performing arts
k) Mechanic and repair technologies
l) Family and consumer services/human sciences
m) Personal and culinary services
n) Construction trades
o) Transportation and materials moving
p) Security and protective services
q) Agriculture and related sciences
r) Environment
8. Are you currently employed?
a) Employed full or part time
b) Unemployed
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c)
d)
e)
f)
g)

Retired
Homemaker
Self-employed
Unable to work
Student

9. [If answered a) or e)] Which sector best describes your employment?
a) Agriculture, forestry, fishing and hunting
b) Mining, oil and gas extraction
c) Utilities
d) Construction
e) Manufacturing
f) Wholesale trade
g) Retail trade
h) Transportation and warehousing
i) Information and cultural industries
j) Finance and insurance
k) Real estate
l) Professional, scientific, and technical services
m) Waste management and remediation
n) Educational services
o) Healthcare and social assistance
p) Arts, entertainment and recreation
q) Accommodation and food services
r) Public administration
s) Student
t) Environment (other)
10. What mode of transportation did you use to arrive at the park?*
a) Car
b) Bike
c) Walk
d) Public transit
e) Tour bus
11. What trails did you use? Select all that apply:
a) River Trail
b) Terrace Trail
c) Bouldering trail
d) Cobblestone trail
e) Trillium Trail
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f) Cliffside Trail
g) Woodland Trail
h) Eddy trail
i) Whirlpool trail
12. How would you rate your overall experience at the Glen?*
a) Poor
b) Fair
c) Good
d) Very Good
e) Excellent

Section 2: Perceived State of the Environment
Please answer the following questions in your opinion and to the best of your ability from what
you remember. Rate how you perceive each aspect of the environment using "Poor", "Fair",
"Good", and "Very Good". Don't hesitate to use "Poor" or "Very Good".
Poor: Exceptionally bad state, not in its natural state (e.g. a polluted lake)
Fair: It is not in its natural state and is in danger of being in a poor state. (e.g. high chemical
levels, becoming a polluted lake)
Good: In a natural state, but satisfactory condition. May need human intervention. (e.g. wetland
or pond in its natural state but would benefit from restoring a fish habitat)
Very Good: It is in its natural state, or how it should be found in nature (e.g. thriving coral reef
in its natural state)
No Recollection: Please only use the "no recollection" option if you have absolutely no
recollection. Otherwise do your best from what you remember.

13. 'Biodiversity' can be defined as the variety of living things in an ecosystem. After
walking along the trail, recall the different species of animals (including insects, birds,
mammals, reptiles) you saw, or heard on your walk. How would you rate the diversity (or
variety) of animals in the Niagara Glen?
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection
14. Recall the plants that you saw on the forest floor (i.e. the ground). Think of the number of
different kinds of plants. How would you rate the variety of vegetation?
a) Poor
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b)
c)
d)
e)

Fair
Good
Very Good
No recollection

15. Recall the forest canopy cover (i.e. if you look up, how much of the sky is covered by
tree canopy). Based on your observed walk, how would you rate the condition of the
forest canopy?
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection
16. Recall the trees you observed on your walk. Think about everything you noticed about
the trees (e.g. height, width, bark, presence or absence of leaves). How would you rate
the condition of trees in the Niagara Glen?
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection
17. You likely looked down at the trails as you walked. Recall your observations of the soil.
Consider qualities of the soil such as colour, fallen leaves, amount of soil, smell, and
whether it was wet or dry. How would you rate the quality of the soil?
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection
18. Recall what you noticed about the cover of the forest floor. (e.g. Was it mostly covered
by plants, exposed soil, rock, and/or fallen leaves?) How would you rate the condition of
the forest floor?
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection
19. Did you observe any fallen logs or trees on your walk? Based on your reflections, how
would you rate how things are functioning in the ecosystem?
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a)
b)
c)
d)
e)

Poor
Fair
Good
Very Good
No recollection

20. Again, think about the forest floor. This time, think about if you saw any worms, or
perhaps other insects in the soil. Based on your reflections, how would you rate the
quality of soil habitats?
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection
21. How would you rate the Glen in terms of 'naturalness' on a scale of 1 to 4? (Naturalness
meaning untouched/unmodified by humans).
a) 1 - very low naturalness
b) 2
c) 3
d) 4 - very high naturalness

