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ABSTRACT

Ecosystems are important to human surv_ival and well-being (MEA, 2005). Human knowledge of
ecosystems largely consists of the conceptual distinctions made by experts. Experts use different
metaphors and mental models to define ecosystem risks andlshape our thinking. Decision makers
face a dilemma when experts use conﬂicting’frames of reference to define the same problem.
This résearch attempts to anéwer three questlions. Do experts have different mental models of
risk? Do their mental models of risk stem from different underlying worldviews? Do their

worldviews arise from differences in their professional background or work experience?

Repertory grid methodologies were used to elicit expert mental models. The analysis relied on
Shaw and Gaines’s (1989) me’thodology for comparing experts’ conceptual systems.

The data for this study was collected through a fWO-stage survey. The interview étage of the
survey was used to identify widely shared conceptual distinctions experts use to talk about
ecosystems. During the second Stage, experts wére asked to complete a web-based -
questionnaire, applying these shared distinctions to describe how several concepts or types of

ecosystems differed from one another.

The Interview stage of the survey revealed that ecological integrity was the dominant mental model
of risk and the experts shared a common set of beliefs. These beliefs were most heavily influenced

by the experts’ current position and previous work experience.

The Internet stage of the survey revealed that the eco-conéepts shared more similarities than

differences. The eco-concepts as a whole belonged to one of two metaphoric categories that
distinguished pristine from human-impacted systems. There was also a broad consensus among

experts in the way they used the derived assessment criteria to describe the eco-concepts.

The findings suggest that the survey subjects shared a common underlying mental model of

ecosystem risk
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1.0 INTRODUCTION

Ecosystems '_are important to our survival and wellbeing. The Millennium Ecosystem Assessment

' (MEA, 2005) was the first global attempt to achieve a consensus about ecosystems’ contribution to
human welfare. Yet thinking and acting in terms of ecosystems is a relatively recent occurrence. It
may be intuitively appealing to some decision makers but it is still controversial from a scientific
perspective. Like any concept, experts often do not agree on what the concept means or use the
concept in the same way. Our knowledge of ecosystems nonetheless still consists largely of
~conceptual distinctions made by éxperts. Expert thinking about ecosystems will play a critical role
in developing human responses td the chal|engés identified by the MEA.

This research study elicits experts’ rhental models of ecosystem‘ risk in an effort to create a
consensual asse_ssfnent framework. (See Chapter 2, Problem Statement.) Do éxperts share or
have different mental models of ecosystem risk? If they have different mental models, are they'
associated with different worldviews? Do these worldviews reflect differences in the work
backgrounds of the experts? Can we find common ground among experts by attempting to
Idgica(ly structure and draw some general conclusions about how experts conceive of ecosystem
risk? Making experts more aware of their fnental models of risk may facilitate bettér risk

communication, vinterdisciplinary collaboration, and breakthrough thinking.

In Chapters Three and Four, thé reader will find an overview of the ecosystem concept and
criticisms of its use, and a discussion of the risks to which ecosystems are now exposed. The
more informed reader may wish to vskip these chapters, and proceed directly to Chapter Five, Key
Concepts, and Chapter Si'x,‘ResearCh Methods, which provide the background to the study.

Chapter Five provides an explanation of several key concepts such as metaphors, mental models, |
| worldviews, and personal constructs the reader will need to understand the study. Chapter Six
describes the research methods used in the study. Experts’ metaphors and mental models of risk
were elicited through textual analysis, questioning key informants and by having experts perform a
task. Nvivo, computer assisted qualitative data analysis software (Richards 2000), was used to
structure the textual and interview data: (1) to develop a framework and typology of experts’ mental

models of risk, and (2) to code and analyse the interviews. Repertory grid methodologies




(Jankowicz, 2004; Fransella, Bell, & Bannister, 2004; Stewart, 1998) provided the means by which

- the conceptualsystems of experts could be elicited withouit distortion, throUgh_ manual or computer-
based interactive interviewihg techniques. The survey analysis relied in part on Shaw and Gaines’s
(1989) methodology for comparing the conceptual systems of experts. A wortdview scale was also

developed and tested to 'assess'the extent to which the experts shared a common set of beliefs -

A careful review of the scientific literature (Chapter 7) suggests that experts may have different
mental models of ecosystem risk. Three different mental models of ecosystem risk seem to _
dominate the scientific literature. The carrying capacity model seeks to determine the optimal rate
of resource consumption or waste discharge that an ecosystem can absorb (e.g., Rees, 1996).

: 'The biological integrity model focuses on the survival of natural self-regenerating communities of
species (e.g., Angermeir & Karr, 1994). The ecosystem health model tries to safeguard ecosystem
services and functions critical to our well-being (e.g., Costanza, 1992). The typology and -
framework developed from this analysis of the literature was used to develop the interview

questionnaire.-

- The results of the interviews with key informants and the web based survey are reported in detail in
Chapter Eight. Over fifty experts knowledgeable about ecosystem risks were interviewed. These
.experts were drawn from many dlfferent disciplines or lines of work. They were asked to describe
what they thought was important about ecosystems. The interviews were used to identify W|dely
shared conceptual d|st|nct|ons that many people use to talk about ecosystems. Many of these
»concepts are ‘commonly used in the literature of assessment sciences without any clear or conS|stent
definition. (See Appendlx 1-7.) Thlrty -two constructs (i.e. eco-assessment criteria) were elicited from
experts, and used_to develop a web-based repertory-grid survey. During the second stage of the
survey the original respondents were resurveyed. Invitations were also sent out to a cross-section of
professmnal discussion lists, inviting other experts to complete a short web-based questionnaire.
Forty-two persons completed this stage of the survey. Everyone used a common set of assessment

criteria developed from the original interviews to describe how several concepts or types of

ecosystems differed from one another. (See Appendix 8-10.)




The Interview stage of the survey revealed that ecological integrity was the dominant mental model

of risk, shared by almost half the respondents. Moreover the experts shared a common worldview.
Over eighty percent of the respondents agreed with the beliefs comprising discourse #1 and three-

quarters of them disagreed sttongly Wi_th the constituent beliefs of discourse #3. The respondents’

worldviews were most heavily influenced by their current position and previous work experience.
Supporters of ecological integrity‘ asa mental model of risk were more Iikelyto support discourse
#1 (95%) than supporters of other mental models of risk. Human population growth and
consumptlon were also thought to be the main threats 1o ecosystems

During the Internet stage of the survey, potential respondents were asked to apply a common set
of assessment criteria to describe different types or concepts of ecosystems. The eco-concepts as

- awhole belonged to one of two contrasting metaphoric categories that distinguished pristine from
' vhuman-impacted systems. Concepts such as integrity, health, sustainability, and carrying capactty

appear to occupy nearly the same conceptual space. For example, ecological integrity was a
subset of natural or pristtne. Sustainability could not be distinguished from carrying capacity. The
results also showed that there was a broad consensus among experts in their use of these
assessment criteria. Therefore the findings suggest that experts may share a common underlying
mental model of ecosystem risk. Moreovevr, the derived assessment criteria could provide a
common basis for the integratidn of the work of ditferent disciplines, and could facilitate risk
communication and interdisciplinary collaboration

Chapter Nine provides the conclusions and recommendations for future research. Metaphors play
an important role in ecosystem thinking and decision makers need to be aware of their use‘s and
abuses. Experts’ mental models of ecosystems aopeat to resemble working memory constructs or
sketches. At this stage, their mental models appear to support description and classification of

- different phenomena-but do not support inference and prediction. The experts’ mental models in

some circumstances may actually be barriers to breakthrough thinking and action. The generic set
of driving forces and assessment criteria developed through this research could be used as a basis

of integration. They represent commonly held beliefs, and views about the future and potential fate

of the Earth’s ecosystems.




2.0 PROBLEM STATEMENT

Ecosystem metaphors and mental models of risk help define ecological problems and the kinds of
information needed by decision-makers to solve them. Without a shared frame of reference,
decision-makers cannot evaluate the weight of evidence, compare options, set priorities or allocate
resources to the management of ecosystem risks. When experts have different mental models of
ecosystem risk, these mental models can become barriers to communication and a potential
source of conflict. If an expert’s mental model of ecdsystem risk differs from that of other

~ participants, they may find risk communication difficult. By making experts more aware of their
mental models of ecosystem risk, we hope to facilitate risk communication, interdisciplinary
collaboration, and breakthrough thinking. - |

‘  The context for this research project is the dilemma that decision makers face when experts use.
cohflicting frames of reference to define the same problem. Experts use different metaphors and
mental models of risk to défine ecological problems, influencing the kind of information provided to
decision-makers. Without a shared frame of reference, decision makers may find it difficult to

evaluate options or set priorities for the management of ecosystem risks.

2.1 Research Questions

Through my research | undertook to answer three research questions:

1) Do experts have different mental models of ecosystem risk? _

2) Do their mental models of ecosystem risk stem from different underlying worldviews?

'3) Dotheir worldviews arise from diff'erences ih their professional backgrouhd or work
experience? o |

An e'xper't is someone who is widely recognized as a reliable source'o'f specialized knowledge or
skill, whose judgement is rec_ognised by the public and his or her peers. Experts may have
advanced training and/or prolonged experience. There is no need for an individual to have

~ professional or academic qualifications to be accepted as an expert. In this respect, fisnermen




having many years of experience tendinlg their nets would be re'cognized as being knowledgeable -
- about the state of the fishery. ' |

An ecosystem is a bounded set of dynamic relationships between living things and their
environment. It is the smallest unit of tHe biosphere that can sustain life over the long term
(Kimmins, 1992, EVans, 1956). Experts understan’d ecosystems from _the parts, pvrocesses, and
specific places they study (see Figure 2.1). | '

Landscape - R

Figure 2.1 Ecosystems (adapted from Allen, Bandurski & King 1993)

| Experts view ecosystems in differe‘nt‘ ways. Some see them as a coIIection' of parts, a patchwork of.
biological communities. For example, conservation biologists study ecosystems as communitieé,

~guilds or assemblages of different'species.. Other experts have studied ecosystems solely in terms
of processés, such as the exchangé of mate'riabls and energy. Many see them as distinct places,
set in a matrix of air, water, soil and biota. For example, landscape ecologists and geographers
often look at ecosystems as real places. Experts may even think that ecosystems are a distinctive

method or field of study (e.g., ecosystem approach). In order to compare expérts’ mental models

of ecosystem risk, it is necessary first to sort out exactly what is being compared.




In trying to understand the experts’ mental models of ecosystem risk, their views about major
threats and driving forces of ecosystem change are also as important as their views about what
should be managed, conse’rved, and protected.

Scientists have talked about ecdsystems since the 1930s. There is considerable controversy
about the nature of ecosystems and their irﬁportance to our survival. Some authors have
questiohed the existence of ecosystems as & d‘isﬁn_Ct' level of biologicai organ'ization (e.g.,
Fitzsimmons, 1999; Kapustaka & Landis, 1998) or the usefulness of the concept (e.g., »Suter,

. 1'993). These scientists criticize attempts to give scientific credibility to what they think 'are

- essentially romantic, moral or ethical notions such as integrity, health or sustainability. Moreover;
th}ey think that these fictions can mean whatever people want them to mean, and that the vague
~ moral imperatives they imply offer no clear way to méasure progresé or assess risk. However,

' 'they do admit that these ideas exert a powerful hold on the public consciousness.

In spite of the_controveréy, the concept is increasingly being incorporated into environmental
legislation, in both Canada and the United States, as either a policy goal or a managerhent
approach. An ecosyéterﬁ perspective is ap‘pea|ing to po_licy_makeré who are looking for a more
hol_'istic, multi-issue, place-based approach to decision making to replace existing piecemeal
approaches to conservation, r.e’source management, and ehvironme_ntal protection (CBD COP-5,
2004; Pitcher, 2000; CCME, 1996; Christensen et al., 1996; Maltby & Weir, 1996; Thomas, 1996;
Environment Canada, 1995; US EPA, 1995; Tomalty, Gibson, and Alexander, 1995; 1JC, 1978a).
Thinking and acting in terms of ecosystems makes sense'.in the North American context because
of the uneven pattern of settlement and regional industrial development. Regional-ecosystem
constraints have to be acknowledged in geographic areas thaf have particularly sensitive
resources, have high pollution loadings or are subject to conflicting demands. Many environmental

. issues are interdependent and réquire a co-ordinated response strategy.

In recent years there has been widespréad recognition that resources must be managed as
dynamic integrative systems because the physical, chemical and biological components of the
“environment are interdependent (Environment Canada, 1994). Moreover, the capacity of

-ecosystems to sustain life should be protected (Johnson, 1988). If the productivity of farm, forest,




lake and marine areas is not maintained, people may not be‘ablve to obtain the necessities of life |
. (Kimmins, 1992). ‘ |

Mental models consist of personal mental constructs thaf people use to simplify énd organize their
understanding of the world (Gehtner, 2602; Rouse & Morris, 1986; Craik 1943). Mental models are
highly simplified, ih'complete, and constantly evolvihg. They typically contain errors and
contradictions. The study of mental models is useful because it.provides insight into how people
understand a particular’domain of knowledgé (Johnson —Laird, 1983; Gentner & Stevens, 1983). |
Are expe'ﬁ mental models of ecosystems actual inductive models that shape human cogpnition or A
simply working mémory sketches describing risky situations? o '

Mentél. models often employ metaphors and incorporate worldviews, acquired }beliefs and causal

assertions.

Metaphors involve direct comparisons between two seemingly unrelated dom_éins that help us to
understand one domain in terms of another (Gentner, 1983). Scientific metaphors aim to explain

: br predict. A source domain is used to make inferences about a target domain (e.g. human health
is used to explain ecosystem health). Examples of good scientific metaphors i_ncIude Képl'er’s use
of balance scales to explain magnetism, and Rutherford's use of the sblar system to explain the
functibning of atoms. An example of a good contemporary scientific metaphor is greenhduse
gases. In contrast, expressive metaphors evoke or describe. As metaphors become more
conventional, there' is a shift from comparison and inference to categorization. What distinguiéhes
a good scientific lmetaphor froma conventional metaphor? Do ecosystem metaphors help or |

hinder expert reasoning about risk?

Some claim that the meaning of ecosystem metaphors such as health, integrity or sustainability
cannot be quantified (e.g. Lancaster 2000; Ryder 1990). This research will demonstrate that these

ecological concepts can be operationally defined. Once defined, it will obvious that these terms

may not be conceptually distinct, and may actually represent a continuum of thought and action.




.Mental models of risk are not solely matters of indi\)idual cognition (Slovic et; al., 1997) but alsQ
correspond to worldviews, deeply held concerns and beliefs about society, its functioning and
potential fate (Kempton, Boster, & Hartley, 1995; Dake, 1991 ). Experts live and work in very
diferent institutional and occupational_contexts. Membership in different reference groups helps
generate distinct ways of Iooking at the world, and distinctive representations of what constitutes
risk. Years ef professional training, work e)rperience, institutional affiliation, and even gender
differenees, can influence how experts frame and gauge the relative irrrportarrce of environmental
issues (Slovic et al., 1997; Slovic et al., 1995; Stern & Dietz, 1994, Kraus, Malmfors & Slovic, 1992;
' Dake, 1992). | |

2.2 Research Objectives

A three-step‘ research strategy was used to elicit experts’ metaphors and mental models of risk..
First, a key word search and formative evaluat_ion of the use of these terms in the scientific |
literatUre provided the basis for interviews with experts. Second, the experts interviewed acted as
key informants, and helped to identify widely shared conceptual distinctions that 'experts use to talk
about ecosystems. During the third step of the study, experts were'asked to Use these shared
distinctions, to describe several concepts or types of ecosyetems. |

My research objectives were:

e To elicit repertory grids (elements, constructs, and values) from experts that described
ecosystems.

e To compare the underlying conceptual structures of experts to establish the degree of
consensus or conflict.

e To determine whether or not experts drawn from different institutional and professional
~ backgrounds have drfferent worldviews. '

e To determine if underlying differences in the. conceptual structure of experts are correlated with
these worldviews.

o Todevelop a common set of elements and constructs that experts can use to make
distinctions about the domain (i.e., different types and concepts of ecosystems).

e To take the first steps in developing a conceptual model that would be suitable for guiding
~ decision making about ecosystem risks and that would facilitate risk communication.




This study elicited experté’ mental models of risk in order to ans'wer the question: do experts have -
_ different mental models of ecosystem risk? Second, it determined whethe‘r‘orvnot differences in the
way that experts look at ecosystems might be attributed to differences in their worldviews or
professional backgrounds. Lastly, the study examined the feasibility of developing a consensual
mental model of ecosystem riskvthat co'uld help guide decision-making.

2.3 Need for the Study

Risk, by definition, is “adverse” (Bartell, Gardner & O'Neill, 1992). Environmental change,
hoWever, is neither inherently beneficial nor inherently adverse. Someone must.make this

- judgement. Social science research has shown that our notions of risk depend on assumptions
and judgements that are inherently subjective (Slovic 1997, Kunreuther & Slovic; 1996). Expert
énd lay perceptib’ns of ecological risk differ (U.S.EPA 1990; 1987). Nevertheless, experts play a
leading role in defining the criteria by which risks are evaluated, and in thié role, their personal
beliefs, values, and priorities often come into play (Lackey, 1997; Menzie-Cura, 1996).

_Values refer to enduring pre_férences about what is moral, desirable or just (Kempton, Boster and
Hartley, 1995). Values influence choice and action (Brown, 1984). They often express core life
concerns or goals that people find important (Axelrod, 1994). Values can also influence perception

'by'amplifying or filtering information (Stern & Dietz, 1994). Péople tend to focUs on different
dimensions of risk and weigh them very differently (Gregory et al., 1996; Knetsch, 1990). For,
.example, they place a grea{er value on losses relative to gains, and discount future gains at rates
higher than future losses (Kahneman & Tversky, 1979). Nevertheless, at the level of values, even
among groups with conflicting viewpaints, there may be a broad cultural consensus about what

people want or don't want to happen to the en\}ironment (Kempton, Boster, and Hartley, 1995).

A common conceptual framework is needed to facilitate coHaboratioh and risk communication. At-
present, there is no gehera_lly accepted classification of valued ecological components, processes
or attributes (U.S. EPA, 1994). “Valued ecosystem components and attributes”, “receptors”, and
“resources at risk” describe characteristics of ecosystems that are consid'ered by society to be
impb_rtant and potentially at risk from human activities or natural hazards (U.S.EPA, 1992,
Beanlands and Duinker, 1983). Cdncerns about valued ecosystem components and attributes
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drive environmental decision-making. Generally speaking, ecosystem concerns do not tend to be
highly valued in relation to other life domains or core values. Ecosystém concerns engage us only
when more fundamental life domains or core values are threatened: our health and well-being; our
‘standard of living; our way of life; our fundamental understénding and expectations of the world
around us (Eyles, 1996; 1990). |

Ecological risk assessment is goal driven. Eve'ryon'e'agr'ees that ecoldgical risk assessments
_ shoUId provide insights that help decision makers ass'ure, in some respect, the value of
| écosystems (Suter & Bartell, 1993). ‘However, there is no consensus about what is to be protected
or how to measure and represent these valued ecosystem compohents and attributes |
(Commission on Risk Assessment and Risk Manageménf, 1997; Menzie-Cura, 1996; Suter &
~ Barnthouse, 1993; Beanland & Duinker, 1983). Without clear policy goals it is difficult if not
' 'impossible to set priorities and to strike an appropriate balance among ecological, human health,

and welfare concerns.

Even Glenn Suter (2000), one of the most determined critics of the ecosystem approach and the
use of nbrmative concepts, such as ecosysiem health, biological integrity and sustainability in risk "
assessment supports the development of generic-assessment endpoints. He recommends a
pragmatic approach to doing explicitly and consistently what has been done implicitly and
inconsistently in the past. These endpoints should not be abstract notions, such as health or -
integrity, or indicators, but ecological entities, processes or attributes considered to be worthy of
profection in most contexts. They would be real operatiohally d‘eﬁned properties of a component of
the environment. Generic assessment endpoints are needed for screening assessments tb identify
hazards, for monitoring environmental stat.us and trends, and for the development of inferential
methods and models. They would élso facilitate risk communication, and help justify risk

_j 'manag.ement action. |

“Value-focused thinking” (Keeney, 1992) in contrast to “alternative-focused thinking” starts with
identifying what people want (their goals) rather than what they don’t want. The values held by
different expert groups made explicit by their goals may be quite similar: when other things are

equal nobody prefers more environmental damage, fewer jobs, higher priced products or greater




health risks (Gregory & Keeney, 1994). An approach based on decision analysis involves

- representing values as a set of planning objectives,-defirting measures to judge the achievement of
these objectives, and then investigating trade-offs that represent different stakeholder views about
priorities among these objectives (Keeney & McDaniels, .1 994). Differences in priorities or weights
assigned to these values or differences in opinion about how well'a measure achieves an objective

are easier to resolve than differences in what is wanted (Gregory, 1997).

Our system of governance is set up to reconcile different interests, not differing views of reality
(Lovins, 1977). Without a shared frame of reference, experts cannot evaluate the weight of
‘evidence nor compare possible policy options. Moreover if the public or stakeholders do not share
: the experts perspective, the mere force of logic and more facts won't move them. The lackof =
consensus about what is important and worthwhile about ecosystems holds back progress in
applying this approach to environmental decision-making. In settrng the publrc policy agenda, the -
credibility and the usefulness of the policy advice offered by experts is undermined when their
different worldviews; beliefs and values clash. What is needed is a process for building consensus
about the goals of ecosystem risk management, and for defining and measuring important values

- that ecosystems represent.