22. Did you observe or see any evidence of human behaviour in the Glen (e.g. littering, going
off trail, displacing items in the forest, cleaning up, etc.)? Based on observations of
human actions (destructive, passive, or beneficial), how would you rate the human impact
on the Glen?
a) Very High
b) High to medium
c) Medium to low
d) Very minimal
23. Below are two photos of the Glen. How much do you agree with the following statement?
"Site A is in a better state than Site B" ***
[photo]
Site A
[photo]
Site B
a)
b)
c)
d)

Disagree
Somewhat disagree
Somewhat agree
Agree
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24. Below are photos of two common invasive species. Did you see any of these invasive
species on your walk? How would you rate the condition of the Glen based on the
presence of these invasive species?
[photos]
a) Poor
b) Fair
c) Good
d) Very Good
e) No recollection

Section 3: Experiences The following section is designed to gather information on your
experience, or previous experiences in parks and protected areas. Please complete the following
questions by selecting the answer that most closely applies to you.

VERSION A: Experts
25. How often do you spend time in nature (hiking trails, camping, etc.)?
a) Once a year or less
b) A few times a year
c) A few times a month
d) Once a week
e) Daily
26. How familiar are you with the Niagara Glen?
a) Extremely familiar
b) Very familiar
c) Moderately familiar
d) Slightly familiar
e) Not familiar at all
27. Please select which best applies to you:
a) Niagara Parks employee
b) Boulderer
c) Friends of the Glen

[Niagara Parks Employees]
28. What is your position with the Niagara Parks Commission?
a) Nature Center employee
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b) Trails and maintenance
c) Other ____________
29. Are you full-time or part-time?
a) Full time
b) Part time
30. Are you in a seasonal position?
a) I work in a seasonal position
b) I work year-round
31. How long have you worked with the Niagara Parks Commission?
a) First year
b) 2-3 years
c) 4-5 years
d) 6-10 years
e) 11+ years
32. To what extent does your job require you to work in the Glen (below the staircase)?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never
33. In your capacity as a park employee, in what way do you care for the Glen? Select all that
apply.
a) Garbage and litter pickup, removal of firepits
b) Trail maintenance
c) Improving signage
d) Invasive species removal
e) Gardening/ maintenance on upper level
f) Education
g) Species inventorying
h) Erosion prevention/mitigation
i) Other __________
34. How many hours a day do you usually spend outside for your job?
a) 0-1
b) 2-3
c) 4-5
d) 6+
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[Boulderers]
28. How long have you been coming to the Niagara Glen for bouldering?
a) first year
b) 2-3 years
c) 4-5 years
d) 6-10 years
e) 11+
29. How often do you visit the Glen in a season?
a) Once a season
b) A few times a season
c) A few times a month
d) Weekly or daily
30. On average, how many hours a week do you usually spend in the Glen (bouldering,
volunteering, etc.)?
a) 0-2 hours
b) 3-5 hours
c) 6-8 hours
d) 9+ hours
31. Have you read any informational signs at the trail head today or on any other occasion?
a) Yes, I have read at least some of them today
b) Yes, I have read at least some of them on another occasion
c) No, I have never read the informational signs
32. [If answered a) or b) in Q30] Were the signs helpful for answering the questions in the
previous sections of this survey?
a) Not at all
b) Not very much
c) Somewhat
d) Very much
33. Have you read a Niagara Glen Nature Reserve brochure today or on another occasion?
a) Yes, I have read at least some of the information
b) No, I have never read the brochure
34. [If answered a) to Q32] Was the information in the brochure helpful for answering the
questions in the previous section of this survey?
107

a)
b)
c)
d)

Not at all
Not very much
Somewhat
Very much

35. Have you read any of the Glen bouldering guidebook?
a) Yes, I have read at least some of it
b) No
36. How frequently do you engage in stewardship or other volunteer activities in the Glen
(i.e. clean up activities, picking up litter, reporting damage, educational activities, etc.)?
a) Never
b) Rarely
c) Occasionally
d) A moderate amount
e) A great deal
[Naturalists]
28. How often have you visited the Niagara Glen Nature Reserve?
a) First time
b) A few times
c) Once a year
d) A few times a year
e) Weekly or daily
29. How long were you a part of the _______ naturalist group?
a) 1 year or less
b) 2-4 years
c) 5-7 years
d) 8+
30. How frequently do you engage in stewardship or other volunteer activities in the Glen
(i.e. restoration projects, clean up activities, tree planting, conservation initiatives, etc.)?
a) Never
b) Rarely
c) Occasionally
d) A moderate amount
e) A great deal
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VERSION B: Visitors

27. How often have you visited the Niagara Glen Nature Reserve?
a)
b)
c)
d)
e)

First time
A few times
Once a year
A few times a year
Weekly or daily

28. What is the purpose of your visit?*
a)
b)
c)
d)
e)
f)
g)
h)
i)

Hiking
Biking
Educational purposes
Picnic
Bouldering
Fishing
Birding
Geocaching
Other: _________

29. How often do you spend time in nature (hiking trails, camping etc.)?
a) Once a year or less
b) A few times a year
c) A few times a month
d) Once a week
e) Daily
30. Did you visit the Nature Center today?
a) Yes, before hitting the trails
b) No, but I plan on going
c) No, I don’t plan on going
[If they answer a) above]
31. Did you observe and read any signs in the Nature Center?
a) Yes, and I read at least some of them
b) Yes, but I didn’t read them
c) No
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32. If yes, were the sign(s) helpful for answering the questions in the previous sections of this
survey?
a) Not at all
b) Not very much
c) Somewhat
d) Very much
33. What factors may prevent you from reading an educational sign? Select all that apply:**
a) Did not have time
b) Wasn’t interesting content
c) Too much effort to read
d) Not interactive/exciting
e) I don’t care what it says
f) I’ve read it on another occasion
g) Other: _____________
34. Did you speak with a staff member at the Nature Center?
a) Yes
b) No
35. [If yes] Was he/she helpful for answering the questions in the previous sections of this
survey?
a) Not at all
b) Not very much
c) Somewhat
d) Very much
36. Did you take a brochure (map) with you today?
a) Yes, and I read at least some of the information
b) Yes, but I only used the map and didn’t read the information
c) No, I did not take a brochure (map)
37. [If answered a) above] Was the brochure (map) helpful for answering the questions in the
previous sections of this survey?
a) Not at all
b) Not very much
c) Somewhat
d) Very
38. Did you encounter or overhear any guided tours while you walked the trails?
a) Yes, it sounded interesting!
b) Yes, but I kept walking
c) No
39. Think back to other similar experiences you may have had with education programs in a
park setting. What kinds of experiences did these include? Select all that apply:**
a) Signs or brochures
b) Kids programs
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c)
d)
e)
f)
g)
h)

Audio tours
Video
Nature centre
Guided tour
Not Applicable
Other:_________

40. Do you prefer guided (e.g. tours or kids programs) or non-guided (e.g. signs, brochures)
education programs?**
a) Guided
b) Non-guided
c) No preference
d) Not Applicable
41. Why do you prefer guided educational programs (e.g. tours or kids programs), select all
that apply:**
a) More educational
b) More personal
c) More enjoyable
d) Prefer to listen rather than read
e) Can ask questions
f) Enthusiasm of the guide
g) More interactive
h) Other: _________
42. Why do you prefer non-guided (e.g. signs or brochures), select all that apply:**
a) Freedom
b) Takes less time
c) Costs less
d) Prefer to be alone
e) Other: __________

ALL:

Compared to other sites (parks, natural areas, etc.) you have visited, would you consider the
Niagara Glen to be a unique ecosystem?**
a) Not at all unique
b) Not very unique
c) Neutral
d) Somewhat unique
e) Very unique
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What makes the Glen unique? (Optional)**
______________________________________________________________________________

Do you have any other comments or feedback based on your experience at the Niagara Glen
Nature Reserve/Niagara Parks?
______________________________________________________________________________

* Survey questions were not part of scholarly work and were collected for the purposes of the NPC
** Survey questions were not directly related to this thesis work, but were collected for the purposes of
future studies and analyses
***Survey question was identified to be highly problematic and was removed from analysis. For
example, survey question had two possible interpretations, and/or technical difficulties prevented
component of question.
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Appendix 3-1: Supplemental Statistical Results

Table A.3.1
Education Field and Employment Sector for Groups Surveyed
Control

T1

T2

16.4%
10.9%
7.3%
19.1%
0.9%

20%

10%
60%

Education Field
Business, management, marketing and related support services
Education
Engineering technologies and related fields
Health professions and related programs
Agriculture and related sciences/Environment

20%
30%

10%

Employment Sector
Manufacturing
Retail trade
Information and cultural industries
Finance and insurance
Professional, scientific and technical services
Educational services
Healthcare and social assistance
Arts, entertainment, and recreation