2.4 Contribution to Knowledge

A generic set of assessment criteria was developed that express commonly held values and
describe ecosystem risks in a way that can be generally understood. These assessment criteria
may reflect a common underlying mental model of ecosystem risk. This research takes the
preliminary steps required to explore the feasibility of creating an ecosystem risk assessment

framework.

Most of the research literature focuses on eIiciting' Iay mental models of risk and differences in the
ways experts and lay peoplev perceive risk (e.g. Bostrom, 1996; Margolis, 1996). Moreover, often
the expert’s mental model of risk has been presumed, and imposed like a template on lay
perceptions of risk (e.g., Morgan et al., 2002.) This research elicited indirectly expert mental

models of ecosystem risk. This has been attempted only once before (Lazo et al., 1999).




.This research also contributes to the scientific Ii‘ter_ature on knowledge elicitation (e.g. Hoffman,
1995). It employed novel methods of knowledge elicitation and analysis (Gaines & Shaw, 1989).
Moreover, it contributes to the scientific literature on the role of expert judgement in risk
‘assessment ('e.g., Otway & von Winterfeldt, 1996), expert disagreement (e.g., Chociolko, 1995) -
and evaluating the expertise of experts (e.g.,'Schrader-Frechette, 1996).

Many claim that quantitative methods are inapprcpriate when we aim t}o uncover meanings that are -
derived from language and are context dependent (e.g., Roberts & Wilson, 2002). This research

| demonstrates that this is not the case, and that computer-aided quantitative methods can vastly
increase our understanding of what scholars are saying.

Observation and experimentation are recognized scientiﬁc research-todis.~ Professional training

" and experience also come into play in framing risk assessment questions and in the interpretatioln
of research findings (Slovic & Peters, 1998; Slovic 1997). There is a considerable body of
research on the role of heuristics and bias in judgements (e.g., Slovic 1992; Kahneman & Tversky,

1982). However, little research has been conducted on mental models of risk as knowledge

structures underlying expert judgement.




3.0 ECOSYSTEMS

From an ecosystem perspective, nature can be partitioned into a hierarchy of biclogical systems
from the cell to the biosphere. Each of these naturally occurring hierarchical levels of organisation
shares similar temporal and spatial scales, and interacts with highef and lower levels in systema'tic
ways. Smaller, fast-changing component systems are embedded in larger, horm’ally slow-changing
systems. Component systems only affect the larger system as contributors to trends among their
cohort. Therefore each level in the organisational hiérarchy experiences higher levels as

constraints and the lower levels as noise (Costanza, Norton, & Haskell, 1993).

Like all natural systems, ecosystems are shaped by competing demands and limited by available
resources. Terrestrial life, for example, depends on the réte at which ene'rgy of the sun is fixed by .
plants through the process of photosynthesis. The survival and reproduction of Species depend on
the transformation of energy in food webs.  These food webs are fed by the biogeochemical cydling
of nutrients throughout the .system. As open systems, ecosystems must dissipate vast quantities of
incoming solar energy through compIeX food webs. If enough high cjuality energy is available,
structure emerges. |f too mUch is applied; chaos ensues; and the system falls apart. Open
systems do not maximize or minimise their functioning. Their functioning répresents an optimum, a.
trade-off of all the forces écting on them. (See Kay & Schneider, 1994 and Schneider, & Kay 1994.)

Ecosystems cannot be decomp.osed into parts whose individual behaviour can be Iinearly'summed
to give the behaviour of the whole system. The magnitude and direction of Change in open
dynamic systems is not predictable because often it is the result of the cumulative interaction of
small changes, and the pathways followed are an accident of circumstahce (Kay, 1991). Critical
mechanisms of ecological change are often unknown to science: either we lack signals or the
ability to read them. E'cosys:tem processes also operate either too quickly or too slowly or at scales
- that are difficult for humans to observe. Moreover, lagged effects are common, meaning that some

problems will continue to get worse even after action is taken to address these problems.

Ecosystems also demonstrate emergent properties. Although there may be catastrophic setbacks
from time to time, generally speaking ecosystems have some degree of resilience to change and
“have the capacity to maintain their existing composition and level of organisation. Ecological
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systems can respond to environmental change by (1) operat'ing as before, even though operations -
may be tempofarily_ unsettled; (2) operating at a different level using the same dissipative - _
structures; or (3) new structural components emerging to replace or augment the existing structure
(Kay 1991). Resilience refers to the limited capacity of e.cosy'stems to recover from perturbations,
and to maintain their structural étability .and their functional organisation in the face of changing -
environmental_cOn.ditions. Ecosystems also have a considerable amount of redundancy. They can
barry out critical functions in more than one way vand have a reserve capacity to perform these
functions beyohd current needs (Bormann, 1985; Pimm, 1984). Biodiversity is a critical facior in
the resiliénce of ecosystems because the ability of the ecosyétem fo regenerate is a function of the
species available for the recovery process (Kay and Schneider, 1994). | |

Tansléy (1935), the British ecologist who coined the term ecosystem, thought of it as one of the
many levels of biological organisation that are the building blocks of nature. His contemporaries '
such as the American Clements (1916) and his rival Gleason (1939) could not agree on the nature
of ecosystems. For Clements a plant community was a complex organism whose life cycle could
be traced through an-orderly path of ecological succession cuImihating in a climax vegetative

- community that would remain relatively stable in the face of change. For Gleason it was every
plant species for itself. B

Cléménts (1916) and Elton (1927) uéed their explanations of the process of plant and animal
succession to support their.viéw that nature was relatively constant in the face of change, and that
‘nature onIdv repair itself when disrupted, and return to its previously balanced state. ‘Forb‘es‘.
(1925) ciassic Study of a northern lake as a microcosm; a relatively closed, self-regulating system,
and Nicholson and Bailey's (1935) work on the stability of animal populations supported this point

of view. ..

Lihdeman (1942) was the first to demonstrate, through his studies of the trophic dynamics of a
small lake, that ecosystems could be described and bounded in nature, .and that their metabolism
could be analysed. By reducing the complexity of ecosystems to energy flows, he provided a
common denominator for future studies of plants, animals, and their habitat that erased the |

distinctions between the ecosystem’s living and non-living components. Hutchinson (1948),
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Lindeman'’s mentor, developed the notion of the ecosysterﬁ’s cyclical feedback or self-regulating
mechanisms. It was not until the 1950s that Eugene Odum (1953) wrote the first textbook
presenting the ecosystem as the unifying concept in ecology.

Aldo Leopold has also had a significant influence on thinking about'ecosystems. Leopold’s most

famous}work was the Sand County Almanac (1949) a collection of essays published after his death

~ in which he described his notion of a ”land ethic” st_réssing that "a thing is right when it tends to
preserve the integrity, stability, and beauty of the biotic community. It is wrong when it tends to do
otherwise.” (pp. 224-225). In another posthumously published collection of essays he stated:

“The last word in ignorance is the man who says of an animal or plant: What good
is it? If the biota has built something in the course of agons, we like but do not
understand, then who but a fool would discard seemingly useless parts? To keep
every cog and wheel is the first precaution of intelligent tinkering.” :
(Round River, 1953 pp.145-146)

By the 1960s, ecologists began to view ecosystems as complex systems. Because of public concem
about the effects of nuclear fallout throughout the Cold War, the Oak Ridge National Laboratory'
became one of the largest supporters of ecosystem research in the United States, using computer
simulation models to trace the movement of radionuclides within ecosystems (Van Dyne, 1966). |
Holling led another important node of systems research in Canada at the University of British
Columbia (Holling, 1978). |

Bormann and Likens (1967) were the first to develop an experimental approach to ecosystem
‘studies. The Hubbard Brook Ecosystem Study (www.hubbardbrook.org) started in 1963. The

research program used the mass-balance approach to analyse inputs; outputs, and fluxes of water

and elements in small (10-80 ha) forested watersheds. They were able to measure the subsequent
export of nutrients after a small watérshed was deforested. They argued that the export or

'r'etention of nutrients could provide an insight into an ecosystem’s functioning (Bormann & Likens,
1979; Likens et al. 1977) and were also successfully able to demonstrate the effects of acid rain on
a forested ecosystem (Bormann, 1985; Likens and Bormann, 1974). Schindler and others
(Schindlér, 1990; Schindler &} Turner, 1982; Schindler, 1974) undertook similar-studies of the

effects of pollutants such as phosphorus and acid rain in the late 1960's at the Experimental Lakes |

Area in Ontario. (See Johnston & Vallentyne, 1971.) Major advances were also made in
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deVeIoping regional methods of inve‘stigatioh and assessment (Barnthouse & Suter, 1986;
Beanlands, 1983; O'Neill et al.; 1982).

Ecologists have long pondered how species diversity cohtributes to ecosystem stability. Any
ecosystem’s species can be divided into so-called functional groups, based on whether they
produce, consume or decompose organic matter, the source of energy for Iivihg organisms. Every
,Working ecosystem needs at least one species ffom each of these functional groups to pfocess
energy effectivély. But is it sufficient for an ecosystem to have just one species from each group
(for example, a plant, a herbivore and a decomposér) or does a fuhctioningecosystem require the
hundreds to thouéandé of species that we typically find (Naeem, 2004)? | ’

The origin of the diversity—'stability hypothesis was a paper written by MacArthur (1955) in which he
proposed that the diversity of a food web was a measure of community stabiiity. Charles Elton
(1958) also argued that simple communities were more easily upset than richer ones, more subject -
to destructive fluctuations in populations, and more _vulnerable t_b invasions. Ramon Margalef
(1963) also elaborated a theory based on the premise that speciés diversity was the comerstone of
- én emergent stable system. He observed that, as ecosystems matured, there was an increase in

- structural complexity and a decrease in energy flow per unit biomass. In mature climax 'sy'stems,

he said, the future is more dependent on the present than it is on inpuis coming from the outside.

In other words, the stab’iliiy of the eéosys_tém depends in part on its biclogical diversity and on the

. complexity. of its food webs.- This hypothesis becamé accepted dogma as a result of the

Brookhaven sympdsium in 1968 (Woodwell & Smith, 1969).

However, by the'early 1970s Robert May’s (1973) analysis of randomly generated statistical

models of ecological communities led him to believe that diversity destabilizes community

dynamics. Other ecologists (Yodzis, 1981; Pimm & Lawton, 1978) using similar approaches found .
results that supported May’s hypothesis. | ‘ '

Sincé the Convention on Biodiversity was signed in 1992, ecologists have been deeply divided over
the potential effect of biodiversity on ecosystem processes. Interest in the divéfsity-stability
hypothesis was rekindled following the publication of a collection edited by Schulze and Mooney
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(1993). Since the first experiments were carried ouf at Imperial College London in the 1990’ )

(http://www.diversitas-international.org/), dozens of experimental studies have been conducted

around the Wo_rld_. The most significant of these have been jhe Cedar Creek experiments
'(http://cedarcreek.umn._edu/) led by Tilvman (Tiiman et al., 2001), and the BIODEPTH experiments
(http://www.cpb.bio.ic.ac.uk/biodepth/contents.html) led by Andy-Hector (Hector et al., 1999).

More recent evidence has contradicted May’s éaflier findings. The baéic argument for a positive
re_lationShipI between diversity and stability at the community level rests on evidence of averaging
and negative covariance effects (Tilman, 2000; McCann, 2000). Ihcreasing diversity increases the
odds that communities will contain species that may survive adverse changes in environmental
C6nditions Moreover, species within a given trophic level often compete with each other.

: Consequently, when one species decllnes others are freed from competltlon and increase. Thrs |

" reduces the population variability of the.community as a whole (Naeem, 2004).

Compensatory growth is a widely observed process by which one species within a functional group
often increases in response to the reduction or loss of another in the same functional group. A
larger number of species per functional group increaSes‘ the pr’o_bability that compensatory growth
wil_l'.occur'(Naeem & Li, 1997). Species coexist because of trade-offs (1) between their competitive
abilit_ies and their dispersal abilities; (2) between their compétitive abilities an'd their susceptibility to
disease, herbivory or predation; (3) between their abilities to live off average conditions and their
abilities to exploit resource pulses; or (4) between their abilities to compete (Tilman, 2000).

May's (1973) results reflected the fact that in randomly constructed.Communities, strong consumer-
resource interactions are unlikely to be coupled to wéak interactions that dampen'their destabilizing
effects. Increasing diversity can increase food-web stability under one condition: the distribution of
. bonsumer—resource interaction strengths must be skewed towards weak interaction strengths
(McCann, 2000). The weight of evidence now suggests that variable population densities sum to
produce a relatively constant biomass at the community level. Diversity must now be added to the
list of factors — including spe‘cies c'om‘position, disturbance 'r.egime, soil type and climate — that
influence ecosystem functioning (Tilman, 2000).
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Whole ecosystem studies became increasingly unfashionable in the 1970s due to the loss of _

- CONSensus in American society that urgent action was required to protect th‘e environment, a decline
in public trust in the goVernment, and a growing resistance to active government intervention in the
economy. For example, when NEPA 1970 introduced Environmental Impact Assessment, ecologists
learned to base their recommendations on just a few key issues (Bocking, 1995). The demand -
generated by impa'ct assessments for scientific evidence reflected the demand of American
regulatory proceedrngs for evidence that could be considered factual and valug-free. In the Hudson
River Power Station hearings, ecologists found that by focusing ona single fish species rather than
the entrre ecosystem they were able to provrde evidence that was more reliable and better s.urted to
the cost and time constraints imposed by the impact assessment process. | '

However, following the publication of Silent Spring in 1962, public concern grew about the effects of
pesticides on fish and wildlife and the threat of cancer in humans. Because of the muitiple sources,
pathways, and routes of exposure to toxic substances in the Great Lakes Basin, the Science
Advisory Board recommended an “ecosystem approach’f to the International Joint Commission for
the assessment and control of pollution in the Great Lakes (IJC, 1978a & b). The ecosystem

- approach has become the framework through which environmental activists, industry, the scientific
community, government and the public have created a shared vision of the future of the Great Lakes
region (Bell, 1994). It has been widely copied elsewhere (Convention on Biological Diversity COP-5
20'04"Maltby & Weir, 1996; U.S. CRS, 1 994) Some simply view the ecosystem approach asa
process of collaboratrve decision-making (Keystone Centre, 1996), a matter of gettrng enough people
1o the table SO that socrety can make a decision about your value choices. '

An ecosystem or adaptive management approach to policy and planning has emerged since the
'1970’s (Christensen et al., 1996; Lubchenco, 1994; Walters-& Holling, 1990; Walters, 1986; Holling
ed 1978). It starts with an acceptance of scientific uncertainty, policies as experiments and the
need to learn from experience - that it is better to accept change and prepare for it. Human berngs’
and their institutions are parts of the system under study. As amanagement approach, it attempts
to accommodate rhultiple values and interests. Ecosystem management also seeks to balance
current use with future needs and to avoid foreclosing any vital options. It defines progress in

sustainable ways. The goals of ecosystem management (Grumbine, 1994) are to maintain viable
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populations of all native species, maintain evqutlonary and ecological processes, and to
incorporate within a system of protected areas a representative selection of ecosystem types
across their natural range of variation. Ecosystem management hopes to accommodate human
'use and occupancy within these constraints. |

Some think that a paradigm shift in theory end practice (described in Table 3.1) is already underway.

" Table 3.1 The Paradigm Shift in Environmental Science.

Resources Ecosystems
Humans | “Humans and other species
Laboratory Field

Reactive | Proactive
Short term effects | Long run sustainability
Discipline-based approaches Multi-disciplinary approache's
Fragmented studies .| Integrated assessments |

Paradigms shape how people perceive problems and filter and evaluate evidence; A paradigm is
the dominant intellectual perspective defining the conduct of inquiry in a given domain. It is the
fundamental conceptual framewofk for a subject matter, defining What should be studied, what
questions should be asked, and what rules ehould be used to interpret the answers _thet are |
‘obtained. The paradigm is the broadest unit of consensus, defining normal science within a
scientific community and serving to differentiate one scientific commuhity from another. (See
Funtowitcz & Ravetz, 1992; Kuhn, 1970.) Paradigms also serve ideological functions because, as

bellefs about what the world is like, they are used to legitimize or justify courses of action.

- 3.1 Criticisms of the Ecosystem Approach

- One of the major obstacles limiting the Standing of ecology, as a science, is the lack of a commonly
accepted theoretical framework (Vigerstad & McCarty, 2000, Schneider & Kay, 1994).. Whereas
Odum (1953) once hoped that the ecosystem would be the unifying concept in ecology, others
 claim that the concept is fading from ecological theory (O’Neil, 2001; Worster, 1990).
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Few ecologists today study whole ecosystems. The most’challenging and practically important
' probleme of contemporary ecol_o_gical science occur over much longer time scales and much larger
‘spatial scales than are currently being investigated. May (1 999). found, for example, that 'only 25 %
of ecological field studies exceeded plo.ts10m2 in size and forty percent lasted less than a year.

Some critics even question the existence of e'coeystems (F'itzimmons',' 1999; Kapustka & Landis,
1998). More then sixty years after Tansey first proposed the concept, ecologists have not ye_t :
develope'd a recognized classification scheme for ecosystems (U.S. NRC, 1993)." Ecosystems are
mental constructs not real entities. | '

Those who accept the usefulness of the ecosystem concept cannot agree on the nature of
ecosystems. For some, ecosystems are tangible spatial entities, patchworks of living biological
communities, governed by the laws of natural selection and evolution (O'Neil et al., 1'986). O’Neil
(1996) called them localized transient experiments in species interaction. Still others think of _
ecosy'stems as a nested set of diffuse temporal funetions, explaihing thermodyham'ic processes such
“as energy flows and nutrient cycling (Allen & Hoekstra, 1992; Kay, 1991). Finally, the concept is
often used as a convenient heuristic device to describe the problem space being studied. Natural
~scales of integrat'ion can be used to s_tudy issues such as deforestatioh (Bormann et al., 1974). A
medium of interaction such as water ean be used to represent the processes affected, and to define
the boundary of a system such as a watershed that is being studied. Moreover, ecosystems
themselves have become the subject of action plans or response strategies (EC, 2000; EC 1995;
CCME, 1996; SC, 1994). o |

Strenuous opposition comes from those who claim the ecosystem-approach is unscientific or
simply not useful (e.g., Suter & Bartell, 1993). Thinking and acting in terms of ecosystems -
challenges the norms of conventional science. One commentator referred to the ecosystem
approach as the-end of the world as we know it (Gibson, 1994) because we now face an uncertain

world, where there are no longer any linear cause and effect mechanisms to blame.
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Ecosystem studies in recent years have come to re'ly on normative constructs such as health and
ihtegrity. Critics insist that values, moral and ethical concerns, have no‘p|ace in scientific inquiry, - -
and defend 's‘c_ience as methodology for acquiring objectivé information through observation and
’experimentati'on (Lancaster, 2}000; Gi]bertson, 2000; Kapuétka & Landis, 1998). However, they -
confuse means with ends. For éxample, the 1JC (1997) still uses scientific methods to achieve its
“fishable, drinkable, and swimmable” goals for the Great Lakes. Water quality objectives are based
on aquétic.toxicology studies, using experimental Qfganisms under controlled laboratory conditions,
and these objectives are incorporated in standards or'guidelines that are enforced through periodic

| sampling (Gilberston, 2000).

Critics of the ecosystem approach have a different orientation to science than supporters. They
prefer traditional reductionist scientific methods, which require the investigator to choose a narrow
- enough study focus to permit hypothesis testing under controlled conditions. Typically this means
a focus on the effects on individu}al organisms while ignoring issues that affect other levels of
biological organisation. Underscoring this point of view is the belief that evolution and natural
selection operate exclusively at the level of the individual (Kapustka & Landis, 1998; Williams,
1966). Therefore risk assessments and recovery plans should be tailored to the life history needs
of individual species (Goldstein, 1999). The critics go further by suggesting, for example, that any
effects that cannot be accounfed for by conventional single-species toxicity tests are unlikely to be
accounted for by ecosystem-level responses (Suter, 1998 personal communication). In other:
words, if one’s goal is to protect individuals, ecosystem-level effects can be disregarded.

On the other hand, ecosystem-level assessments are clearly required when ecological processes

such as acidification or eutrophication are involved. Traditional toxicological methods have failed

to deal with ecosystem complexity énd cannot be relied upon to evaluate or interpret ecqlogical

~ effects (Munkittrick & McCarty 1995, Harris et al., 1990). Ecologically relevant changes generally
involve growth and reproduction or survival regardless of the biochemical factors involved.

- Schindler (1987) found in his studies that indirect effects were nearly always more significant than
direct effects. These indirect ‘effects i'n'clude changes in individual behaviour, species composition
and survival, population levels, food and habitat availability. Moreover, lab results are not helpful in

dealing with complex mixtures or synergistic effects. Lab findings are also rarely extrapolated to
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populations and confirmed in the field. As well, pollutant or Speéies-at-a-time response strategies
are increasingly impractical in today’s world.

More recently, the ecosystem approach has come under.fire from critics who say that it is
intellectually dishonest, u'sing ficﬁons about nature to lend scientific credibility to what are essentially
spiritual, romantic ér ethical ideals (LeRoy & Cooper, 2000; Fitzimmons,. 1999). Moreoyer, they feel
that these ideals will also mean that we will have to revise ground rules under which sociéty
operates, Ieadiﬁg to more authoritarian and less democratic decision-making, and a signifidant
erosion of,property rights and individual liberty. -

3.2 Ecological Risk Assessment

Risk is a combination of two factors: the probability that an adverse event will occur, and the

consequences of an adverse event. Risk analysis has only recently been applied to ecological

issues. EPA’s Framework for Ecological Risk Assessment (1992) extended the-four-sfep
paradigm, developed by the NRC in Risk Assessment in the Federal Govermnment: Managing the

Process (1983) for health risk assessment, to ecological issues. The starting point for developing

the framework and guidelines in North America was the work of Beanlands and Duinker (1983) and -
_Barnthouse and Sutef (1986). Both EPA (1992) and Environment Canada (1996) have since
developed guidelines for ecological risk assessment. Ecological risk assessmént is an assessment
of the risks of business as usual, not an evaluation of the potential benefits from alternatives to
business as usual. | |

Historically, practitioners have insisted that risk assessment must be kept separate from risk |
management.('see'e.g.; Ruckelshaus, 1985, }an.d Suter & Bamthouse, 1993). They claimed the role
of the risk assessor, as a subject-métter expert,.was to provide objective answers to weII-defined
technical questions. Complex policy choices involving subjective value trade-offs were thought to -
be better left to risk managers and politicians. Munkittrick (2004) has identified three fundamentally
different approaches to assessment: the stressor, effects, and value based approaches (see Table
3.2)
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Table 3.2 Comparison of Differ

ent Approaches to Assessment |

Focus | Stress-response Ecological indicators 'Ecosystem uses or benefits
Boundaries | Impact area Biological components Human uses
Advantage Based upon experience | Field studies : User-surveys
Disadvantage Ignores interactions and Time and expense of Not based upon ecosystem
9€ | cumulative effects baseline monitoring properties or responses
Question How to mitigate critical What factors limit system | How do | protect important
. ' impacts? performance? uses?

Source: adapted from Munkittrick, 2004

In Munkittrick’s terms traditional risk assessment combines the values and stressor-based
apprbaches that focus on potentiél s_tresSor_-response pathways an'd on valued ecosystem
components or uses. Stakeholders play a different role in the stressor and effects based approach

- to assessment (Munkittrick, 2004). In the stress-based approach, stakehoiders help define the .
valued ecosystem components, while in the effects-based épproach their role is to help define
whether or not the changes are acceptable. '

Ecological risk assessment is a three-stage prbcess used to estimate the probabi!ity of adverse
effects on plants and animals from exposure to stressors (chemical, physical or biological agents
that may induce adverse éffects). The process inbludes problem formulation, analysié of exposure
and effects, ahd risk characterization. (See ,U.S.EPA‘, 1992 and EC, 1996.) The results of
ecological risk assessments, in most cases, are not scientific estimates of actual risk, but
 conditional estimates of the risk that could exist under specified sets of assumptions. The state-of-
the-art practice in ecological risk assessment is an expert judgement process (U.S.EPA, 1992).
Combined with political, engineering, social and economic informati'or'\, it can be useful for quiding

decisions about risk reduction.

| 3.2.1 Problem‘ Formulation

Problem formulation is the planning stage of assessment. Goals are set, data gaps are identified and

a conceptual framework for assessment is adopted. Identifying the actual values to be protected

(assessment endpoints) and selecting ways in which these can be measured and evaluated
'(measurement endpoints) are the most important steps in this process (Suter & Barnthouse, 1993).
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Thé conceptual framework describes how the characteristics of ecological systems (endpoints) are.
affected by exposure to stressors. There is no commbnly accepted set of valued ecosystem -
components, attributes, processes, or relationships, that is used either as the focus of the
assessment or to define its scopé. Although selection and articulation of goals and endpdints is
critical to the success of any aséessmeht, there is no guidance given on how this should be done or
whorm to involve in the process (Menzie-Cura, 1996; U.S.EPA 1994). o

Ecological risk éssessments typically evaluate the effects of stressors on individual organisms. :
Only rare‘Iy are the effects at a biochemical, individual, population or commu_nity level evaluated in
terms of the consequences for the ecosystem as a whole. Community changes are ecologically
relévant, but may only be detectable after a long time lag, may be difficult to reverse, and may be
the result of changes that are difficult to define. At the other extreme, biochemical responses
happen quickly, énd can more often be related to specific_ causes, but may ha\)e little ecological
relevance and are easily reversed. The exact nature of the changes being monitored depends on
the endpoints that' will be used in management decision-making. However, it is important to
deveIOp' an assessment approach that balances protection and detection with reversibility and

: felevance (Munkittrick, 2004). Society needs sufficient wamning to adapt tb any unanticipated

consequences before they become irreversible.

How ére problems defined and how big a Change warrants action? A consensus is needed on the
nature of changes that are socially or economically uhacceptable. For example, loss of a
-commercially valuable fiéh species-or contamination that prevents consumption are obvious
problems. Ecosystems where fish cannot grow or reproduce at a normal rate or sUrViVe a normal |
lifespan are less obvious. Significant changes ih growth, reproductive development, and energy
storage and age dist_ributioh are a warning Signs that fish populations may be at risk to significant
damage, which could threaten the survival of the species (Munkittrick, 2004).

If the problem is defined incorrectly or too narrowly, time and effort will be spent exploring and
implementing solutions that are inadequate, less effective or more costly than need have been. It
is now recognised that the analyst should collaborate with risk managers and stakeholders in

formul_ating the assessment problem, taking into account the economic, social and political
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considerations related to the questions being addre'ssed (Commission on Risk Assessment and
Risk Management, 1997; Menzie-Cura, 1996; EC, 1996). Stakeholders are more likely to accept
and implement decisions in which they have had a role, and to bring to the table important ‘
‘inform_ation, knowledge, expertise, an'd_ insights for crafting Workable solutions. If they do not
participate in formulating the assessment problem, the analysis is less likely to provide useful
information for decision-making. |

3.2.2 Analysis of Exposure and Effects

The analysis stage of ecological risk assessments involves consideration of exposure and effects.
Tne potential sources of exposure, pathways of contamination (e.g., air, water, soil and sediment)
and ultimate fate in the environment are determined.. As well, the spatial and temporal patterns of
© exposure are investigated. Susceptibility and linkages with adversé effects are evaluated. Stress-
response relationships are quantified._ Ecological risks are more complex than threats to human
health because they involve multipie endpoints, sources, and pathways of exposure. Moreover,
ecological risks are often interdependent. Consequently, the results of the analyéis are frequently
un'certain. A high degree of professional judgement is required to interpret them, and preliminary
Conclusions must often be revisited when new findings cast light on earlier deliberations and
decisions. Therefore, a tiered.o'r iterative approach to assessment is now recommended
(Commission on Risk Assessment and Risk Management, 1997; Menzie-Cura, 1996; EC, 1996).
There is no Ionger_any pretence that ecological risk assessment provides “hard” answers or is
‘free” of outside influences. | | |

3.2.3 Risk Characterization

_’ in risk characterization, the likelihood that adverse ecological effects could occur as a result of
exposure to stressors is evaluated. The significance or consequences of the risks may also be
addressed. Unfortunately, there is seldom enough information to quantify stress-exposure-
response relationships. So riék ass'es'éors must Us'e a combination of scientific information and

their best judgement to characterize risks. Considerable professional judgement is called for in

-evéluating the underlying data and studies for accuracy, reliability and relevance. There is no
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consensus on how to evaluate the “weight-of-evidence” (Commission on Risk Assessment and
Risk Management, 1997; Menzie-Cura, 1996). Experts are largely responsible for deciding how
much importance to assign to 'd_ifferences"in probability versus differences in magnitude of harm,
and how to account for qualitative differences in outcome (Graham and Hammitt, 1996).” Their
choices of risk metric, time frame and context have an important bearing on decision-making.” -
Otten the approacii adopted reflects an individual’s professional point of._view, and} the process and -

conclusions may not be transparent to others.

Ecologicel.r_-isk assessments involve a high degree of uncertainty. Sources of uncertainty include |
the following: the inherent randomness of the phenomena being studied (stochastic); imperfect or
incomplete knowledge (ignorance); and outright mistakes (error). From a ciecision-maker’s
perspective, the level of uncertainty in ecological risk estimates rarely receives due consideration.
Stakeholders may react differently to uncertainty in decisi_on-making. For example, risk menagers’ '
may fear “paralysis by analysis”. Industry. sometimes denies responsibility and demands “proof” of
the linkage between cause and harm. The public frequently is less concerned about proof than the

need for “prudent action”.

The assessment of ecosystem risk includes value judgements about more than the probability and

‘consequences of ecological effects (Kunreuther & Slovic, 1996). Ecological risk assessment

depends on expert judgements at every st’age of the process, from the initial structuring of the risk
problem, to deciding what consequences (endpoints) to include in the analysis and‘what

-constitutes harm. Every way of presenting information is a frame that has a stron'g influence on

decision-making.

‘Persistent policy disagreements about risk acceptability have their origin_ in different value or belief

systems: how to define risk and related concepts, how much weight or i'mportance to attach to the
different dimensions being considered, how to frame or structure the decision or problem (Vaughan
& Seifert, 1992). Unless a common framework is negotiated, a consensus or agreement may not -
be possible. Moreover, when dissimilar frameworks are used, more information, regardless ofits
quality, will do little to narrow differences because information judged to be important from one

perspective might be deemed to be worthless from another. -
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Expert judgement contributes operational definitions and measurements of assessment values and
management goals. Measurement endpoints are characteristics or attributes that may be affected by
exposure to a stressor (Suter, 1990). Ideally endpoints shduld be policy relevant, operationally -
defined and measured,‘using a standard procedure with a documented performance and low
measurement error. Measurement endpoin.ts should be interpretable: that is to say, it should be
possible to dis_tinguish acceptable from unacceptable' conditions in a séie_ntific and legélly defensible
way. They éhould be timely, providing information quickly enough to initiate management action

before unacceptable damage occurs.

Industry and public interest groups have completely different perspectives on evaluating evidence.
Industry groups tend to be risk takers who want the offsetting benefits of risky activities taken-into
- account.” Public interest groups tend to be risk averse, and frequently want multiple criteria taken

into consideration.

De minimus or zero levels of risk may not be achievable or measurable. - Even the notion of a
threshold level of exposure may be a fiction. Damage often occ‘urs’at lower levels of exposure,
éspecially to the more sensitive members of a population or vulnerable components of an- -
ecosyStem. In fact there may be no threshold level of exposure for many envi_ro_nmental pollutanté.
Optimal allocation and limited budget criteria suggest that efforts to reduce risk beyond a certain

level may not be worthwhile because the costs may be prohibitive or the returns negligible.

Many of the environmental issues dealt with in ecosystem risk analysis are inherently uncertain
and perhaps unknowable. The public is not likely to be concerned about an environmental issue
until it feels that it is directly threatened or can actually observe the effects of such changes. Due

- - tothe way in which the ecb'system responds to human intervention (long lag times or feedback

loops), by the time it is possible to observe these effects, the ecosystem is already under major
stress and significant adverse changes have already taken place. Itis therefore very difficult to

muster stakeholder and publib suppon for action during the initial stages of the stress—response

curve. Early in the life cycle of an issue much can be learnt, non-reversible changes can be

avoided, and more expensive risk management can be put off. We are often forced to act and
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learn from expe‘rlence Therefore, experts may be called upon to help policy makers choose an
appropriate interim response strategy based on the current state of knowledge before all the
necessary evidence have been assembled

Environmental decision-making faces several challenges. Decision-makers are forced to allocate
time, money, and effort on an ongoing basis to reselving a broad range ef environmental issues.
At any given time, knowledge about many of theee issues is incomplete or highly uncertain,
Because knowledge is acquired incrementally, it is critical not to foreclose future options and_to :
leave roo‘m;for mid-course adjustments. Moreover, if budgetary constralnts_ are a paramount
consideration, the tendency to waste resources on innocuous concerns or td allocate an inordinate

amount of resources to controlling small risks must be curbed.

3.3 The Context for Environmental Decision Making

It was onlyin the early 1970s that the enyl'ronment was recognized for the first time as a distinct
focus of public policy and domain of constitutional jurisdiction. An ecological perspective was
~ explicitly adopted in desc_ribing the need for better stewardship of the environment:

“Only when the source and effects lie within a particular jurisdiction, does a
government have the incentive and jurisdiction to deal effectively with environmental
issues. Because the effects of many problems spill over Junsdlct_lonal boundaries or -
the source lies outside but the effects are felt within its boundaries, it was recognized

* that joint action by one or more jurisdictions, domestic and foreign, is now required to
deal effectively with most environmental issues. Moreover, for the first time, a danger
to the environment of a state was recognized as a threat to its securlty

“Man and all living things are subjects of a global system This global system has

many component ecosystems, all interdependent; all tied together by an infinite web of

-~ linkages... the biosphere; the living part of the land,-water and atmosphere of the

~ planet... A thin envelope circling the globe... sustains a hierarchy of millions of plant

- and animal species, including man, all interconnected and dependent upon one
another for life support. Itis this living system that is threatened... in discussing the
pressure of human activities on air, land, water and other resources, the primary
concem is always with the side effects of this pressure on the biosphere and
especially on human health. Furthermore there are four characteristics of global
ecological systems, which at the time appeared to be central, both to the relationship
between human activity and environmental quality, and indirectly to the appropriate
role of government in environmental management. These are the fact of a finite
planet, (our dependence on the products of) photosynthesis, biological magnification
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(of chemical contaminants in the food chain) ahd the rising level of the by-products (of
combustion) in the atmosphere.” '
(MacNeill 1971 pp.10-11).

In Canada, when the federal environmental ministry became a reality in 1971, the focus on

ecosystems and the heal_th of the biosphere was forgotten, and the ministry was organized along
traditional resource management lines. Existing services (e.g., weather, fisheries, forestry) were

simply repackaged.

 Conservation activities concentrated on the establishment of protected areas (e.g., new parks). An

environmental protection service was established for the first time. It reflected the industrial
organization of the economic sectors it regulated and typically concurred with the prevailing

~ consensus about what was technologically and economically feasible. Source-oriented discharge

| -Ilevels and effects-based environmental quality' targets (for air, drinking Water, soils and sediments,

fish and game) were set for the more common pollutants, reflecting notions about how much
contamination could be absorbed without lasting harmful effects.

In response to a series of mega-projects, such as the James Bay dams and diversions, and the
McKenzie Valléy pipeline, the public insisted that the goVerhment chduCt impartial environmental
imbact assessments of major'development projects (such as dams and diversions, pipelines), énd
that their more significant impacts be mitigated throughout the project’s design, 'construction or
operations. Public review of persistent, bioaccumulating, toxic chemicals was also undertaken and

independent regulatory action initiated. In a country é_s large and diverse as Canada, the uneven

~ distribution of its population and industrial development has resulted in a “brown field - green field”

effect. Remedial action plans were undertaken to clean up the most significant contaminated sites
and natural systems (e.g., Great Lakes action plans.) The loss of wildlife habitat and “charismatic -

mega-fauna”, such as grizzly bears, and wolves continues to be a source of public concern.

After all this effort and expense, why are governments and industry still struggling to get a passing
grade on their environmental 'report cards? These initiatives dealt primarily with the effects rather
than the sources of environmental problems. Population growth, household formation,

* consumption and lifestyle choices continue to be the source of overwhelming pressure on
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_environmental resources. Economic policieéand decision making (e.g., energy and food

production) often undermine attempts to achieve environmental quality goals.

As well, these initiatives failed to recognise the existencé of complex linkages and,feedbabk loops
in nature. For example, even where pafks and protected areas have been created, species are -
struggling for sukvi'val because only part of the ecoSystem necessary fof their sur\)ival is protected
br because of the impéct of competing human use. Resource management activities, such as
budworm sprayving, have often made natural ‘systems more vulnerable to catastrophic chan‘ge. :
Everywhére, due to the global cycling of pollutants, we can find traces of chemical contamination,
even in pristine systems, such as the high Arctic, where we least exbect it. Finally, the declini_ng
marginal returns from piecemeal efforts to protect fhe environment are a source of frustrationto.

those who want a clean environment, and also want a competitive economy.
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4.0 ECOSYSTEMS AT RISK

If one judge}s_ from the debate in the scientific literature, where ecosystems were once thought to be
the unifying concept in ecology (Odum, 1953), many now think the concept is fading from sight
(Worster, 1990), or perhaps should be buried with “full military honours” (O'Neil, 2001). Others
question the existence of ecosystems (e.g., Fitzimmons, 1999) or claim that the concept is simply

~ not very useful (Suter, 1998). However, the world's leaders seem to disagree.

The Millennium Ecosystem Assessment (MEA) was called for by United Nations Secretary-General
Kofi Annan in 2000 in his report to the UN General Assembly, We the Peoples: The Role of the
United Nations in the 21st Century. The achievement of the UN’s millennial development goals is
jéopardis_ed by the sorry state of the' world’s ecosystems. Governments subsequently supported
the establishment of an international assessment panel, through decisions taken by three
international conventions, and the MEA was initiated in 2001.

The goal of the MEA is to assess the cbnsequences of ecosystem change for human well-being
and to establish the scientific basis for actions needed to enhance the conservation and
sUstainabIe use of ecosystems and their contributions to human well-being. The premise of the
assessment is that _people are integral parts of ecosystems, and that a dynamic interaction exists
between them and other parts ef their ecosystems. Changing human conditions are driving, directly

and indirectly, changes in ecosystems, which impact human well-being.

The Millennium Ecosystem Assessment (in press) will synthesize information from the scientific
literature and relevant peer feviewed datasets and models. It ianr'pOrates knowledge held by the
private sector, local communities, and indigenous peoples. - The MEA did not aim to generate new
primary knowledge, but instead sought to add value to existing information by collating, evaluating,}
- summarizing, interpreting, and Communicating it in a useful form. It recognised that the scientific
and assessment tools and models needed to undertake a cross-scale integrated assessment and

to project future changes in ecosystem services are only now being developed.

31




Ecosystem services in the MEA's terms are the benefits that humans obtain from ecosystems.
They include the provision of food, fuel, fibre and water; non-material benef_itsvsuch as aesthetic
appreciation, recreation, and spiritual renewal; the regulation of ecological processes such as
climate, flood, drought and disease; and the maintenance of basic processes sueh as soil
formation, nutrient cycling, and primaryﬂ production.

The demand for ecosystem services has become so great that trade- offs among services have
become the rule (Samper, 2003). For example a country can increase its food supply by convertmg
a forest te agriculture, but in doing so, it decreases the supply of services of equal or greater value,
such as clean water, timber, flood regulation or drought control. There are m’any’indications th_‘at
human demands on ecosystems will continue to grow in the coming decades. Current estimates of 3
billioh more people and a quadrupling of the world economy by 2050 will escalate the consumption of

natural resources and the scope and severity of the associated environmental impacts.

The bottom Iine

At the heart of this assessment is a stark warning. Human activity
is putting such a strain on the natural functions of the Earth that
the ability of the planet's ecosystems to sustain future o
generations can no longer be taken for granted.

The provision of food, fresh water, energy, and materials to a
growing population has come at considerable cost to the complex
systems of plants, animals, and biological processes that make the
planet habitable. |

As human demands increase in coming decades, these systems will
face even greater pressures - and the risk of further weakening
the natural infrastructure on which societies depend.

Protecting and improving our future well-being requires wiser and
less destructive use of natural assets. This in turn involves major

changes in the way we make and implement decisions.
v (MEA Board, 2005)
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’The Millennium Ecosystem Assessment (2005) has reached four main conclusions:

i) Over the past 50 years, humans have changed ecosystems more r'apidly and extensively than
in any comparable pe_riod of time in human history, Iaigeiy to meet rapidly growing demands
for food, fresh water, timber, 'fibre,vand fuel. This has resulted in a substantial and largely
irreversible loss in the diversity of life on Earth. _

2) The changes that have been made to ecoéystems have contributed to substantial net gains in
human well-being and economic developm.en.t, but these gains hai/e been achieved at growing -

~ Ccosts, nave often exacerbated the poverty of disadvantaged groups of people, and have |
increased risk of non-linear chang.es. Examples of non-linear t:hanges include: -

o Disease emergence |

| o Eutrophication and hypoxia“
o Fisheries Coiiapse »
o Species introduction and losses
o Regional climate changé ‘
These problems, unless addressed, wil substantially diminish the benefits that future
generations obtain from ecosystems. .

3)" The degradation of ecosystem services could grow significantlyv worse during the first half of
this céntury and is a barrier to achieving the Millennium Development Goals of the United
Nations. v. ' | , '

4) To reverse the degradation of ecosystems while meeting and increasing demands for their
services requires significant changes in policies, institutions, and practices that are not

currently under way.