5.5%
3.6%
2.7%
4.5%
10.9%
12.7%
12.7%
4.5%

20%
10%
10%
20%
30%

10%
40%
30%

Table A.3.2
Chi Square Result; Demographic Differences Between Groups
% cells with
Sig (22
Variable
N
df
expected count
𝑿
sided)
<5
Gender
128
1.572
2
.456
50%**
Rural/Urban
130
3.719
4
.445
44.4%
Hometown
130
8.069
4
.089
66.7%
Field of Study
75
15.341
8
.053
73.3**
Education
130
9.888
6
.129
66.7%**
Level
Age
129
8.947
6
.177
66.7%**
* Significant at alpha levels of .05
** Significant with corrected alpha levels of .0125 (Bonferroni correction)

Cramer’s
V

Sig

.111
.120
.176
.320

.456
.445
.089
.053

.195

.129

.186

.177
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Table A.3.3
Perceptions of the State of the Environment: Supplemental Descriptive Statistics
Group

N

Mean

SD

Median

Range

Visitors

110

3.13

.519

3.17

2.75

T1

10

3.30

.505

3.46

1.75

T2

10

3.41

.403

3.50

1.33
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Appendix 3-2: Study Two Survey Sections

Section 3: Experiences The following section is designed to gather information on your experience, or
previous experiences in parks and protected areas. Please complete the following questions by selecting
the answer that most closely applies to you.

VERSION C: Tour Participants
27. How satisfied are you with your tour experience?**
a) Extremely satisfied
b) Moderately satisfied
c) Neither satisfied nor dissatisfied
d) Moderately dissatisfied
e) Extremely dissatisfied
28. How would you rate the quality of your tour?
a) Poor
b) Satisfactory
c) Good
d) Excellent
29. How inspired or excited did you feel during the tour?**
a) Not at all
b) Not very much
c) Somewhat
d) Very
30. How much do you feel you have learned?*
a) A great deal
b) A lot
c) A moderate amount
d) A little
e) None at all
31. Was the tour helpful for answering the questions in the previous sections of this survey?
a) Not at all
b) Not very much
c) Somewhat
d) A great deal
32. How often have you visited the Niagara Glen Nature Reserve?
a) First time
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b)
c)
d)
e)

A few times
Once a year
A few times a year
Weekly or daily

33. What is the purpose of your visit?*
a) Hiking
b) Biking
c) Educational purposes
d) Bouldering
e) Fishing
f) Birding
g) Geocaching
h) Other ________________________________________________
34. How often do you spend time in nature (hiking trails, camping, etc.)?
a) Once a year or less
b) A few times a year
c) A few times a month
d) Once a week
e) Daily
35. Did you observe any informational signs on the trails or at the trail head?
a) Yes, and I read at least some of them
b) Yes, but I didn't read them
c) No
36. [Answer only if responded “Yes, and I read at least some of them” to Q 35] Were the
sign(s) helpful for answering the questions in the previous sections of this survey?
a) Not at all
b) Not very much
c) Somewhat
d) Very helpful
37. What factors may prevent you from reading an educational sign? Select all that apply:**
a) Did not have time
b) Wasn't interesting content
c) Too much effort to read
d) Not interactive/exciting
e) I've read it on another occasion
f) Other ________________________________________________
38. Did you take a brochure (map) with you today?
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a) Yes, and I read at least some of the information
b) Yes, but I only used the map and didn't read the information
c) No, I did not take a brochure (map)
39. [Answer only if responded “Yes, and I read at least some of them” to Q42] Was the
brochure (map) helpful for answering the questions in the previous sections of this
survey?
a) Not at all
b) Not very much
c) Somewhat
d) Very helpful
40. Are you participating in the Nature Exchange program (includes scavenger hunt in the
brochure)?*
a) Yes
b) No
41. Think back to other similar experiences you may have had with education programs in a
parks or protected area setting. What kinds of experiences did these include? Select all
that apply:**
a) Signs
b) Brochures
c) Kids programs
d) Audio tours
e) Video
f) Nature centre
g) Guided tours
h) Not Applicable
i) Other ________________________________________________
42. Do you prefer guided (e.g. tours or kids’ programs) or non-guided (e.g. signs, brochures)
education programs?**
a) Guided
b) Non-guided
c) No preference
d) Not applicable
43. [Answer only if responded “Guided” to Q46] Why do you prefer guided educational
programs? Select all that apply:**
a) More educational
b) More personal
c) More enjoyable
d) Prefer to listen rather than read
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e)
f)
g)
h)