What are the most critical factors causing adverse ecos'yste‘m changes? The MEA (2005) uses
the term drivers to describe the factors Causing adverse changes in ecosystems. Others have
- used the terms “pressures” or ‘threats”. The MEA identified the following drivers:

. Direct Drivers _
e The most important direct drivers of change in ecosyste‘ms are habitat change (land use
change, physical modification of rivers, or water withdrawal from rivers), overexploitation,

invasive species, pollution, and climate change:
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o Forterrestrial eccsystems the most important drivers have been land use changes and the
application of new technologies |
o For marine systems, the most important driver has been_ fishing.
‘o Forfreshwater ecosystems, the most important drivers have been modification of water -
regimes, rnvasrve species, and pollution. ' _ .
~o For marine, terrestrral and freshwater systems excessive nutrrent toadrng is one of the

- most important direct drivers of ecosystem change

Indirect Drivers:
. Demographrc drivers — global populatron growth migration and settlement '

~« Economic drivers - industrial production, and changes in the structure of consurnption

Humans are re-engineering ecosystems on a planetary scale with little understanding of the
consequences for themselves and other living things. Most of the driving factors identified in the

- MEA are critically reviewed and discussed in this chapter The chapter provrdes the context for this
study of the different expert conceptrons of ecosystem risk.

4.1 Human Populatron Growth and Consumptron

Current estimates of the world’s population exceed six billion people During the twentieth century
the world’s population increased 3.7 fold (Cohen, 1995). The world’s population doubled in the
second half of the twentieth century; never before has the world’s'population doubled in anyone’s
lifetime. In absolute terms, putting the first billion people on Earth took from the beginning of time -
to about 1830 and adding the last billion took about twelve years (Cohen, 1997§ Keyfitz, 1989).

The world’s urban population increased from about 0.2 biIIi‘on 10 2.9 billion in the twentieth century
(Population Reference Bureau, 2004; UN Development Program, 2000). Over the last forty years -
the urban share of the world's population has incre'ased from a third to almost one half of the global
total. Fifty percent of the world’s population inhabits less than three percent of the available land -
area at average densities of greater than 300 people/km? (Small, 2001). In 1960, only New York

andTokyo had more than 10 million people, but by the end of the twentieth century there were




more than fifteen m'ega cities. The number of oitiee with populations in excess of 1 million

increased from 17 in 1900 to 388 by the year 2000.

Cultural breakthroughs_have resulted in three surges in human population growth. Each

breakthrough helped increase human population more than ten fold. Between 200,000 and 40,000
years before present, humans organized into bands of hunter/ gatherers and through language
passed on. to each succeeding generation the knoWIedge ot how to build shelters and fires, and
how to make clothing and tools, atlowrng them to live in diverse habrtats and spread throughout the

| world The emergence of agriculture and the rise of towns and crtres about 12,000 years before
: present helped humans to increase the carrying capacity of various habitats. Finally, the industrial

and agricultural revolution, as well as |mproved medicine and sanitation, helped humans srdestep

- most of the limiting factors to population growth. Adding another brlhon people to the world’s
~ population is taking less and less time (see Table 4.1). |

~2 ooo 000 years 5 10 mrllron

| | ~10000BC |
| 10,000years | 1AD. l 170 million |
|  1,800years | 1800 | 1,000,000,000 |
| 130 years B 1930 | 2,000,000,000 |
| 30 years 0 1960 | 3,000,000,000 |
| 15 years I 1975 || 4,000,000,000 |
| 12 years 1 1987 . ]| 5,000,000,000 |
| 6 years L 1999 | 6000000000 |

' Source: McMichael 1993, Gibbons 1963, Deevey 1960

Notes: On October 12, 1999 the population of the Earth reached 6,000,000,000 - "Y6B"
World Population Clock: http://opr.princeton.edu/popclock/

- Ofthe 6 billion people currently living, about half live in poverty and at least one fifth are severely

under-nourished. The rest live out their lives in comparative comfort and health. Present estimates

are that the world’s population will reach 8 to 12 billion before the end of the twenty-first century

(Sustainableworld.Com 2004; UN Pooulation Division 2002;' U.S. Census Bureau International
Data Base 2000). |
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~Nearly 99 percent of all the projected population increase is taking place in poor nations, while

- population size is static or declining in the rich nations. Among major industrialized nations, _
currently only the United States_now has Significant population growth. The World Population Data
‘Sheet (2004), for example, suggests that the world popuiation could rise 45 percént to nearly 9.3
billion by mid-century. While thé populétion of developed countries would rise 4 percent to over-1.2
billion, the population in developing nations would surge by 55 percent tb over 8 billion. Countries

in Africa and south Asia would see the largest increases.

The global population growth rate peaked at 2.1 percent per year in the late 1960s and has since
fallen to 1.4 percent (Popuiation Reference Bureau, 2004). However, if every couple on the’pianet
~ decided to have only two children today, human population would keep growing for another siXty

years because a third of the world’s population is about to enter their reproductive years.

Since the mid-1990s the number of environmental refugees has outnumbered those from war, and
could double in the next in the next ten years (Myers, 2002; UNFPA, 2001). Population projections
do not take explicit account of possible environmental feedbacks on mortality. First, there is no |
__consensus on the limiting factors to population growth or the human carrying capacity bf the
environment. On the contrary, the rang'e of these estimates has widened over time (Cohen, 1995).
‘Second, even if there were a consensus about the relevant factors it may be too difficult to project

the future impact of these factors on population growth (Keyfitz, 1982). Thi'rd, even if these factors
could be reliably predicted, their effects are mediated through economic, political, and cultural
systems in ways that are not possible to quantify with confidence (Co'hen, 1998).

A giobal population of six biIIionv for our species is extraordinary. For most of human history, until
the agricuiturai revolution started about 10,000 years ago, humans were apparenily about as rare
or abundant as camivores or omnivores of comparable we'ight. Cbhen (V1 997) thought that the
allometric relat'ionship between body size and population density could provide insight into whether
the pre-agricultural population of 2 to 20 million people or the current p'opuiation of 5 to 6 billion
people is unusual. Generally the more a typical adult weighs the fewer numbers of individuals per

unit land area at any one time. Therefore, if humans took on the role of large tropical herbivores, as




the result of inventing agriculture, Cohen (1997) thbught their global abundance should currently
fall between 91 million and 190 million.

There are no easy answers to the question: “How many people can the earth support (and of
course at what level of well-beihg)?” Cohen (1995) suggested we think in terms of three possible
but nonexclusive strategies: | | |
1. Makea bigger pie: Increase human prodUciive capécities thrdugh teéhnology and
innovation | | |
2. Put fewer forks on the table: Reduce numbers and expectations of people through such
means as family planning and vegetarian diets |
| 3. Teach better manners: Change the terms of people’s interactions through improved
planning and government to enhance _socialljustice.

Humans are by far the main threét to the world’s ecosystems. The wealthiest billion people
consume the most and genératé the most waste. The poorest billion are destroying their resource.
base in the daily struggle to avoid starvation. In addition, there are the billions.of people in between
who are doing their best to increase their own standard of living, largely through increased

consumption.

Overall, human beings now consume between 35 and 40 percent of the net primary productivity of
global ecosystems (Pauly & Christensen, 1995; Vitousek et al., 1986). More recently Pimm (2001)
claimed that humans now monopolize 40 percent of annual planf growth, and-35 percent of the
oceans’ continental shelf production. |

4.2 Land Use Conversion

For most of the 10,000-year histdry of settled agﬁcultUre, the environmental effects of land-use
change have been scattered in time and space. According to Houghton (1994), half the world’s
croplands were added in the last 90 years, and the land used productively by humans today now
comprises 32 percent of the Earth’s land surface. Soil erosion is now a common problem with soil
loss exceeding soil formation rates by a factor of ten (Pimentel, 1993).
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- Since 1950, the so-called Green Revolution has placed a brake on further land use conversions, -
increasing yields three fold while the world's population doubled (Trewavas 2002). Current

agricultural technology permits one person to be fed from food grown on no more than 2000m2 of
cropland, where in Malthus’s time it took almost 20,000 m2 of cropland (Evans, 1998). To meet -

projected population increases and demands for diets richer in cereals and méa_t using current

technology, the globai agricultural land base in fifty years will have to increase by 18 percent,

representing a world-wide loss of natural eco'systems greater in area than the United States

(Timan et al,, 2001):

In ihe last century, half the world’s forests and wetlands were also lost in the quest for food, fuel, |
and fibre (Johnson, 2001). Plantationé provide an increasing percentage of the global harvest of
round wood, amounting to 35 percent of the global harvest in 2000. Howevér, fuel wood is still the
primary source of energy for heating for some 2.6 billion people. Fuel wood is 55 percent of global -
wood consumption. 'A'Ithough Africa only accounts for 7 percent of the world’s ehergy use, 40
percent of its energy needs are met through the use of fuel wood and charcoal. (See MEA, 2005.)

Sixty percent of Canada’s forestlands (340 million hectares) have been untouched by logging

activities for at least fifty years, and Iarge enough (at least i‘ifty thousand hectares) to conserve all

their naturally occurring species and ecoldgical processes. This amounts to 25 percent of the

untouched wild forestlands left in the world (see www.globalforestwatch.org). Over 40 percent of

the old grdwth in southern or temperate parts of Canada has already been harveSt_e'd.'

4.3 Water Diversions and L_Jse

Humans use between 45 and 50 percent of the world’s readily available freshwater (Vitousek et al.,
1997; Postel et al., 1996). Between 1960 and 2000, reservoir storage capacity quadrupled. As a |
result, the amount of water stored behind large dams is estimated to be three _to'six times the
amount held by natural river channels (this excludes natural lakes). Water withdrawals from lakes
and rivers for irrigation, household, and industrial use have also doubled in the last 40 years (MEA,
2005). Water shortages already exist in m‘any regions (water is considered to be scarce when its

availability dropsvbelow one million litres per capita), and more than one billion people do not have
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.adequate drinking water (Pimentel et al., 2004). Tvi/enty percent of the world's population lack safe
drinking water. Moreover, ninety percent of the infectious diseases in developing countries are
water-beme.' Agriculture requires about seventy percent of all fresh wate_r used by humans; for
example,on average approximately 1000 litres of water are required to produce .one kilogram of
cereal grain, 1600 litres of water to produce one kilogram of rice and 43,000 litres to produce one
kilogram of beef (Pimentel et al., 2004). New water supplies are now more likely to come from
conser\)ation, recycling, and improved water-uee efficiency rather than from ierge-scale
developmeht projectsrsuch as dams and reservoirs. | '

4.4 The Spread of Monocultures

~In 1982, the Food and Agricultural Organization (FAQ) concluded that by the year 2000, 64
countries (29 of them in Africa) would not be able to feed themselves if they continued to use
subsistence farming techniques. Of these countries, 36 would not be able to feed themselves with
intermediate farming technology (some fertilisers, pesticides, improved seeds) and 19 would not be
able feed them selves even with advanced agricultural technology. As bleak as the FAO |
projections were, they have proven to be too optimistic (Pulliam & Haddad, 1994)..

Thenks in a large part to the tripling of fertiliser use, a one-third increase in the amount of irrigated
land, and the development of high-yielding cereal varieties, many developing nations have realized
impressive gains in the production of rice, wheat, and maize. But the focus on the production of
grains for sale in commercial markets has had the’unf_ort_u'n_ate consequence of reducing the
diversity of traditional cropping systems. Farmers have adopted simpler rotations of the higher
yielding and more profitable graine, and abandoned lower calorie feods that were nonetheless
generally higher in protein and micr'onu'trients. The increasing production of these staples has
displaced the production of local fruits, vegetables and legumes that were once a vital source of

~ micronutrients. More than two billion people, about forty percent of the world’s population, now
face debilitating diseases because their diets are dangerously low in micronutrients that are

importanit for growth and develepment' (Welch et al., 1997).
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As well, varieties selected for greater yieids, or resistance to peéts or adaptability to different

- climates, do noi always have the ability to uptake nutrients at the same or a faster rate. Davis; Epp,
and Riordan (2004) examined 48 varieties of garden crops and found a consistent decling in
nutrient content between 1950 and 1999. For example, today’s ioma‘to has 40% less proieins,

vitamin C and minerals.

in the course of human history people have utiIiséd about 7,000 plant species for food. They now
rely on about 20 plant species for food, although at least 75,000 plant species have edible parts |
(Wilson, 1 989). Just three plant species, rice, wheat, and maize, supply sixty percent of the world’s
food supply (PCAST, 1998). The viability of these crops depends ori the maintenance of high '

: gehetic diversity, which allows for the developmeni of strains that are resistant to emerging and |
evolving diseases and pests (Fehr, 1984). However, FAO (1996) estimates that since the .
beginning of this century 75 percent of the’worldwide genetic di\ier_sity of agricultural crops has
been lost.

4.41 Bibtechnology :

The risks to biodiversity pOSéd by recent developments in biotechnology are ia‘rgeiy uncharted.
More than sixty plants, a dozen animals and hundreds of microorganiéms have been genétically
enginéered thus far (de‘K‘athen, 2000).‘ The most common applications are genetically modified
herbicide-tolerant and insect-resistant crops. Very few biotechnology applications have been

designed to improve diei or alleviate hunger (Dannigkeit, 1999).

Industrialized countries have adopted plant biotechnologies faster than developing countries, planting
‘three quarters of the transgenic-crops (James, 2001). The United States produces‘over two-thirds of

the transgenic crops. The next largest producers, Argentina (22%) Canada (6%) and China (3%)
cdllectively have less than half the area the’AmericariS have planted in transgenic crops. |

Globally, 11 percent of the aiea planted in canola, 7 percent of area planted in corn, and 46
percent of the area planted in soybeans is sown with transgenic crops (James 2001). The relative

share of each crop area in Canada varies considerably. The three most significant transgenic

40




crops in Canada are’canola, corn and soybeans. In 2001 transgenic varieties accounted for 76
percent, 40 percent and 28 percent of the area in Canada planted to each of these crops. The
seed techn0lo_gy of one company, Monsanto, has captured 91percent of the world market.

Thus far, development of plant biotechnology has focussed on the development of genetically
modified products that reduce the cost of pest and weed control. The supposed advantages of -
biotechnology.‘for the consumer (such as increased nutritional values, and the reduction of toxins),
for farmers A(such as lower input costs and higher yields), and for the environment (reduced use of

| pesticides and other chemical inputs) .have not been extensively documented or properly explained
(Wolfenberger & Phifer, 2001; Leisinger, 2001; Kalaitzandonakes, 1999). In contrast, the alleged’
riSks of plant biotechnology (such as the Losey etal,, 1999 study of Monarch butterfly larva) have
 received ’ext_ensive'press coverage. \_(See also'Rissler & Mellon, 19‘96.)

Transgenic crops can pose several risks to biodiversity. The risks include the possibility a
genetically modified organism may become an invasive species; gene flow from transgenic plants-
to their wild relatives; direct non-target effects on beneficial or native organisms; and indirect
effects on species that depend on weeds/seeds as food sources (Wolfenbarger & Phifer, 2001,
Fiissler & Melon, 1996). Until recently, risk assessments for commercial release of transgenic crops
did not consider their indirect effects on biodiversity. -The earliest comparati\/e studies that
considered biodiversity effects were undertaken in 1998 (Johnson & Hope, 2000). Transgenic
crops may also exacerbate the ecological problems associated with the introduction of monoculture
agriculture (Alteri & Rosset, 1999). | |

It has been argued that growing genetically modifiedvherbicide tolerant crops uses less herbicide, and
those broad-spectrum herbicides heve a lower environmental impact than conventional herbicides.
This may be true if these herbicides are replacing persistent chemicals such as the triazines, but in
terms of their impact on biodiversity, genetically modified herbicide-tolerant crops systems increase
pressure on already beleaguered wildlife in farmed Iandscap_es. For example, genetically modified
herbicide-tolerant crops are resistant to broad-spectrum herbicides, such as glyphosate and.
glufinosate. If herbicide tolerant crops are planted, these herbicides can be sprayed at will without |

: aff'ecting the growth of the crop. Because these herbicides have a broad range of-action, their use
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may reduce weed and invertebrate populations upon which birds and other wildlife depend (Hails,' :
2000; Watkinson et al., 2000). | |

‘In contrast to North America, with its extensive areas of natural vviidern_ess, much of the wildlife in
Europe, North Africa and South ‘East Asia depends on farmed landscapes. In tropical countries;
traditional iarming'methods sustain large populatiohs of over wintering birds that feed on the
invertebrates Iivmg within wet fields (Johnson & Hope, 2000). From extensive research on arable
systems in North America and elsewhere (McLaughlin & Mineau, 1995; Freemark, Boutin, and Keddy
1995; Tuck_er & Heath, 1994), it is becoming increasingly clear that the use of herbicides is a maJor
factor in the decline of farmland biodiversity. i

The greatest concerns, however, are about the potential environmental release et transgenic animals
because we cannot yet identify potential ehvironmentai problems early on.nor 'easily assess the
feasibility of their remediation. Released animals may also compete with native species for limited
resources causing population declines. The Iikelihqod of a living modified orgavnism establishing itself
in the wild is dependent on three factors. The first factor is fitnese, its ability to survive and reproduce
: euccessfuily. From a population genetics perspective, if a transgenic organism is fitter than its wild
relatives in a receiving envirenment then it will eventually replace its cousins, and if their fitness is
srmrlar both may persist in the wild. The second factor, is its ability to escape, disperse or become
feral. Third the ability of the transgenic organism to establish itself in the wild depends on the
characteristics of the receiving community itself. (See Pew Initiative on Food and Biotechnology,
2004; Vandenburgh et al., 2002) -

Selective breedihg is based on a polygenetic inheritance, where the end result is the cumulative
effect of many, perhaps hundreds of genes, each with a small effect. In contrast most trans-
genetic modifications' involve one or two genes that have a major effect. Genetically modified
native organisms are potentially cross-fertile with native species, greatly increasing the risks of
gene transfer. Genetic traits that increase adaptability such as growth, physical tolerance or:
disease resistance cause the greatest concern.. Transgenes that increase fitness and adaptability
have a negative impact if they spread to pest populations. The introgression of genes decreasing

fitness would also pose a near term risk to a small receiving population. Until we obtain more
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information about how "risky" transgenes might affect wild populations of native species, it would

seem prudent to delay commercial release of transgenic native species.

For the purpdse of risk management, there is a need to distinguish between organisms engineered
for deliberate release and those that are engineered for confinement and are inadvertently

released. Genetically engineered animals t.hat are used to manufacture valuable by-products such
as high.tensile_ strength fibre and pharmaceuticals _are doméstic anima»ls that are kept in close
confinement and i they escaped they would be unlikely to survive in the wild. However, in
aquaculture, for example, the risk facfors are high because (1) culiured fish and shellfish are notfar
removed from their wild relatives; (2) aquaculture production systéms_are located in ecosystems

containing wild populations of the same species; (3) aquatic organism exhibit great dispersal -

o 'abilities;ja‘nd (4) aquaculture organisms are often marketed live. (See Goldburg & Triplett, 1997.)

Muir and Howard (2000) have prbposed a Trojan gene hypothesis to describe three ways in which
a transgene could pose an extinction hazard: 1) when the transgene increases mating success and
decreases adult viability, 2) when the transgene increases adult viability but decreases male
fertilty; and 3) when the transgene increases both male mating _sucbess and adult viability but
reduces male fertility. They found that release of transgenic fish that were larger and therefore had
a highér mating success but which had a shorter life expectancy could drive a wild population -
extinct in as few as forty generations. As one lowers the fertility of genetically modified organisms,
the timeline to extinction is shorter. Hedrick (2001) also found that if a transgenic species has a
mating advantage and a general viability disadvahtage, then the'conditions for its invasion into a
natural population are very broad. He found that for two-thirds of the possible combinations, the
transgene would increase in frequency and for fifty percent of ihe combinations it would go to
fixation, thereby reducing the viabilify and increasing the probability of exﬁnction of the natural

'population.

4.5 Declining Fisheries

Less than seven percent of the ocean, primarily the continental shelves, generates 85 percent of
“the global fish catch. All the world’s continental shelves are being trawled for bottom fish, and
‘purse-seined for open-water fish. Global fish catches began to decline in the late 1980’s and any
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extrapolations of present trends suggest that large-scale fisheries will collapse in the next few
- decades throughout most of the world, inducing losses for which aquaculture will be unable to
compensate (Pauly, 2004; Pauly, et al., 2002). '

Marine aquaculture (Pauly, 2004) asitis currentty practised, consists prrmanly of feedlot -
operatrons in which camivorous fish are fattened on a diet rich in fishmeal and oil. These
‘operations generate a lot of pollution and are extremely vulnerable to infestations and outbreaks of
disease. They make commercial sense because the farmed fish fetch a higher prrce than the fish
they consume, but they are also another source of pollution and pressure on wild fish populatrons

Seyenty-five percent of the world’s commercial fisheries are fully or over-exploited or in a state of
decline (Johnson, 2001; FAQ, 2000; Vitousek, et al., 1997). In addition to threatening populations
with extinction through over-exploitation, fishing may also change the_evolutienary characteristics of
populations by selectively removing the larger fast-growi_ng individuals (Pauly, 2004). C,omrhercial
fishing reduces the abundance of target species and simplifies food webs (Pauly, etal., 2002). Size-
selective fishing also drastically alters the average size, age-class and geneticfdiv'e'rsi_ty of surviving
fish (Botsford, et al., 1997). -For example, over the last sixty years the average size of a Chinook
salmon has declined by fifty percent and the average age at maturity has declined by about two
-years (Upton, 1992). Northern cod caught in 1960 weighted about nine kilograms, and today weigh
onty 2, 5 kilograms (Rosenberg, et al., 200'5) Moreover, the fishing gear used in many cases is non-
selective, resulting in very large by-catch, which must be discarded because of commercial
considerations or legal constraints. The gear used may also damage fishery habitat (Botstord etal,
1997, McAllister, 1995, Upton, 1992). Extensive bottom trawling of world’s marine coastal shelves
has been blamed for a decline in the ratio of longer living demersal (bottom-dwelling) fish to the
“shorter-lived pelagic (open-water)-fishes (Watling & Norse, 1998). Over-fishing precedes alf other
reasons for extinctions a‘nd the global decline of fisheries (Jackson et al., 2001).

Industrialised fisheries typically reduce community biomass by as much as eighty percent within 15
years of exploitation, and compensatory increases in fast-growing species are often reversed
within a decade (Myers & Worm, 2003). The reduction of fish biomass to very low levels

compromises the sustainability of fishing and in heavily depleted communities this may lead to the
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‘extirpation of populétions, especially those which téke longer to mature. Myers and Worm (2003)
suggest that fully ninety percent of the large predatory fish in global oceans have already been lost.
Worm and others (2005) have also found that the variety of species has also declined between 10
‘and 50 percent. - |

Pauly and others (1998) have described thé impact of fishing pressure of this magnitude as “fishing
down the food web” because the average trophic level of the species Caught in commercial
fisheries hés declined since 1950. This effect has been most pronounced in the North Atlantic,
where the average trophic level of'thevfishes caught declined by tWo-thirds during the latter part of
the twentieth century (Christensen et al., 2002). | |

- Andy Rosenberg and others (2005), examining the bollapse of the Grand Banks cod fishery, found.
that cod stocks on the Scotian shelf have plunged 96 percent since the 1850's. Cod stocks have
declined from 1.26 million metric‘tons_ in 1852 to less than 50,000 metric tons today. Only 3,000
metric tons of adult fish remain: bérely enough to fill the holds of 16 of the sailing schooners that
used to frequent the G.rand Banks in the nineteenth century. Will the cod come baCk? Rosenberg
thinks not. All that productivity that used to support the cod stocks has gone elsewhere. Through |
a trophic cascade, other species have rushed in to take the cod’s place. He also wonders if the
Scotian shelf is'as productive an ecosystem as it once was.

Between 1989 and 1998, commercial landings of fish in Canada have declined by sixty percent
(F&'O, 2002.) Most of the decline can be attributed to the }collapse of the Atlantic cod stocks.
Nonetheless, Pacific Coast landings also declined by 25 percent during the same period.
Aquacultur_e production increased over foUr fold durihg this pe'riod (F&0, 1998) but it was not
énough to offset these losses. Aquécuiture production amounted to Iessv than te_n-pe_rcent of the
:Iost commercial fish landings. Over half of Canadian aquaculture production is now located in
British Columbia. '

| 4.6 Industrial Production and Waste -

Since 1900, the world economy has expanded 20 times, the consumption of fossil fuels has grown
- by a factor of 300, and industrial production has increased by a factor of 50 (MacNeill, 1989). The
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global production of chemicals has increased from less than one million tonnes in 1930 to over 400
million tonnes today (Comm|SS|on for European Communities, 2001). The consumption of natural _
resources by modern industriai_economies remains very high (WRI, 2000), in the range of 45 to 85
‘metric tons per person annually when all materials (including 'soil erosion, miningv wastes,‘ and other
ancillary materials) are c'ounted.. Use oi renewable resources has grown to levels estimated to 20
percent above the Earth’s biological capacity (WWF, 2000). It currently takes about 300 kilos of
natural resources to generate US$100 of income in the world’s most advanced economies.
Studies show that in North America (Rachel, 1989) only seven percent of industrial throughput
winds up as product, only 1.4 percent is stiii product after six months and per capita waste has
doubled over the last generation. '

Althoiigh Canada’s populationis relatively small cdmpared to its land-base, its level of

consumption and standard of living are among the highest in the world. Canada’s economy is
characterized by a reliance on energy and natural resources. Exports are dominated by raw
materials and semi-finished goods. Because of the ready availability of energy.,' water, land, and
mineral resources, Canada is competitive in industrial sectors usi‘ng these resources intensively.

- 'Harvesting, extraction, food production, primary processing, energy generation and transportation
industries are generally more stressful to the environment than secondary manufa'cturing or service
industries. The ratio of waste and contaminants to resource recoVeryi_s've'ry poor. Dispoeal,
dispeision and dilution (end-of-pipe and end-of-stack solutions) are still the poiiution-management
approaches most commonly in use (Statistics Canada, 2000; 1991).

4.7 Poiiiiti'on

’ H.uman activity mey now also be dis'rupting'the planet’s natural cy}cles (Bruce, Lee & Haites 1996).
4.7.1 Climate Change‘

The scientific consensus is that greenhouse gases are acbumuiating in the Earth’s atmo’sphere as

a result of human activities, Causing surface air temperature and subsurface ocean temperatures to
rise (Oreskes, 2004).
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Since 1750, the start of the Industrial Revolution, the atmospheric concentration of carbon dioxide
has increased_ by about 32 percent (from about 285 to 380 parts per million in 2000), primarily due
to the combustion of fossil fuels and land use changes (Watson et al., 2000; Vitousek et al., 1997;
Ehvlich & Ehrlich, 1992a; Schneider, 1989).

- For example, prior to the industrial revolution, quxes between pools of carbon dioxide in the
atmosphere and ocean of living and dead matter were approximately in balance. Photosynthesis
removed about as much carbon dioxide from the inorganic atmospheric and oceanic pools as plant

and animal respiration and decomposition returned to them.

But now the balance has shifted, because foseil fuel combustion, deforestation, fertiliser use,-and

'~ agricuttural practises are adding carbon to the atmospheric-pool faster than‘natUraI procesees |
remove it (Ehrlich & Ehrlich, 1992a). Fossil-powered energy systems, in particular, may be locked
in a positive feedback cycle with evolvmg natural ecosystems (Houghton et al., 1995; Bormann,
1976) which up to now have generally kept climatic changes sufficiently gradual that life-forms
could adapt to them.

In the last 25 years (from 1975-2000) atmospheric concentrations of CO2 haVe increased by 45
parte per million, more than half the total increase over the entire industrial era (Friedlingsten &
Soloman, 2005). Atmospheric scientists say that atmospheric concentrations of CO2 could hit 550
parts per million by 2050, even if all the planned reductiohs are implemented It the atmospheric
concentration of CO? increases from 285 to 550 parts per million, we are going to be living in a very
dn‘ferent post-industrial world.

. YTAhe Intergovernmental Panel on Climate Change Second Assessment Report (Houghton etal.,
1996) estimated that atmospheric concentrations of carbon dioxide could only be stabilized if
emissions were reduced fifty to seventy percent. Currently world average emissions of carbon are
four tonnes per capita. The North American average is nearly twenty tonnes per capita, while

average African emissions are less than one tonne per capita.




4.7.2 Nutrient Cycling

“Nutrients are mineral elements _such as nitrogen, phosphorus, and potassium that are essential as
'raw materials for organism growth and development. Ecosystems regulate the fI.ows and
concentrations of nutrients throogh a number of complex processes that allow these elements to
be extracted from their mineral sources (the atmosphere hydrosphere, or lithosphere) or recycled
from dead organrsms The capacity of terrestrial ecosystems to absorb and retain the nutrients
supplied to them either as fertilizers or atmospherrc deposition has been undermined by the radrcal
srmplrfrcatron of many ecosystems into Iarge -scale, low drversrty agrrculturat landscapes. Excess ’
nutrients leak into the groundwater, rivers, and lakes and are transported to the coast. Treated and

untreated sewage released from urban areas also adds to the nutrient loading.

The rate of nitrogen fixation as a result of human activity has doubled and now exceeds the
contribution of natural processes (Galloway & Cowling, 2002; Smil, 2000; Vitousek et al., 1997). The
biodiversity and intricate webs of life found in nature are the result of intense _competition among
many different life forms, which have evolved under nitrogen-limited conditions (Galloway & Cowling,

- 2002). Many ecosystems are now subject to conditions of excess nitrogen.

-In 1913, the invention of the Haber- Bosch chemical process provided the means to convert
atmospherrc nitrogen into ammonia, creatrng for the first time an unlimited supply of nrtrogen
fertiliser that could be used to grow food (Galloway and Cowling, 2002). Today over half the
-world's food is grown using fertiliser manufactured using the Haber-Bosch proceSs_'(S'miI 2000).
There has been a nine-fold increase in the production of nitrogen since 1913, compared to 3.5 fold
increase in poputation (Galloway and Cowling, 2002). '

About half the nitrogen and phosphorus produced is capturedin harvested crops, and about
seventy percent of the harvested crops are fed to tivestock (Tilman et al., 2001). Much of the
nitrogen and phosphorous from chemical fertilisers and animal wastes eventually enters surface
and groundwater. The potential consequences include eutrophication of freshwater ecosystems
For example, nitrogen concentrations in the Mississippi are now two to three times what they were

fifty ye_ars ago and as a result a gigantic dead zone over twenty thousand square kilometres in size
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forms every summer in the Gulf of Mexico (Mclsaac et al., 2001). The excess phosphorus
accumulating in agricultural soils has been called a “chemical time bomb” (Stigliani, 1991).

4.8 The Biodiversity Crisis

Many ecologists argue that the continued growth in human population and consumption is |
incompatible with many ecological processes, including the persistence of large predators, the
continuation of the annual migration of birds, speciation of large organisms, and the protection and
maintenance of native biota (Soulé, 1991). '

The Success of our species in transformi'ng_ landscapes and comméndeering resources to meet
human needs in an evolutionary blink of an eye has been phenomenal.. Survival rates have risen
and lite spans increased. Our numbers have grown from fewer than four million, 10,000 years ago,

| to over six billion today. Humans are now withdrawing so much energy, water and resources, and
discharging so much pollution and waste to many ecosystems that we threaten the survival of our
own and other species. The most obvious threats humans pose to Nature’s storehouse of
biodiversity have been well documented (Heywood, 1995). Less obvious are 'human impacts on
evolutionary processes. ' |

Land-use change is expécted to have the largest global impact on b'iodive,rsity by 2100, followed by
climate change, nitrogen deposition, biological invasions and elevated atmospheric concentrations
of carbon dioxide (Sala et al., 2000). For freshwater systems, biological invésions are the most
important, folldwed by runoff and climate changey. Acbording to thle authors, changing any of the
parameters of the assessment by +10 percent would not alter the dutbome of this forecasting
exercise. |

" The domestication of arable landscapes results in the convergence of-landscape properties such
as soil characteristics, water and nutrient cycles. Domestication also dampens disturbance régimes
(Western, 2001). As domesticated landscapes expand, they reduce the range of many native
spec'ies, and ultimately lead to population declines of native species excluded from their former

“habitat by human activity. Human actions threaten to reduce and may virtually eliminate some
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biomes, notably tropical forests, coral reefs and wetlands, which have always been major sources
of biodiversity. v

Nearly half the world's vascular plant species and one third of the terrestrial vertebrates are
endemic to 25 hotspots (Myers ét al., 2600). ‘Using the IUCN Red Lists, Brooks and others (2002)
found between one-half and two-thirds of the threatened plants and 57 percent of all threatened
,térres’trial vertebrates are hotspot endemics. | '

One of th‘e greatest challenges for conseNation are hot spot éndemics (Brooks ef al., 2002)
because 1) they have small range sizes increasing their probability of extinction by chance aloné;
2) éndemic species with small range also tend to bé scarce within those ranges;.and 3) consistent
mechanisms underlie evolution in small ranges so most endemic species co-occur. Centres of
endemism are disproportionately threatened by human settle'me'nt_and economic activities

(Cincotta, Wisnewski, & Engelman, 2000).

Since the age of exploration, biogeographical barriers have been breached that have protected
biota for aeons. Invasive species now contribute to the progressive depletion and further
homogenisation of native bioia (Mooney & Cleland, 2001). Twenty percent or Vmor'e of the species
-in many countries’ floras are now exotic species (Vitouéek etal, 1996). Only a small fraction has
so'far'have become pests (Williamson, 1996).

Overharvesting of big species is our most ancient and persistent trademark. Remqv'a'l of keystone
species influences species richness and habitat patchiness. Downsized communities acc;eler_ate |
population, ehergy and nutrient turnover rates (Calder, 1984). The impact of any disturbances will
be magnified as the internal feedback linkages dominated by larger life forms weaken. As
biodiversity declines and the number of functional groups decreases, resistance to invasive
species and pathogens will fail. Practices that change functional diversity and composition are

likely to have the greatest impact on ecological processes over the long term (Tilman et al., 1997).
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‘Since the 1960s there has been widespread pu_blic'concem about the loss of “charismatic
megafauna” such as whales, dolphins, eagles, tigers, pandas, and primates. These creatures are
often large, Warm-blooded, aesthetically attractive, and regarded as having the capacity for feeling,
thought, or paiin (Kellert, 1986). Perp'e_tuation of diversity réquires the maintenance of a more or less
natural balance between predators, their prey, and their plant food resources. The over-harvesting or
loss of speciés‘high in the food chain may tfigger a population explosion of undesirable species.
Similarly, harvesting or the loss of organisms low on the food chain may also cause collapse of
valued speoies that consume them (Orians, 1990; Terborgh, 1989; Wilson, 1987).

- Although scientists usually think of biodiversity in terms of the four levels of the biological hierarchy
(genetic, species, ecosystem, and landscape diversity), more attention has been paid to species
loss. However, we do not know even to the ne'arest order of magnitude the number of species or

~ organisms on Earth (Wilson, 1989; May, 1988). Estimates range-from 10 to 100 million.

Species extinctions will alter biodiversity as well as the evolutionary processes by‘which
biodiversity is created with consequences that could persist for millennia (Myers & Knoll, 2001).
Habitat fragmentation imposes barriers to dispersal and gene flow. 'Species with low population
densities and poor dispersal abilities are espec'ially vulnerable to extinction (Soulé, 1980). |f
between one-third and two-thirds of the species that now exist are lost as expected, these losses
will oe accompanied by major population declines of other species. The reduction of population
sizes of these speoies will further deplete the natural gene pool. Natural selection will favour
opportunistic (r-selected) 'species that are able to exploit'the production cycles in domesticated
landscapes or heavily harvested natural resource areas. Human-dominated areas. will become
characterized by a pest-and-weed ecology and their further_eipan’sion could spell the end to the
speciation of large vertebrates (Myérs & Knoll, 2001; Soulé, 1991). |

Approximately 1.4 million species of plants, animals and organisms have been given scientific names
(Ehrlich & Wilson, 1991) and an overwhelming number of them are flowering plants (220,000
species) and insects (750,000 species). An average day sees the formal description of about 300
“new species (Heywood, 1995). Moreover, the rate at which taxonomists split previously recognized

: spécies into two or more new species exceeds the rate at which they lump different species together,
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especially in taxa that are of particular concern to conservationists (Purvis & Hector, 2000).

- Nonetheless, the most recent International Union for the Conservation of Nature (IUCN, 2000) global
"biodiversity estimate of 12.1 million species vastly exceeds its own update of rhe number (1.75
‘million) of species that have been identified and scientifically described thus far. ‘Therefore, most of
the catastrophic extinction scenarios are based on numbers of species that no one has ever seen
(Nelson & Serafin, 1992: Mann; 1991). | -

If 99 percent of "all the species that have ever existed on Earth are now extinct, then whyis it so.
urgent that we reduce the numbers of species extinctions? The usual answer is that the
accelerated rate and unprecedented scale of these extinctions is cause for concem (Norton &
Ulanowicz, 1992). All estimates of current extinction rates are higher than the rates at which
natural evolutionary processes compensate for losses. It has been claimed that current extinction
rates are 40 to 400 times the last mass exrinction, 10,000_ times the extinction rate before the
agricultural revolution, and 150,000 times the natural background rate of extinction (Ehrlich &
Ehrlich, 1992b). Others claim that current rates of extinction are 100 to 1000 times greater than
pre-human rates (Pimm et al., 1995; Lawton & May, 1995). Howe'ver, the most recent IUCN (2000)
: estimate of human-induced extinction is fifty times the natural rate of extinction.

‘Around 71,000 specres of wild anrmals and plants have been recorded in Canada, and scientists
think another 68,000 species have yet to be discovered and classified (Environment: Canada 2000;
Mosquin et al., 1995). Canadians understand the ecological function, status, trends and survival
needs of less than 3 percent of the recorded species (Environment Canada, 2000)7 The number of
endangered species in Canada has increased from 178 in 1988 to 380 in' 2001(see http:// |
www.cosewic.ge.ca). About 612 species overall are considered to be at risk (CESCC, 2001). Less

than five percent of t_errestrial and f_reshwater species are endemic to Canada because most species

re-established themselves here following the last great period of glaciation (McAllister, 2000).

In conclusion, most estimates of the total number of species today lie between 5 million and 30
million, although the overall total could be higher than 30 million, if poorly known groups suchas'
deep-sea organisms, fungi, and micro-organisms, including parasites, have more species than

- currently estimated (MEA, 2005). The natural process of evoluﬁon, and particularly the combination
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of natural barriers to migration and local adaptatioh of species, led to significant differences in the
iypes of species in ecosystems in different regions of the world. The distribution of species on
Earth is‘bec'c')ming more homogenous. The differences between the set of species at one location
‘on the planet and the set at another location are, on average, diminishing. Across a range of
taxonomic groups,'eithér the po'pulation size or range or both of the majority of species is currently
declining. The number of species on the plén_ét is declining.

The most o‘bvious impacts of human activity on ecosystems, such as the loss of wild habitat, have
been extensively documented. Hard‘ér to gauge are human impacts on ecosystem pro'perties,
such as nutrient cycles and disturbance regimes, and on the procésses governing global climate
ahd hydrology. Ecosystems everywhere within decades could be affected by changes in

- temperature and rainfall. The rapidity of climaté change and human'.imposed barriers to migration
‘and dispersal will challenge species adaptat.ion and survival. The cohsensUs is that every-'majo‘rv
planetary process in the biosphere, lithosphere, hydrosphere or atmosphere has already been
altered by human activity.

4.9 Sustainable Development

The combined destructive impacts of a poor majority struggling to stay alive, and the lifestyle of an
affluent minority, are inexorably eroding the buffer that has always existed, at least on a global

scale, between human consumption and the planet's productive capacity (McNeely et al., 1990.)

Many observérs have become alarmed at the _unprecedented effects of industrialisation on the
environment and believe that future human welfare and survival may‘depend on uhcoupling
economic growth from energy and material use. The Brundtland Commission (WCED, 1987)

. recognised the need to integrate environmental cohsiderations into business planning a’hd decision-
making in order to steadily reduce the energy and resource content of future 'growth. What is called

for is a transformation of human economic activity, on the order of the first Industrial Revolution.

Since the Industrial Revolution, a once-through model of industrial production has been employed
~which relies on cheap abundant resources and inexpensive waste disposal. Most industrial

processes are fossil-fuelled, make intensive use of energy and materials, involve high temperature
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and pressures, and contain multiple steps where harmful substences can be discharged to the
- environment. - Products are mass-produced, have limited useful lives, are h_ot easily repaired and -
are cheaply discarded. Produc_ers’ respd’nsibility for their products ends at the plant gate.

Industrial production and mass consuntption_are still largely linear processes. Production, use and
disposal often occtJr without substantial reuse or recovery of energy or materials ‘The industrial
system is still driven by inputs of virgin materials, and waste continues to be generated and
disposed of out3|de the economic system. However if internal recychng is incorporated lnto
production processes, the throughput of materials and energy will decrease By integrating the life
cycles of diverse. processes and products so that the waste stream from some becomes the
feedstock for others, the materials-and energy cycle may also be extended. Manufacturers could
avoid waste through better design, and make reusable products, instead of sh_ort-hved discards.

Nonetheless:
If every factory in the world shifted to the cleanest production available (or even the
cleanest plausible technology), the larger environmental crises would be at best be
deferred a few years...As long as the material component of products is still largely
based on the use of virgin resources, while the energy is largely derived from fossil fuels,
clean is an |mp033|ble dream...indeed sustainability will be a distant receding goal.
(Ayres 1993)

: Envitonmental sustainability at the most basic level is a function of the state of ecosystems, the
stresses on those systems, human vulnerability to environmental change, and the capacity of
human institutions to respond to these challenges and provide global stewardship of environmental

‘resources (ESI, 2002). Human success in influencing these aspects of their environment in a
lasting manner will affect our species chances of survival and the quality of life of succeeding
generations. ' ”

T'he ecosystem approach challenges the prevailing notion that economic growth is not constrained‘
by biophysical factors (Rees, 1994). Consumption of energy and material resources must not

exceed natural rates of renewal. Was'te generation should not exceed the assimilative capacity of
the environment. .Human activity must not jeopardise the replenishment of biological reSotJrces |

that maintain critical life support functions of the biosphere. This "natural’ capital must be

~ maintained as a precondition of sustainability. From these preconditions flow considerations of




equity: the demands for society to meet the basic needs of its members, for procedural faimess, for
citizens’ participation in decisions that affect their lives, and for faimess to future generations.