Can ask questions
Enthusiasm of guide
More interactive
Other ________________________________________________

44. [Answer only if responded “Guided” to Q46] Why do you prefer non-guided educational
programs? Select all that apply:**
a) Freedom
b) Takes less time
c) Costs less
d) Prefer to be alone
e) Other ________________________________________________
45. Compared to other sites (parks, natural areas, etc.) you have visited, would you consider
the Niagara Glen to be a unique ecosystem?**
a) Not at all unique
b) Not very unique
c) Neutral
d) Somewhat unique
e) Very unique
46. Do you have any other comments or feedback based on your experience at the Niagara
Glen Nature Reserve?
______________________________________________________________________________

* Survey questions were not part of scholarly work and were collected for the purposes of the NPC
** Survey questions were not directly related to this thesis work, but were collected for the purposes of
future studies and analyses

118

Appendix 3-3: T2 Training and Script

Trained naturalists:
Three trained naturalists from the NGNR carried out the T1 and T2 tours. These were employees
of Niagara Parks who had already received training on guided hikes and other aspects about the
Niagara Glen.1
T2 Training Procedures:
1) Training Session 1: The guidelines below were reviewed in detail with tour guides in
classroom training session.
2) Training Session 2: Tour guides trained on the hike route, using specific stop points to discuss
examples. This training session also included examples of techniques for tour delivery (in
addition to examples of tour content) 2

*Note: This guide for the alternate tours is content that is in addition to the content of the T1 tour
(tour previously implemented on site)*

Research on the Influence of Interpretation on Perceptions of Ecological Integrity
A Guide for Alternate Tours
Study Info
Previous research has shown that public perceptions of the state of the environment tend to be at
odds with ecological data on the state of the environment. Environmental interpretation
(education) programs, such as guided tours, are one approach to influencing visitor perceptions
on the state of the environment.
Therefore, the purpose of the study is to compare how visitor perceptions of the state of the
environment align with ecological data and how guided tours can influence these perceptions.
Surveys will be given to visitors who have not participated in a tour, as well as visitors who have
participated in a tour. The survey will aim to understand how the visitors perceive the ecological
integrity (or state of the environment) in the Glen.

1

The limitations of using more than one trained naturalist are recognized.
These guidelines offered structure for tour guides but also recognized the need for flexibility in delivery of tours
(based on visitor interests, personal comfort with material, age groups, etc.). It is therefore recognized that there is
variability in the delivery of the tours; a limitation of this approach.
2
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We are also interested in how a tour might impact visitor perceptions when we alter the content
and delivery of the tour. In other words, will explicitly discussing ecological integrity with
visitors, or pointing out various aspects of their surroundings influence how they perceive it?
As a tour guide, you will play a role in this study by facilitating these tours that explicitly discuss
the ecological integrity of the ecosystem. The alternate tour (i.e. with information about
ecological integrity) will be designed so that you can maintain flexibility of the main content you
deliver. However, you will be asked to discuss ecological integrity and its components at some
point throughout the tour. The following provides examples that you may use in your tours. It is
recognized that the delivery of your tour (i.e. the points you choose to discuss and the method)
will depend on the audience of the tour (e.g. kids vs. adults, locals vs. tourists), your personal
comfort level, and your style as a tour guide.
Talking Points for Alternate Tour
In the alternate tour, please:
1) Describe the concepts of ecological integrity as well as the three components
(composition, structure, and function)
2) Give a short example for each.
3) Please also use a concrete example in their surroundings. Direct their attention (sight,
hearing, smells) to their surroundings. Don’t hesitate to be creative and make it your
own!

Ecological Integrity
Definition: “A system has ecological integrity when elements such as composition, structure,
function, and ecological processes occur within their natural ranges of variation”
Please discuss ecological integrity with visitors. Examples of how you can define ecological
integrity for visitors:
-

-

The naturalness of the ecosystem. The intactness of the biodiversity, the habitat, and its
functions.
Where an ecosystem is still functioning in a natural and acceptable range.
When living things (animals and plants), their habitats (the shelter available, habitat
space, etc.), and the interactions in the habitats (if predators have prey to eat, if there is
decomposition, if there is human impact, etc.), are within a range that is healthy.
An ecosystem that has not been impacted by humans to the point where it does not exist
within its functional range.