Prior to the Brundtland Commission, most decision makers were preoccupied with the optimal or
efficient use of natural resources. Few were interested in the potential welfare effects of resource
use. The Brundtland Commission defined éusiainable development, as development that meets
the needs of the present generation without cofnprdmising the ability of future generations to meet
their own needs (WCED, 1987). This definition implied that the goal of sustainable development is

| td maintain a constant nbn-diminishing level of human welfare. Humans should live off the interest
provided by our natural resources, not the principal. David -Pearcé.(1988) introduced the metaphor
of natural capital as a way of integrating environmental considerations into economic thinking, and

o spark public interest in the value of nature. A nurhber of efforts hvave'been made to value the - |
ecological goods and services provided by néture, with mixed results (Costanza et al,, 1997;
Pimental et al., 1997). |

Without joining the debate about the best way to describe or value ecosystem.fdnctions, goods and
services, one has to go no further than point out the obvious. The Canadian economy depends
Iérgely on our so-called natural capital. For exémple', Canadians obtain $59B annually from our
forests, $35B from primary agfic’ulture, $22B from our oceans, and-we spend $12B on nature |
relatéd tourism and recreational activities (SC Special Tabulations, 2004). Canada’s trade:

surpluses largely depend on export of natural resources.

Sustaining these economic benefits requires a better understanding of how ecosystems function
and renewed efforts to reduce and manage human impacts on ecosystems. The natural

environment provides these benefits freély to all. However, when ecosyétems are damaged by

. human activities or intervention, ecological goods and services are extremely costly to replace or-

restore. Sometimes it is simply not feasible. Canada’s natural capital is a source of future
opportunities. Sustaining Canada’s natural capital - water, air, land and wildlife - is critical to

ensuring Canadians long-term economic security, survival, and well-being.
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5.0 KEY CONCEPTS

Cognitive science is the interdisciplinary study of thinking, learning, and problem solving. This
research draws upon the conceptual foundations laid by many others. The key concepts
necessary to understand the analysis and int_erpretation_ of the survey findings are presented and
discussed here. First, the role and functioning of mental models are describéd. Research into
mental models is based on the assumption that experts do not reason solely in terms of abstract
logical rules. They also‘draw upon their accumulated experience. Second, experts often think

~ metaphorically, using their understanding of a familiar domain, as an analogy for drawing
inferences about a less weII-undefstood domain. Mental models of risk help them think about the
world in a simplified manner, and even to simulate future events. Third, mental mod'els incorporate
worldviews, strongly held beliefs about how the world works, that may influence problem solving.
| Lastly, personal ¢ohstructs provide the framework for eliciting and ihterpreting expert mental |
models of risk. | o |

5.1 Mental Models

Social psychologists use mental models to explain how humans handle complex cognitive tasks
such as perception, learning, and problem solving, and to provide insight into how people
understand a particular domain of knowledge (Gentner & Stevens, 1983).

The idea that people form mental models to help them describe, explain and predict what is going
to happen originated with Kenneth Craik (1943). He believed that individuals reason by analogy
with their past experience in order to anticipate future events. For Craik, mental models were
simplified ways df organizing and represehting human knowledge and experience. He thought that
everyone carries with them mental fnodels of virtually every aspect of th_éir life. We can verbalise -
- them and they influence our behaviour. (See Collins & Gentner, 1987.)

“There are different views about how mental models function, as causal models and as working
memory -constructs, but they are not mutually exclusive (Markman & Gentner, 2001). -
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The causal interpretation stresses that mental models are simpiified sets of diStinctions that

- individuals make abdut the world that help them to inferpret what they obsé_rve, to generate
inferences, and to solve problems in a particular domain (Kempton, Boster & Hartley, 1995; Rouse
& Morris, 1986). Causal mental mbdels are domain-baséd, involve causal mechanisms and draw

on long-term memory structures (Gentner & Stevens, 1983).

Mental models influence how people think about a particulér domain. For example, mental models
have been used to explain reasoning about écology (Kempton, Boster and Hartley, 1994). 'They
help expl'ai_n differences in the way peop|é draw inferences. In a‘ series of experiments with serial
and parallel combinations of batteries and resistors, Gentner and Géntner (1'983) showed that :
subjects relying on a “flowing water” mental model were more likely to spot the differences between
two kind_s of battery combinations, and those with a “moving crowd” model were more likely to see
the difference between the two kinds of resistor combinations. There_is also evidence that mental
models can influence real-life environmental decision-making. For example, Kempton (1987)
found that people had two distinct mental models of their home heating systems, which affected
the way they used their thermostats. - |

Experts use mental models of the world to frame discussions and evaluate choices (Carley &

-Palmgquist, 1992)'. They can portray mental models in a variety of ways: argument forms (Toulmin,
19'58)', concept maps (Novack & Gowan, 1984), scenarios (Jungermann, 1‘985), semantic networks
(Sowa 1991) or influence diagrams (Bostrom, Fischoff & Morgan, 1992). Typically a hierarchical
‘means-ends framework is used to capture the concepts and relatiohships necesSa_ry to structure a
decision. These constructs are called “expert mental models of risk” (Bostrom, 1990).
Comparisons of different mental models can help determine the extent to which people share the
same knowledge and ideas (Morgan et al. 2002).

M.ental models are highly simplified, cannot exceed the capacity of our working memory, and are |
difficult to generalize (Bostrom, 1990). However, a mental model can be used to simulate the

future behaviour of a system. The explanatory power of a mental model lies in the plausibility of its
assumptions, and the accuraCy of its predictions. A mental model can be evaluated in terms of its:

o Generality — applicability to other situations
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o Simplicity - abi'lity td'generate significant propositions from a small number of assumptions

e Power - provision of reliable and valid observations (Hart, 1977).

The second view of mental models is that they are working-memory constructs or sketches that
support immediate‘com'prehenslion and Iogical_ reasoning (Johnson-Liard, 1983). - In the process of
learning, peo>ple do not just add new information to a random accumulation of facts in their heads.
They reason by analogy with familiar situations rath'er than by abstract logical rules (Johnson-Liard,
1983). The mental constructs they create allow them to cope with unfamiliar situations based on

seemingly incomplete information.

Résearch on mental models is strongly ianUenced by thedfies about the organization of human
fnemory[ According to some, human memory is organized around ffames or schemas, constructed
'by individuals‘from_ prior experience, and from information they have picked up from other Sourdés
(Kleindorfer et al. 1993). These constructs influence the acceptance and assimilation of further
information, and subsequent behaviour. In a novel situation, individuals will recall from their .
memory the necessary frames or schemas or construct them. These frames or schémas are filters

through which people see the world.

There is no need for mental models to be correct andin facf, they are often highly inaccurate. For
example, Kempton, Boster, and Hartley (1994) found that individuals often perceived global
warming to be the result of atmospheric pollution from the use of aerosols such as
chlorofluorocarbons (CFCs). | |

Although evidence suggésts that experts’ mental models are fundamentally different than lay
mental models, experts’ models are not necéssarily more elaborate or accurate (Rouse & Morris,
‘1986). Expert models may contain naive and possibly incorrect notions. Prior views that are
incorrect will not necessarily be discarded when the correct information is provided.

People are capable of holding two or more inconsistent models of the same domain. For example, -

Collins and Gentner (1987) found that people gave different explanations of what causes a towel to
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dry in the sun, and what causes a puddle of water to evaporate failing to see any connection
between the two phenomena. - '

Mental models are representatio.ns of real, hypothetical 6r imagihary situations. Like any form of
scientific.conjecture, mental models heip people make sense of what they see and are also tested
through experience. They can be recalled from mémory, learned from_éxperiéncé or acquired
fhrough training and instruction. Mental modéls .usually start with an analogy; émploy métaphors,
incorporate acqzuired_ beliefs and causal asse'rtions; and depend to some extent on memory and |
recall mechanisms (Bostrom, 1990).

We are often not consciously aware of effects our mental models have on our reasoning and
behaviour. The problem with mental models is not whether they are right or wrong. They are by
definition simplified and incomplete representations of the world. That is why surfacing, testing and

improving our mental models of how the world works promises to be a key to breakthrough thinking
| (Senge, 1994). : -

5.2 Metaphors

_One of the building blbcks of.mental models is metaphor. Metaphors permeate language, and are
fundamental to thought (Lakoff and Johnson, 1980). They structure our perc'eptions‘and under-
standing of our world. Howéver, metaphors do not tell the whole story about an action, event or
}expe‘rience. They only evoke certain aspects of it.

Metaphors are derived frdm our senses of touch, taste, sight, hearing, and smell (e.g., greenhouse
effect, sound waves). Metaphors are also shaped by culture. We live in a world of space, time,
energy and matter. In Western cuItUre, for exarhple, time is money, a valuable commodity, and a
limited resource that we use to accomplish our goéls; These are métaphorical Concepts. There
are cultures where time is none of these things. Metaphors can also provide spétial orientations.
For example, more is up and less is down. The use of metaphors is so widély understood in
everyday life, that in many cases, observers may be unaware of their sighifican}ce (Lakoff &
Johnson, 1980). |
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Although reductionist science has tried to abandon 'symbolic and analogical modes of thinking,_ in
favour of quantitative analysis, metaphors live on. The use of metapho'rs is commonplace in the
language of science (Eisenberg, 1992). Metaphors may provide insights leading to new
discoveries or may be used as teaching tools to convey difficult concepts. Since metaphors allow
for the substitution of ideas across different areas of study, they are often considered to be an
interdisciplinary Rosetta stone. N -

Sc_ie’ntific metaphors are used primarily for explanatory-predictive purposes rather than expressive-
| affective purposes (Gentner, 1982). When scientific metaphors are used to help us understand

- one conceptual domain in terms of another they are considered to be analogies (Gentner et al., |
2001; Gentner & Holyoak, 1997; Gentner & Jeziofski, 1993).

Typically scientific metaphors employ a moré concrete or familiar sﬁbjéct doméin as their source
- and a more abstract less weII-knéwn target domain as their predicate (Gentner & Holyoak, 1997,
Gentner, 1983). A concéptual domain is any coherent way of organizing experience. Conceptual-
domains consist of enﬁtie‘s, attributes, and relationships. Analogical reasoning implies that the

system of relationships that hold among the base entities also holdé among the target entities.

Knowledge can be represented as a propositional network of subject nodes and_ relational
predicates. The nodes represent concepts treated as wholes, and the predicates applied to the
nodes express propositions about the concepts (Markman & Gentner, 2001; Gentner, 1983.)

Metaphorically linking two domains alters one's view of one or both domains and makes inferences
about the target domain possible (e.g., the' linkage between human and ecosystem health).
Researchers who study metaphor féce the difficulty of separating the covn'vention‘al meaning of a

. ‘metaphor from what the expert's use of the metaphoAr suggests (Gentner et al., 2001). The strongest
possibility is that metaphors create meaning (Lakoff, 1990). The target domain is organized and

_structured in terms of conceptual systems borrowed from the more: readily observable base domain.

People actively use the metaphorical base domain to think about the target.




Gentner (1982) evaluates scientific analogies on th‘e basis of their specificity, clarity, richness,
abstractness, scope and validity. The most important feature of a scientific analogy is that the
base domain be well understood and fully specified. The better analysed the base, the clearer the
‘candidate set of important relatiohs. To be clear, scientific analogies have to have one-to-one |
mappings, while everyday metaphors may have one- to-many mappings. For example, if a base
node maps to two or more target’nodes, or ‘if tWo or more base nodes map to the same target
nodes, then invalid inferences may be drawn. 'Ribhn'ess describes how many predicate mappings
are made. ‘There is a trade-off between richness and Clarity. A true scientific analogy is a system
of interconnected knowledge, not an _éssortment of facts. Abstractness has to do with how
interrelated or tightly constrained by the analogy the mapped pred'icates are. Lower order
predicates should be derived from higher order predicates. A scientific metaphor should apply to a
number of cases to be useful (scope) and it should lead to the correct inferences (validity) in the

majority of cases.

5.3 Worldviews

Expert mental models incorporate worldviews, acquired beliefs and causal assertions. These
beliefs usually describe alternative views of what the world s like or of some preferred future.
Shéred causal assertions link possible policy options with desired outcomes. In the present
research, we are trying to make explicit the values and beliefs associated with particular mental
models of risk. By making these beliefs explicit, they are open to re-evaluation.

Worldviews are often characterized by different storylines or discourses (Haas, 2002; Thompson
2000, Rayner 1992). Persons with different worldviews argue from different premises. They often
offer starkly different diagnoses of the world's ills and propose different remedies. These
discourses institutionalize cognitive frames of reference that identify issues as problems for
decision makers (Haas 2002).

| Each worldview generates a storyline that is contradicted from other perspectives, and yet often
distils elements of experience that are missed by others. Problems defined from one perspective
~may be compounded by solutions offered from another perspective. Worldviews rest on different

assumptions, gOa!s, and policy options. It is the mutually exclusive quality of different worldviews,
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and the lack of mechanisms for reconciling conflicting worldviews, that make them problematic to
decision makers. '

Worldviews include shared preferences about social relétions (ways of life) risk-taking and -
decision-making (Thompson, Eliis, & Wildavsky, 1990). They also shape perceptions of what is -
considered rationél, feasible, moral or just (Dake, 1990). Worldviews justify different ways of |
_behaving and engender distinct representations ‘of what is considered hazardous (e.g. Dake, 1992;
Wildavsky & Dake, 1990). -

Experts live and work in very different occupational and institutional bontexts. Membership in’ '
different reference groups, with distinctive patterns of social relations, generates distinctive ways of
looking at the world, and distinctive representations of what constitutes risk (see Kempton, Boster,
& Hartley, 1995). '

Worldviews acquire a taken-for-granted quality because experts are socialized into accepting
argum‘ehts that are expedient for achieving their goals (Haas, 2002: ‘the lazy thinker often acquires
- them in graduate school’). '

.Dietz, Stern, and Rycroft (1989) hypothesize that risk proféssionals acquire values and interests
thfough their work for different institUtionsvor organizations that influence their views of
environmental policy conflicts. They found that gender/age cohort and professional identification
have less influence on risk professionals’ views than institutional affiliation. Three types of
institutional settings seem to be important in shaping environmental policy positions: a competitive
market orientation is typical of industry; a hierarchical bureaucratic orientation is characteristic of
government; and an egalitarian communal orientation describes many environmental organisations.
Each kind of institution has developed an internal consensus about how the policy process should
fu.nction. Each has different perspectives on the role of market mechanisms, economic growth,
technological progress, human consumption, citizen participation, ties between government and

industry, and the role of science in decision-making.
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| Different institutional cultures also provide the c_ontéxt for the social definition of environmental risks
and of policy conflicts (Dietz, Stern, and Guagnano, 1998). People who work for government or
industry. tend to view knowledge differentials as the sourcé of policy conflicts. The great majority of
the general public is thought to be ignorant at best, and at worst to be prone to unreasonable fears
and expectations. 'Expérts are thought to understand risk well, have realistic expectations, and are
in a better pdsitio_n than most to make judgéments about how safe is safe enough. People who
work in "enviro_nm,ental organisations are more Iikély to mistrust experts and to see environmental
co'n'ﬂictS as based on vested interests or value differehces, views that are consistent with the

- democratic and participatory norms of the environmental movement.

Under conditions of uncertainty, institutional context or pr‘ofessional background strongly influences
the formation of shared mental models of risk (Denzau & North, 1993). Organizations, professioné
* and disciplines share beliefs that facilitate or limit learning and development (see Bealil, 1985 and
Eden & Jones, 1984). Experts working in pafticular institutions such as government, industry, and
public interest groups, and having a common disciplinary or professional background may share
similar mental models .of risk (e.g., Dietz, Stern, and Guagnano 1998).

Worldviews describe the basic beliefs, ideals and institutional practices of an epoch (Rodman, 1980).
Worldviews are resistant to cha’nge. This may explain why people have difficulty updating their |
mental models or discarding wom out metaphors. New ideas fail to get put into practise because
they conflict with deeply held beliefs about how the world works that limit us to familiar ways of
thinking and acting (Senge, 1994). |

Mental models of risk are not solely matters of individual cogn‘ition (Slovic et al., 1997) but may
also correspond to worldviews, deeply held concerns and beliefs about society, its functioning, and
-potential‘fate (Kempton, Boster, & Hartley, 1995; Senge, 1994; Dake, 1991). These concerns are
“debated Withih the context of people’s understanding-and (dis)satisfaction with society and their
understanding of their place within it (Dake, 1991). They rhay distinguish one group of people from
another. Public discourse suffer_s beCéuse our society only has mechanisms for resolving
~ conflicting interests rather than conflicting views of reality, and there is no basis for deciding which

of the prevalent worldviews, if any, is most useful, let alone which is right or wrong (Lovins, 1977).
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. 5.4 Personal Cpnstructs

Memory and learning processes underpin the emergence of metaphors and mental models of risk.
'Kelly’s (1995) personal construct theory provides the tramework in this research for eliciting, and
interpreting expert mental models of risk. Kelly postulated that people build up representations of
their experience that he called personal constructs, and use them to anticipate what is going to
happen next. Constructs are our personally acquired interpretatrons of experienced events. They
subsume our understanding of repeated events with which we are familiar. Through shared -

constructs we can apprecrate someone else’s mterpretatron or construction of the same events.

" Constructs are the only primitives in Kelly’s psychology (1955). Th_.ey are not concepts.. Humans
organize and classify the elements of their experience through a process of making distinctions
about their environment. Personal constructs are dichotomous distinctions that describe how an
element (an entity, process or event) is similar to or different from others. We need to know both
the expressed'and implieit poles of a construct before we can understand the'c_ircumstances (rangef
of convenience) in which it applies. Peoplerecognise regularities and re'curring patterns of events
“in their experience by me'a_'ns} of contrasts, not absolutes. We do not know what is safe without
being aware of what is harmful. Constructs are used to anticipate a finite range of events and are ’
revised in the light of experience if they prove to be unreliable. Through the intersection of a
number of distinctions, other distinctions may be implied which humans can also use to anticipate
or react to future events.

For example, Kelly (1955) thought a young woman might describe a suitable marriage partner in
terms of distinctions such as age an_d wealth (seevFigure 5.1). Although the intersection of these
distinctions defines the characteristics of her ideal husband, the young woman herself must
generate an auxiliary commitment or rule when she makes her choice (e.g., If Joe is young and rich -
then he is a suitable marriage partner). vlnterential rules play a similar role in expert models or
computational systems by generating recommendations for decisioh or action. (See Shaw &

Gaines 1992)
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Figure 5.1 Logic of Anticipation through Rules (Shaw & Gaines 1992 Fig. 7)
Personal constructs represent not only how people classify past experience but also how people
perceive the future - the framework through which they interpret or construe future events (Stewart,
1998.) Constructs are continuously revised in light of experience, which shows them to be right or
wrong. Although their construct system reflects an individual’'s past experience, it also influences
their expectations and future behaviour. A person's construct system represents the truth, as they
understand it. It is a reflection of the fact they've had different experiences, react to their world
differently, and find that different things are important.

Hinkle (1965) was the first to point out that the meaning of personal constructs lies in what each
implies. In some sense, superordinate constructs are more abstract versions of the constructs that
are subordinate to them and are more likely to be resistant to change. Moreover, the meaning of
superordinate constructs is defined by these subordinate constructs. Therefore a grid can be thought
of as a hierarchical network of implications. These implications can be detected in repertory grids.
(See Smithson, 1987, Shaw & Gaines, 1982.) Implications may also create dilemmas or logical

inconsistencies. For example, when examining the relationships between the following constructs
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(depressed-happy, sensitive-insensitive, and desiréble-undesirable) happinéss is considered to be
desirable, but if it implies being insensitive, this is considered to be undesirable.

The anticipatbry process is a hierarchical set of distinction making processes (Gaines, 1988). It is
a social process encompassing multiple sources of expertise that may not be consistent and in fact

may be in outright conflict.

Expert mental models and theoretical reasoning emeige from the cognitive process of making

| distinctions. At the most primitive Ievéi, the most basic type of distinction that humans make is to
recognise and respond to the same event again in the same way.' If the same distinction yields the
same interpretation in a variety of contexts, humans are able to classify or categorize their
experience (Gentn'er etal,, 2001). Humans are able recognise patterns or relationships among their
- mental constructs and to recall “chunks” of information (e.g: Rosenbloom & Newall 1986; Simon,

1974), which Kelly called derived distinctions. -

Humans can categorize their experience in terms of exemplars or prototypes. Contemporary
experimental evidence sUggests experts are more likely to use exemplars (rules specifying the
necessary and sufficient conditions for category membership) than prototypes (models or
benchmarks) to classify examples (Dobkins & Gleasen, 1997). However, the controlled experiments
performed were generally rather simplistic tasks of assigning objects to categories. In real life,
humans are called upon to make comparisons of compiex physical systems that involve many
uncertainties, and unknowns. The best they can hope for in many cases are good prototypes,
which may share only a few properties in common.

Humans reason symbolically. Theyvuse metaphors to draw on their experience (x is like y) to explore
, the unknown and mental models to anticipate the future (if x then y). This view does not accord with
the standard set theoretical approach (e.g., Tversky, 1977) that claims we define and understand
things in terms of sets of inherent properties (i.e. shared attributes.) The capacity to recall
distinctions and to apply thern outside'their original context is the next level of cognitive complexity.
Models and other forms of abstract reasoning emerge when the distinctions made are no longer

primarily based on personal observations or experience. This capacity, to generate and share
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distinctions, allows humans to develop a much greater repertoire of anticipatory responses to cope
with changes in their environment. (See Figure 5.2.)
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Figure 5.2 Anticipation as a Hierarchy of Decision-Making Processes' (Gaines 1989b Fig. 5)

Surprise flows up the ladder of inference and choices or preferences flow down. (See Klir, 1985)
Surprise arises when}distinctions are not comprehensive enough to capture all relevant events, too
inaccurate to predict events, or too simple to adequately explain events. The process itself
generates a reflexive loop. The assumptions and conclusions that we make from our observations
‘and éxperience generate beliefs about the world. We take actions based on our beliefs and they
affect the data we select next time. . '

Scientific reasoning, both theoretical and instfumental, tells us what to expect, and help us see it
when it happens. In Kelly's view (1970) we are personal scientists, who derive hypotheses
(expectations) from our theories (experience) — we subject these hypotheses to experimental
testing (we bet on them behaviourally by taking risks) ~ we observe the results of our experiments
(we live with or die from the outcome of our behaviour) — we modify our theory (we change our
minds and ourselves or we go extinct) and so the cycle continues. Although personal conétructs
underlie preference formation and decision-making personal construct theory does not presuppose
a ratidnal mode of decision-making. For example, if a subject wants to buy a green product,
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eliciting the subject"s personal constructs will help describe their underlying decision-making

criteria, and help anticipate their choices (see Figure 5.3).
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Figure 5.3 Role of Personal Constructs in Preference Formation and Decision Making

Daniel Kahneman and Amos Tversky (1981) used the term ‘decision frame’ to describe the
decision-maker's conception of the preferences, outcomes and contingencies associated with a

particular choice.
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People are hrghly sensrtrve to how choices are presented or framed Framrng Irmrts the definition of

- the problem rtself the options considered to be possrble solutions, and rnfluences the eventual choice
of the preferred option. Accordrng to Kahneman and Tversky’s prospect theory (Kahneman &
Tversky, 1979) people assign different values to perceived gains and losses. _For exampie, when
asking people about a program io combat a deadly disease, Kahneman and Tversky (1979) found
dramatic differences in people’s ehoice of program’ options, depending en whether the program was
framed in terms of how many lives it would save or how many people would die. People will pay a
premium to avord losses and less to achreve gains. They are more influenced by percerved garns or

losses than by the overall frnal outcome.

People are also more likely to rely on their prior beliefs, and the perceived similarity of the decision
situat‘ion to other situations they have experienced before, than on statistical probabilities, when
they make decisions (Kahneman, Slovic, & Tversky, 1982; Kahneman & Tvereiw, 1973). For
example, Kahneman and Tversky (1973) found that telling subjects a described event had either
low or high probability of occurrence had little or no_effect on their choices.

Mental models or decision frames are conceptual systems that people inadvertently create to
simplify and organize their understanding of the world. They often include many decision-making
rngredrents such as problem definitions, criteria (goals), and alternatives (options). They also
include: |

¢ Boundaries which control the scope of the problem,

. Reference points, elements critical to success or failure,

* Implicit yardsticks used to measure success or failure, and

e Metaphors and analogies used to interpret the situation at hand.

Personal construct th’eory anticipa'res the findings of psychologists Iike Kahneman and Tversky. We
may solve the wrong problem because our mental model or decision frame prevents us from

seeing the best options and important objectives. Bad metaphors or analogres may provide a
misleading understanding of the problem situation. Our judgements may be biased and our

choices may be ill advised. Personal constructs are simply the basic distinctions, underlying our

. preferences, and in most circumstances can be used to simulate our choices.
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6.0 RESEARCH METHODS

Three methods were used to elicit the expert metaphors and mental models of ecosysterhs: 1)
textual analysis, 2) direct questioning, and 3) the performance of a task. The first step was to
conduct a key word search of the scientific Iit_erature on ecosystem risk to identify commonly used
metaphors and mental models. ‘NVivo, computer assisted qUaIitative data ahaIySis software was
used to.develop a framework and typology of experts mental models of risk. This formative
“evaluation provided the basis for the design of the subsequent interview survey. Second,
interviews with key informants helped identify what experts thought was important about
ecosystems, and worthy of protection, conservation, or management in most eircumstances. The |
elicited constructs were used to develop-a repertory grid that experts could use to compare
different concepts or types of ecosyétems. Then the relatfonship_betweeh the experts’ mental
ﬁ ‘models and-worldviews was tested using a composite semantic differential scale comprised of
thirty statements. Finally, during.the web-based stage of the surVey, the experts were asked to.use
the repertory grid to operationally define the meaning of different concepts of ecosystem risk.

6.1 Data Collection - |

Data was collected by means of a literature re\)iew, expert interviews and an Internet-based survey.
6.1.1 Literature Review

The first step of the textual analysis was to define the.scope of the scientific literature about
ecosystem risk assessment and managemyent.

This survey of the scientific literature was conducted using keywords in context. Initially, the terms

o ve,cosyste_m and health, sustainability, integrity and carrying capacity were used. Adaptive

management, resilience and the ecalogical footprint were later added to the search criteria.

The initial search of the University of British Columbia catalogue yielded fewer than fifty references.

Then Internet searches were conducted, every six months over a four-year period, using the -

foI'Iowing search engines: Alta Vista (http.//www.altavista.ca/), Excite (hitp.//www.excite.com/),



http://www.altavista.ca/
http://www.excite.com/

Gdogle (http://www.google.com/ ), Lycos (http:/www.lycos.com/), and Yahoo (http://www.yahoo.ca/).

Copernic (http://www.copernic.com), a research tool for Windows-based systems, was also used

near the end of the survey to conduct searches of the Intemet. It relies on multiple search engines
and keeps a log of the results, which can be later edited and updated.

Most of the journal articles were downloaded from several online electronic collecﬁons of journal
articles. The CPLQ is the electronic version of the Canadian Periodical Index covering 415 |
periodicals published in English and French (http://www.qaleqroup.com/). It provides the full text

of articles published since 1995 for 165 of these periodicals. The Online Computer Library Centre
Electronic Collections Online (ECO) database also provides the full text of many journal articles

(htip://oclc.orq/oclc/menu/eco.htm). The National Library of Canada and the Library of Congress' ‘
helped locate many of the books cited. '

The search retrieved material encompassing the full range of humanities, social, and natural
sciences. As these terms are quite widely. used, additional criteria were used to select the material ‘
retained for further consideration. The selected items either had to explain the structure and
functioning of ecosystems; or debate the meaning and significance of any of the selected terms, or
address the assessment or rhanagement of risks to actual ecosystems. Over _seven hundred

references were retained for in-depth analysis from the initial search and subsequently reviewed.

The second step was to clarify the underlying conceptual distinctions between various mental
models of risk. A framework was developed and used to compare different mental_ models of'risk.
This involved identifying experts’ | | - |
e Beliefs about what is important and worthwhile about ecosystems
e Thoughts about the driving forces of environmental change
e Views of the ‘roIe of science
e Social concems” |
e Choice of valued ecosystem components, attributes, and felationships
e Choice of measurement and decision-making criteria, and

- Metaphors employed
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The final step was to describe these mental models and to try to capture the gist of the contrOversy
about their use. These findings were subsequently used in the design of the interview and

questionnaire surveys.
6.1.2 Expert Interviews -

Ecosystem risk is an unbounded intellectual domain. There is no sampling framework from which
we can draw a samplé of experts who think and act in terms of ecosystems. Ecosystem experts

are found in many disciplines and contexts.

An expert is someone who is widely recognize_d as a reliable source of specialized knowledge or
- SKiII, whose judgemént is recognised by the public and his or her peers. Experts may have -
~ advanced training and/or prolonged experience. There is no need for an individual to have

professional or academic qualifications to be accepted as an expert.

An exhaustive review bf the literature helped to identify the relevant institutional and disciplinary

contexts in which experté concerned about'ecosystems risk can be found. In order to ensure the

: étddy population was as broadly representativé as possible, the first goal was to ensure that all |

_points of view were representéd (i.e., every metaphor and potential mental model of risk), and that
all groups with a potential interest in ecosystem risks were canvassed (e.g., academics, resource
managers and regulators, business and consultants, cOmmunity groups and activists.) Finally an
effort was made to ensure that the respondents were .not'drawn éxclusively from one region or

-~ institutional setting. |

Potential subjects were identified_frdm their published work (e.g., academics & journalists), their
management responsibilities (e.g., conservation, prdtection or resource management activities), their
participation in conferences (e.g., EMAN - Ecological Management and Assessment Network), and
professional or organizational directories (e.g., CEN - Canadian Environmental Network).

- Over one hundred potential interview subjects were identified from their involvement with

ec'osystems or their contribution to the literature.
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- A sample size of thirty interviews was thought to be sufficient during the first stage of the survey to
“compare and contrast three to SiX different mental models of ecosystem risk. | For knowledge
-elicitation purposes a small sample of four to six respondents has proven to be adequate'a'nd to
perform as well as Iarger data sets (Ga.ines_, 1989), permitting rapid prototyping of expert systems.
Experience has shown that larger numbers of inter'vi}ews will simply produce redundant information
(Hill, 2002 citing Bostrom, 2000) | B |

The interr/iew subjects were first approached by e-rnail (see Appendix 1). Because of the travel and
logistics involved, the mailings were staggered so that interviews could be wound up in one region
berore they commenced in the next. When a subject agreed to an interview, they were contacted by
phone within ten days to-make the necessary arrangements. A running account of completed
interviews was kept to ensure that profess'ionals and knowledge'ab_le persons drawn from different
institutional contexts (government, industry, consultants, academia, and public interest groups) were
interviewed. An extra effort was made to reach women, activists, and bUsiness people, when it

became apparent that the numbers of interviews with these subgroups lagged behind other groups.

Each person who agreed to an interview was asked to sign a consent form (see Appendixv 2). They
~were asked for their permission to identify them as one of the persons interviewed. An audio

recording was made of each interview.

-In the interview, (see Aopendix 5) the respondents were asked to describe what they 'thought.was
important about ecosystems - to identify entities, processes, and relationships that they thought |
were worthy of management, conservation or protection in most instances. Next they were asked
to suggest corresponding assessment criteria. They were asked to compare and contrast different
eco-concepts. After they had selected their preferred eco-concept, they were asked to describe it, -
uéing the eco-assessment criteria they had selected.‘ |

During the next pnase of the interview the respondents were asked to identify what they'th‘ought '
were the main threats to ecosystems today and the extent to which they agreed or disagreed with
some common beliefs about society and the environment.
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In closing, the respondents were asked to provide some basic personal background information so
that their responses could be compared to those of other respondents. | '

6.1.3 Intemnet-based Questionnaire Survey

' Respohdents were asked to rate a common se.t df éco-concepts using the same assessment

criteria, a task which should have taken around thirty minutes to complete. These concepts and
Criteria were derived from the expert _ihterviews. Two versions of the questionnaire weré posted on
the web (see Appendices 8 & 9). |

- An e-mailed cover letter was used'to_ contact réspon‘dents and an HTML form was used for data

- collection. Modern e-mail packages automaiically convert universal resource locators (URL).or
web-addresses in the text of e-mail into hyperlinks. Placing the URL of the survey form in the
covering e-mail allowed to the respondent to “click” their mousebn the URL to display the survey
form and subsequently fill it out. '

The origihal interview respondents were contacted again by e-mail and asked to complete a
version of the survey using thé WebGrid software (www.repgrid.com). Both ‘uvser help notes and
context sensitive help were provided to help respondents use the WebGrid software. WebGrid
facilitates a free-form response. The respondents could e_dit and modify their response, adding or

deleting concepts o criteria if they chose. (See Appendix 8.) _

A fixed form of the questionnaire was postéd on the Web (see Appendix 9). This version of the

~survey was programmed using HTML, and input data into an Access database where it could be

- downloaded er analysis. A request to participate in the survey was circulated to several e-mail
discussion lists, inviting a wide range of subjects to respond to the survey (see Appendix 10). The

. preface to the web-based questionnaire'provided background information about the survey,
covering the same topics as t‘he‘inter'v‘iew request and consent form. It guaranteed the subjects’
anonymity. However, this time, the respondents were told they would be considered to have given |

their consent to participate in the survey by filling out the web-based questionnaire and submitting
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their answers to the survey database. The subjects participating in the second stage web-based
survey were self-selected. ' '

The respondents to the web-based survey provided background information such as gender, age,
education, professional identification ahd institutiohal affiliation. By embedding the survey in a
website, it was also possible to track the respondents’ origin. The respohdents rated a common
set of eco-concepts using the same assessment' criteria. The respondents could not modify the
concepts or criteria used. Nor could they revisit or compare their ratings of any of the concépts
once they had completed-the task of rating each of the concepts. Si_nce they didn’t participate in
the first stage of the survey, they were then asked to indicate the extent to which they agreed or
disvagreed with the same set of statements that were used during expert interviews to elicit the

respondents’ worldviews:

6.2 Analysis

The literature, interview, and Internet surveys were analysed using a mixture of qualitative and
quantitative data analysis technigues.

6.2.1 Qualitative data analysis

NVivo data analysis software (Richards, 2000) was used to analyse qualitative data from the
‘Iiterature review and expert interviews. Computer-assisted qualitative data analysis software helps
researchers form an accurate and transparent picture df interview or textual data while providing an
audit of the data analysis process as a whole—something that is often missing in accounts of
qualitative research. ‘For reviews of the varioUs software packages that are available, see CAQDAS
online (http://caqdas.soc.surrey.ac.uk), and for discussions of the use of this software in qualitative

research, see the Forum for Qualitative Social Research (http://www.qualitative-research.net/fgs/fqs-
eng.htm).

NVivo imports textual documents directly from word processors. These documents can be easily
coded on screen. One can easily view any coded data in context alongside other data that has

been coded in the same way. Any data retrieved foliowing coding identifies the source of the data
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and is linked to the original document. One can aléo use online memos to link text in different
documents, building up themes across the data.

NVivo was used mainly as an organizing tool. NVivo orgahises documents and coding Categories
or filters into sets or nodes. A hierarchical tree structure.can be used to summarise and display the
coding categories. For example, the valued ecosystem entities, attributes, and relationships were
organized according to levels of biological organiiation (i.e. landscape, community, population, and
organisms); It was easy to group observations and to eliminate redundancies. The list of

| c.ategories can readily be reviewed anvd modified as the analysis proceeds. Coding and coding

categories can be more readily modified using NVivo than a word processor.

- NVivo supports advanced searches of qualitatiVe data (e.g., use of Boolean operators and strings);
" It can also be used to explore and test relationships in the data. Patterns, associations and |
relationships may be suggested and explored by using logical or contextual searches. NVivo was
also used to summarise the data in tabular form. -

6.2.2 Statistical data analysis

The-repertory grid data was downloaded from an online cache (for the WebGrid survey instrument)
and from an Access database (for the Web-based survey instrument) and incorporated in a
common Excel spreadsheet. The interview subjects’ personal background data and response to
the worldview questions were added to the same spreadsheet. The data was analysed using
Microsoft Excel and SPSS (Statistical Package for the Social Sciences).

A variety of statistical techniques were used to analyse the data. Romney and his associates

. '(2000) examined a variety of statistical techniques for comparing different semantic domains.
These methods included: comparing meah correlations within and between subgroups, principal
components analysis (PCA), analysis of variance (ANOVA), and simple visualization techniques.
For exarhple, there are N(N-1)/2‘pairs of informants in any study. The mean pair by pair correlation
or matching score can be used to estimate the degree of expert consensus about a given domain

- (Romney, Weller & Batchelder, 1986). Alternatively, measuring the amount of agreement using
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covariance would completely avoid the problem of response'bia's because covariance is invariant
under different levels of response.bias. They concluded that all these techniques can be -
appropriately applied to partitioning shared knowledge into the following segments: (1) a umversal
‘portion shared by all subjects, (2) portions shared by specific subgroups, and (3)}a residual portion
accounting for sampling Variability, meesurement error, and true differences among subjects. All of

t_he_ methods produce comparable results, although each contributes unique in'sights about the data.

Underlying relationships in the data were tested for significance. If differences were found, "an
effort was made to determlne whether they could be attributed to dlfferences in the respondents
personal characteristics, professmnal background or work expenence

6.3 Repertory Grids

Repertory grid methodologles were used to elicit the conceptual structures of experts (see
Jankowicz, 2004 Fransella, Bell and Banmster 2004; Stewart 1998; Shaw & Gaines, 1987).

~ Kelly (1955) developed the repertory grids technique as a means to bypass people’s cognitive :
defences and to-gain access to their underlying conceptual thinking by asking them to compare and -
contrast reIevant"exaranes. The power of the technique is remarkable because it only takes a few .
critical cases described in terms of a few relevant attributes td completely define any subject matter
domain (Gaines, 1989b). ’ ’ '

A repertory grid is a matrix, a two-way classification of deta, cross-referencing an individual’s
personal observations and experience with a subject matter domain and their personal
interpretation or classification of that experience. Kelly's repertory grid is a way of representing

personal constructs as a set of distinctions made about elements in a problem domain.

Elements are examples drawn from experience that can be used to define the knowledge domain
being explored. The universe of discourse is determined by the choice of elements. Investigators
usually start with six to 12 elements (see Miller, 1956). Elements can be concrete or abstract
entit"ies, shodld span the topic as fully as possible, and should be the same type and level of

complexity. Any example used should be as specific as possible. Duplication or overlap should be
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avoided. All examples should carry equal weight and be equally representaiive of the element
class. An element class should be homogeneous.

Constructs are terms that describe the way in which the eléments are similar or different from each
other. Constructs are elicited as dichotomies or bipolar opposites. 'They may also be more-or-
less-than continuums. Constructs déscribevdi'mensions of thinking that are important tothe
subject. Each cell contains the constraints or é ré‘hge of values within. w_hich'these distinctions
apply. The'bipolar attributes in repertory grids can be treated as a pair of predicates defining fuzzy
s}ets and the rating of an entity on an_'éttribute can be regarded as defining the degree of
membership of the entity in each of these sets. |

The repertory grid is a matrix of elements (entities), constructs (attributes) and values. (See Figure
- 6.1.) The constructs or distinctions made about the elements in a particular domain form the rows

of the matrix. The elements or entities, which make up the domain, form the columns of the matrix.

. Cohc'epfs

Individuals

s y
Constructs Elemem ‘i ‘ Element 2 Element 3 '
Pistinction 1 Value .1, 1 ~ Value 1, L2 Value 1,3
Distinction2 |  Value 2,1 Value 2 2 Value 2 3
Distinction 3 - Value 3.1 Value 3,2 - Value 3,31 -
Distinction 4 “Value 4, 1 " Value 4,2 Value 4, 3|

- Distinction 4 Value 5, 4 Value 5,2 - Value 5,3

1 ' Repertory Grid - .

\ e y,

Figure 6.1 Repertory Grids (adapted from Gaines & Shaw 1993 Fig. 10)

The resultant data structure is one in which the expert has specified the terms for the elements and |

-their constructs, and assigned values to the constructs. The elements are usually concrete items
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in the domain whose nature, definition and names can be supplied by most experts. Constructs |
are used and labelled idiosyncratically because they reflect the differences in experts’ personal

conceptual systems.

The constructs and elements used in avrepertory grid must be independent of one another (Slater,
1969). The function of the repertory grid is to provide a technique for d_eﬁving an individual’s
eonceptual structure without direct elicitation of eoncepts or their structures and relationships._ The
assumption is that it_may be easier for experts to compare individual examples in the doméin of |
interest, and then to state in fairly concrete terms how they would dist‘inguish between them in
terms of properties relevant to the purpose of eliciting the grid. o '

The elicited conceptual structure is defined.by a set of basic distinctions, and by intersections
(derived distinctions). The constructs eIicifed will not fully ‘specif'y the _underlying conceptual
structure. However, it is possible by using suitable analysis techniques to approximate the
structure from the data provided (Gaines & Shaw, 1986). |

. 'Repertory grids have been used in a variety of applications. Gaines & Shaw first suggested in 1980
that repertory grids would be a useful development tool for expert systems, and later publiéhed a
validation study of the elicitation of expertise from accountants and accounting students (Shaw &
Geine‘s, 1983b). Boose (1984) in an independent study reported success with this technique in
developing a wide range of expert industrial applications. Other applications of repertory grids can
be found in education and counselling (Roulet, 1998, Pope & Shaw, 1981) and personnel evaluation
(Preiss, 2000; Dgnn,. Pavlak, & Roberts, 1987); in clinical psychology (Shepherd & Watson, 1982);' in
the development of expert systems (Ford et aI.,}1993, Gaines & Shaw, 1993), modelling neural

“networks (Domany, Hemin & Schulten, 1999), software requirements engineering

(http://ksi.cpsc.ucalqerv.ca/SERN/) and the deployment of information technology (Tan, 1999); in

assessing different communities’ responses to policy changes (Coakes, Fenton, & Gabriel, 1999); in
comparing geographers’ preferences about mapping techniques (Shaw & Woodward, 1'988); in
construction m'anégement (Halcrow-Bristol, 2001); in the evaluation of investment opportuhities
(Harris, 1999); in marketing (Eden & Jones, 1984; Sampson, 1972); and in studies of risk perceptioh
and cemmunication (Shepherd, Frewrer, & Howard, 1996; Raats, Sparks & Grugeon,1994).
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- Eliciting Repertory Grids

The knowledge expressed in a m'entalv model may depend on the elicitation context or method
(Caputi & Reddy, 1999; Carley & Palmquist, 1992). Mental models elicited by interviews may vary
significantly i:f questions are framed differen.tly-. For example, Thiiring and Jungermann (1986)
found that groups who were asked questions abou't'the causes and consequénces of California
earthquakeé in slightly different ways generated different mental models about the same problem.
Sevén (1984) found that even the temporal characteristics of a task influence the ways‘in which
mental models are expressed. By comparing mental models genefated in relation to past and
fuiure events, she found that subjects' explanations of pa'st events were more complex than those

-~ of future ones.