You may want to consider some of these techniques to discuss the definition of ecological
integrity:
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-

Ask: “has anyone heard of the term ecological integrity before?” “What does it mean?” /
“What does the word integrity mean?”
Have them brainstorm what makes a healthy ecosystem. How do you know if something
is healthy/in good condition?

Ecological integrity is comprised of three components: composition, structure, and function.
We ask that you briefly discuss each component and give an example of each. The following are
descriptions of the three components and possible examples that can be discussed. Just choose
ONE definition and example.
1. Composition
Definition: The biodiversity of the ecosystem
To discuss with visitors, you can use the term biodiversity instead of composition. You can
describe biodiversity as:
-

The variety of living things that make up the ecosystem
All of the different kinds of species and the amount of each in the Glen
All of the different plants, animals, and insects

Some other talking points or examples to use:
-

-

A variety of living things is important for the Glen. E.g. imagine a disease kills all of a
certain type of tree. You want to make sure that there are many different kinds of trees, or
else the habitat for lots of other species will be gone.
Over 400 plant species have been documented in the Glen 20 years ago.
Did you know that the Glen is home to many rare species, not found anywhere else?
The Glen has lots of invasive plants, which take over the space of other plants and push
them out

Redirecting Attention:
-

-

At Stop 1: Use example of one area of forest to look at all the different plants and
abundance of plants (or of insects). “How many plant species do you see?” “How many
insects do you see”
At Stop 2: “What do you notice about the plants here?” “How many plat species can you
count?”.
At Stop 5: Describe the invasive species in sight (how to identify it, why it is bad, how it
got there)
Count how many animals you see or hear
Point out unique plants
Point out areas dominated by wild ginger

2. Structure
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Definition: The physical features of the ecosystem, for example, trees, soil, other vegetation,
sunlight, etc.
To discuss with visitors, you may want to use the term habitat (depending on the audience):
-

The living and non-living things that make a habitat.
The walls of the ecosystem (trees, floor, ‘ceiling’)

Some other talking points or examples to use:
-

Tree health – why are trees important for habitat structure.
Canopy cover – what it is, why it is important.
Habitat fragmentation and habitat connectivity – what it is, why it is important.

Redirecting attention:
-

-

“Look around you, what are your observations of the habitat structure”
Point out some specific trees (large tulip tree, ash tree with emerald ash borer, beech tree,
etc.). “What do you notice about the trunk? About the bark? What do you notice about
the leaves? Do you notice anything else about the tree? Do you think the tree is healthy?”
“Look around you. Do you think that the plants that live here get enough sunlight?”
Point out the ground cover and the soil. “What does the ground look like? Is leaf litter
good (all the leaves on the ground)?”

3. Function
Definition: Includes the biotic (living) and abiotic (non-living) interactions. Includes: herbivory,
predation, primary productivity, etc.
To discuss with visitors, you can describe function as:
-

All of the living and non-living interactions/processes
When animals eat, or are eaten, when things are broken down in the soil, when there is a
fire and things regrow, when humans interact with the ecosystem, etc.

Some other talking points or examples to use:
-

Talk about what they know so far (herbivores, predators, food webs, etc.)
Talk about litter, fallen logs, and decomposition
The role of soil organisms in decomposition
How humans can affect the ecological integrity (e.g. going off trails, trampling
vegetation, litter, fires, picking plants, increasing invasive species, etc.)
o “take only photographs, leave only footprints”

Redirect attention
-

Point out cases of human disturbance.
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-

-

Stop 2: Point out human impact. “How would you define the Glen so far? What do you
think about the naturalness?” “Do you notice anything about this area?” Can point out
vegetation trampling, litter, fires.
Stop and look at the soil. “What insects can you see?” Maybe flip over an old log. “What
do you see? What is the role of these insects?”

A reminder that you do not need to discuss ALL of these points. Again, I ask if you could please
describe the concept of ecological integrity as well as the three components (composition,
structure, and function), and then give a short example for each by choosing from the options
provided above (or something similar). In addition to describing to visitors these concepts, please
also use a concrete example and direct their attention (sight, hearing, smells) to their
surroundings. Don’t hesitate to be creative and make it your own!

We thank you very much for your time and effort. If you are interested in the results of the study,
you can request further information via the contact information below.

If you have any questions, please feel free to contact me:

Angela Mallette
Brock University
am16po@brocku.ca
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