Kelly (1970) was interested in developing interviewing techniques (see Stewart, 1998) that did not
.impose the researcher’sr own frame of reference and worldview on the respondent and at the same
time would reliably elicit the respondent’s cognitive structure. Open-ended unstrucfured interviews
do not impose the researcher's cognitive frame on the respondent but unfortunately they often fail )
to elicit valid and reliable perceptions from the fespdndents. Repertory grids are a structured way
to elicit the cognitive structure‘ that an expert imposes on a Subject domain; that is to say, the
expért’s own frame of reference. These interviewing techniques attempt to solve the problem of
researchers trying to force the respondent’s perceptions of phenomenon into the cognitive

strubture of the researcher (Reger, 1990). ' |

Repertory grid interviews can be used to elicit different conceptual structures for the same domain
without distortion. In this study, two types of information were elicited: thé distinctions made.

. vamong the relevant elements that comprise the domain; and the constructs used to describe these

distinctions. The interviewing techniques used in the expert survey are described in full in the
interview guide provided in Appendix 4.
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Ser/eral strategies were used to elicit a set of elements from the experts to define the subject

- domain under study. Element nomination strategies included providing the respondent with a set
of examples prepared in advance, describing an element class, and then asking the respondent to
provide their own examples. Another strategy was to ask a series of questions Where the
respondents’ answers helped develop the element set. When you resort to questioning, the
questions have to Abe structured so that the interviewer samples all aspects of the element class.
_With a prepared list, it.is easier to compare different experts’ responses. However, the
respondents may not be familiar with all of the elements in the list and some may wish that other
elements had been mcluded If the interviewer asks the respondent to provrde examples of

~ particular classes of elements, they may respond with more familiar examples and omit others. It
also may be more difficult to explore the boundaries of the domain. '

Constructs were elicited by comparing two or three elements at a time (dyads or triads). The most
common form of eliciting constructs is the triad method. Elements were presented in groups of -
three, being the smallest number that will produce both a similarity and a difference. Subjects were
then asked in what way two are alike and different from the third. This elicited the emergent or

: expressed pole of the construct. The implicit pole was elicited by the difference method (the subject
could be asked to describe the way in which the example drffers from the pair) or by the opposrte

: method (what would be the opposite of the descrrptron of the pair).

In dyadic elicitation, respondents were asked to consider whether two elements are alike or
different in some w‘ay. Once they described the similarity or difference, they were asked to provide
a contrasting word or phrase opposité to the phrase they initially provided. In triadtc'elicitation |
respondents are asked to consider in which way two elements are similar yet different from a third.
The contrasting word or phrase-elicited in this instance described the way in which the pair is
drfferent from the third member of the triad.

Another process that was introduced into the interview is laddering. Laddering-up is a process by -
which the intervieWer can derive more general and inclusive constructs, and laddering-down is a
process by which the interviewer can derive more detailed and precise constructs. Laddering-up
has the interviewer take a construct and ask which pole of the construct is preferred in terms of the
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‘purpose of the interview, and why. The intervie_wef can then ask for thé reasons underlying the
preference, and then ask the subject to elaborate each of the reasons.. This process takes you
deeper i_nto'the construct system and eventually leads to What are known as core constructs -
‘deeply held values and beliefs which't_he person adheres to strongly. Laddering down has the -
interviewer take a construct and ask for some details about how one pole of the construct differs
from the othér - asking for more observable and behavioural detail about the construct, These

laddered-down constructs nearly always appear-as clusters in the final grid.

| After a number of constructs had beeh created, the next stage was to rate all the eleménts onall
the constructs, thereby forming a matrix that can be analysed byé number of different statistical
méthods. The resulting matrix or repertory grid répresenied the respondents’ construct system for
the domain of eanify in the Ianguag_e respondents Qse to describe_ and classify the elements.

Repertory Grids can be elicited manually or through the use of a microcomputer. The advantage of
computer-assisted elicitation is that it reduces the time needed to elicit constructs.and complete the
grid. The Internet can also be used to reach many potential subjects. The disadvah_tage is that
many potential subjects either may not be éomputer literate or may'be averse to using a computer.
I they lack the necessary computer skills or understanding of the software they use, the
respohdents may make many errors, become frustrated, and give up. Another significant issue
may be software glitches or problems with the programming.

- Repertory Grid Elicitation and Analysis Tools

The Personal Construct Psychology (PCP) web site provide_s an overview of the available repertory

grid programs (http://www.pcp-net.de/info/comp-prog.html). Only two programs support both

" elicitation and analysis: |diogrid (http://www.idiogrid.com/) and WebGrid I1I provide access to
repertory grid elicitation and analysis tools (http:/www.reparid.com/ ). Other programs support

either elicitation (e.g. Enquire Within http:/www.enquirewithin.co.nz/) or analysis (e.g. InGridx -

Wingrid http://homepaqes.ihuq.c_o.nz/'~income/tuto'r.htm ) functions only.
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WebGrid-111 s a toolset for the elicitation, analysis, and sharing of different kepertory grids over the
World Wide Web that resides on the server of the University of Calgary. It is publicly available at
no cost _and can be used by anyone who has a Microsoft or Netscape brdwser. Grid data are

‘stored in the HTML data input form itself, in hidden input fields, so that the user may save the file

locally, on their own personal computer or home page, reload it at any time, and continue the
transaction. The embedded data is readily éxtracted for use in other stand-alone applications,
such aé RepGrid2 (CPCS, 1990) and Statview. The ‘WebGrid-111 servér also converts computed
gr_aphics to'a GIF format, and returns them to the client where they can be examined and shared

with others. WebGrid also facilitates the exchange of grids between different users, and the online

administration and caching of grid data. An update to WebGrid-IV is currently in preparation, and

the RepGrid software package is now available for Windows XP as well as OS X systems

(http.//www.repqnd.com/).

This research relied on WebGrid-IIT and RepGrid2 (CPCS, 1990), an earlier stand-alone version of
the software package, to perform the analysis.

The Repertory Grid tool set (see Figure 6.2) includes modules that help analysts elicit and
exChange repertory grids; that sift and sort the 'elements and constructs in the repertory grid using
hierarchical and spatial cIuste'ring (FOCUS and PrinCom); that enable them to make semantic
comparisons (SOCIO) of the experts usage of relevant concepts and terminology; and that - _
facilitate conceptual structuring, and induction (ENTAIL or INDUCT) whnch can be used to analyse

the grid as a logical structure of classes and rules.
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- FOCUS

The FOCUS algorithm (Shaw, 1980) is a distance-based hierarchical cluster analysis technique

that reorganizes the original repertory grid by the similarity of the element and constructs ratings.

The FOCUS algorithm computes two matrices of inter-element and inter-construct distances.

Elements are arrayed from 0-100% based on degree of similarity and constructs are arrayed from -

100% to +100% based on their degree of similarity. Then the sets of elements and constructs are

sorted so that similar elements and constructs are grouped together.

Clusters are computed by selecting the highest matching scores from the resulting element and

construct matrices. This process is continued until all the elements and constructs have been

incorporated. Tree diagrams (acyclic graphs) showing these clusters are then imposed on the re-

sorted original data, revealing the underlying dependencies (see Figure 6.3).

Criteria 9.
Criteria
Cntena 5.
Criteria 7.
Criteria 3.
Criteria 2.

Critefia 1.
Criteria. 8.
Criteria<.

_L_&_kuu—lMM&

ey o NI L e

L e

o s —

<4— 55 Metoh

100 S0 80 7O
—l L

1 1] 9. Criteria

#

3. 6] 6. Criteria
el 5.Critetia

PO S R

7. Criteria
3. Criteria

2. Criteria.

Sy —

.Cntena

{ 8. Criteria.

. Criteria

L.3. Concept
. Concept
. Concept

100 90 80 70
—_

1. Concept
. Concept

. Concept
. Concept

. Concept

Disslmilertty

Figure 6.3 FOCUS Cluster Analysis Diagram

85



The major criterion for forming clusters is the linear reordering of the constructs and elements so that
the resulting grid displays a minimum total distance between all adjacent pairs of rows and columns.
This often results in a pattern of like responses being displayed diagonally across the grid (see
Figure 6.3). Both the reordered constructs and elements are numbered for easy reference.

A cluster is a subset of points (elements or constructs) where the distance between any points in
the cluster is less than the distance to any point not in the cluster. For example, constructs that are
zero distance apart are in some sense similar or equivalent constructs.
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In each FOCUS cluster diagram there are two acyblic graphs that display the resulting clusters of
constructs and elements. The scale above each graph displays the degree of similarity, matching
score, for closely linked constructs or elements. The matching‘score is a measure of overlap
‘between sets. For example, in Figure 6.4, Concept #8 and #5 have a matching score of 96% and
Concept #5 and #4 have a matChing score of 93%. Set (A) & (B) also form a distinct cluster. In
FOCUS analysis, these sets are sometimeé also called links. In Figure 6.4 clusters A and B are

very similar and the least like cluster D. Concept #6 in contrast is not included in any cluster.
- PrinCom

PfinCom, another distance-based algorithm, is a variant of principal components analysis, first
- used by Slater (1964) to process repertory grids. Principal components analysis is used to reduce
~ the number of variables necessary to explain the overall variation in the data, to classify variables,

and to locate the main dimensions in the data.

Principal components analysis is a technique for finding a set of weighted linear composites of
original variables such that each composité (principal'co_mponent) is uncorrelated with the others
(Bell, 2004a). The first principal component is such a weighted linear composite of the original
variables with weights chosen so that the composite .accouhts for the maximum variation in the
original data. The second component accounts for the maximum variation that is not abcounted for
by the first, and so on. These weights are found by a ,matrix analysis technique called eigen-
decomposition that produbes eigen’VaIues (which represent the amount of variat'ion"accounted for |
by the composite) and eigenvectors (which give the weights for the original variables).

There are several tests that could bé applied to determine whether to retain or discard a component
- from the _analysis. Kaiser's rule'is to only retain components with an eigenvalue greater than one
because it does not make sense to retain a component that explains less variance than a variable.
The second possibility is Catell's scree test. Plot successive eigenvalues, and look for a point where
the plot abruptly levels out. For the mbre statistically inclined, there is always Bartlett's test. What

the Bartlett test tells you is whether after a component has been extracted, the remaining dispersion
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is within the limits of sampling error. Because of the small non-random samples used in reper_tory

grid analysis, statistical tests of significance are generally not thought to be appropriate.

PrinCom uses a spatial map to represent the grid in a minimum number of dimensions (Shaw & -
Gaines, 1998; Gaines & Shaw, 1993.) The numeric ratings of any given construct in the grid may
be regarded fas_ a vector of values. From this point of view, each construct becomes represented
as a point in multidimensional space, whose dimensions are the numbbers of elements invoived.
For the entire constellation of constructs, PrinCom prdjects a set of axes, such that the first axis

| éccounts for most of the distance between them, and the second axis accounts for most of the
remaining distance. If the constructs are zero distance apart, it can be inferred they are being used

in the same way.

" In PrinCom the elements (or subjects) are arranged according to the descriptions provided by the
constructs (predicates). Subjects with similar descriptions are plotted in close proximity. The
constructs appear as lines with the degree of collinearity between two lines being a measure of the
constructs’ dependence. Perpendicular constructs can be construed to be independent of one
another. The length of the lines is some indication of the polarity of the constructs. For example,
any constructs whose subjects are clustered at the extremes of the scale would be displayed with
extended lines. '

The PrinCom display can be used to identify elements described in similar ways, and to identify the
constructs attributed to each element (see Figure 6.5). In Figure 6.5 the elements (concepts) are
represented by x and the constructs (criteria) by squares. Criterion 6 is closely related to Criteria 4
and 5, but appears to be largely independént of Criteria 1-3. Criteria 4 1o 6 largely describe Concept
#3. Concept #3 is the converse of ConCept #4 because it is negatively associated with the same

criteria.
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- SOCIOGRIDS

SOCIOGRIDS (Shaw>, 1980) .maps one grid onto another and produces a matrix of the degree of
similarity between the two grids. The SOCIOGRID analysis module provides the tools for
comparing different experts’ conceptual systems for the same domain, (repertory grids with a
common set of elements), allowing us to identify their similarities and differences. If the grids have
common element and construct names, the FOCUS “minus” algorithm can be used to highlight the
differences. Zeros indicate agreement and increasing values indicate the degree of dissent. Each
construct used is listed in order of how highly matched it is across all grids. Mode grids consist of
the most cbmmonly used constructs. Similarity is not determined based upon literal similarity but
upon the ordering of the construct set. Elements or constructs where there is the least amount of -
agreement can be deleted from the grid. Only core elements and constructs, where there is some

degree of consensus and common understanding, need be retained for further consideration.
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SOCIOGRIDS’ Entity-Attribute Compare functions were used to identify the degree of conflict and
consensus in the group (Shaw, 1994; Shaw & Gaines 1989). For example, the Entity-Attribute
Compare function can be used to identify matching or dissimilar values, and the Entity Compare
functions can be used to identify the closest matching elements of the grids. The Mode, Entity and
Attributes function can be used to extract highly matched elements and constructs from the majority

of grids.

Figure 6.6 illustrates the compare function. In comparing the repertory grids of two different persons,
the constructs and elements are sorted so that those that are most similar are on the top and left
respectively. The numbers on the right of the graph show the matching scores and the numbers in
parentheses show the cumulative percentage of items matching at that value or greater. For
example, Person #1 and Person #2 only agree on Concept 3 and Criteria 4-6 if a cut-off value of

eighty percent is used.
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The SocioNet functions also help to identify subgroups of experts who think and act in similar
ways. SocioNets are extracted from the matrix of similarity measures. The highest related pair
and subsequent pairs (linkages) are extracted on the basis of their rank ordering on the similarity
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measures. Every pair of grids is compared using the FOCUS algorithm to reveal the linkages
among constructs in the grids. - These functions help show the degree to which each expert is able
to make the same distinctions as other experts, even though they may use different terminology.
SocioNets exposes the members of the group that have most in common and those with strongly
idiosyncratic viewpoints. | |

. EXCHANGE Grids

The anailysis relied primarily on Shaw and Gaines’ (1989) methodology for comparing the
conceptual systems of experts. A common or modal repertory grid derived fro"m the interview
survey was exchanged amongst survey' respondénts. A modal grid of ecosysterh concepts and -
criteria was derived from the expeft inter_viéws, and the survey‘r'espondents were asked to rate
eight different eco-concepts using a common set of criteria. Comparisons of the original grids
allowed correspondence and contrast to be modelled, while comparisons of the exchanged grids

allowed consensus and conflict to be modelled.

Reperidry grid methodologies can be épplied to domains where there is still no consensus about '
the relevant distinctions and'terminology, and the primary sources of knowledge are still the
conceptual structures of individual experts{ In these oircumstancos, it-is important not to assume
that there is a ‘correct’ co'hceptual framework'or terminology and to be ablé to highlight the
differences among experts. It is only possible to compare the conceptual structure_s‘of experts as
long as the experts agree on the elements or entities that comprise the domain théy are studying.

The priméry consideration in modeliing the knowledge structure of groUpé isa Iinguistic one -
tracking the terminological differences among' experts. The recognition of consensual concepts is
important because it establishes the basis for communication using shared concepts and
terminology. By identifying conflicting conc_epté, it is possible to avoid confusion when different »
ooncepts are labelled with thé same term. When we are aware of contrasting concepts, it can help
identify those aspects of knowledge about which communication ahd understanding may be very
difficult. '

91




) Tefminoiogy’, S

: . Same - Different
. @| - Consensus Correspondence
o g . Expertsuse . | - Experts:use

~_tn| terminology and .|  --different
B | conceptsin the  |terminology for the’
5 | - sameway - | sameconcepts |
<L B Conflict -Contrast
213 ... Experts use . - | . Experts differin
4= | 'same terminology .| terminclogy and
Q for different ~ | - - concepis -
o concepts -

Figure 6.7 Comparing the Conceptual Structures of Experts (Shaw & Gaines 1989 Fig. 2)

As Figure 6.7 illustrates, where .there is consensus, shared concepts and terminology provide the -
basis for communication among experts. Different terms méy»have_ a corresponding use in
describing the same concept; and one can be substitoted for the other. Where experts use the
sarhe or corresponding attributes to describe the entity, there is a basis for mutual understanding of
any underlying concepts, and for professional coIIaboration.‘ In instances of oonflict, confusion can
be avoided if one realises that different concepts are labelled with the same term. Finally, when
experts use contrasting terminology and concepts, communication may not be possible.

Discussion of these differences is itself an important goal' of the knowledge elicitation process.
(See Shaw & Gaines, 1989; Gaines & Shaw, 1989.)

- INDUCT

-‘ Repertory grids are useful knowledge elicitation tools. However, their ‘flat’ entity-attribute-value
structure seems to preclude their use in developing hierarchical knowledge structures common in
semantic networks and decision analysis. FOCUS cluster analysis is a sound tool for deriving
hierarchical structures underlying a flat grid (Shaw & Gaines, 1998). WebGrid provides another

option called INDUCT. INDUCT does not look at a gfid as a set of vectors in space but as an
assignment of truth-values to logical predicates. For example, if we consider that the elements or
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entities being rated are the subjects, the ratings of constructs or attributes may be considered to be
- the predicates describing the subject. Gaines and Shaw (1986; 1980) were the first to use fuzzy

sets to analyse the entailments in repertory grids based on rating scales.

The INDUCT algorithm is derived from fuzzy set theory (Gaines & Shaw, 1986; Shaw & Gaines,
1984; 1983; 1982). INDUCT represents the C‘onceptual systém implied by the grid as a Ibgical
structure of classes and rules. It proceeds by applying a decision tree algorithm to the constructs
attributed to a particular element of the grid. ‘It analyses logical dépendencies in the data. Three '
values are provided: (1) the truth-value 1-100%, (2) the possibility of hypothesis being true, and (3)
unéertainty reduction, which can be used to prune trivial assertions. The output can be used to
create a directed graph in which the strength of the inferences can be expressed as conditional »
probabilities. |

INDUCT infers the rules (with exceptions) necessary to generate complexvdecisions from fairly
small grids - allowing knowledge to be elicited fairly effiCiéntIy compared to rule induction from
databases (Gaines 1989a). The rules can be converted directly into a decisidn trée expressing the "
~ relationship between the expérts’ premises and their conclusions. INDUCT generates'bbth
Exception Directed Acyclic Graphs (EDAG) which may be read as sets of rules with exceptions

‘ _(Gaines 1996) and Ripple-Down Rules (RDR) that minimize interactions between rules (Gaines &
Compton 1995). INDUCT combines the features of manual énd inductive appf_oaches to
knowledge elicitation. | | |

6.3.1 Case Studies

The following hypothetical case studies demonstrate the functionalify of the software, and illustrate

the various types of analysis that may be undertaken.

JOB Case Study.

The goal of this particular case study is to gain insight into the subject’s job preferences. Using the

elicitation process described earlier, the subject was asked to.compare and contrast their current job
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with their ideal job, a possible transfer, and a receht job offer. Eleven criteria were elicited. The

subject was then asked to use these to rate each job option on a 5-point scale (see Figure 6.8).
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Figure 6.8 Display 6f Repertory Grid .Elicited from the Subjéct Comparing Job Options

FOCUS can be used to conduct a cluster analysis of the subject’s job options and preferences.

The cluster analysis (see Figure 6.9) shows that the new job offer is most like the subject’s ideal

job (matching score of 91%) and the subject’s current job is most like the proposed transfer (79.5%

match). When we examine what the subject thinks isv_imp'ortant in a job, the elicited criteria break

~ down into the following clusters:

1. Pension and holidays (100%)

2. Interesting job, good salary, supportive boss, flexible working hours and prospects of

promotion (93.8%)

3. Private office, good working conditions, interesting work and an oppbrtunity to travel
(87.5%) |

4, High salary and an opportunity to advance one’s education (81.2%)
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-Figure 6.9 FOCUS Cluster Analysis of the Criteria Used by the Subject to Evaluate Job Options

Next PrinCom' was uséd to represent the grid in a minimum of dimensions (see Figure 6'.10). The
constructs used by the subjeCt to evaluate their job prospects are bi-polar opposites, and allow us
' to contrast the subje'ct’s job options. For example, the subject’s current job is the exact opposite
of their ideal job.. When it comes to the new ]Ob offer and a potential transfer; the plcture is. more
“mixed, but the new JOb is described Iargely in posmve terms, while the transfer is described in moré
* negative terms. The new job is closer to‘, and therefore more alike the subject's ldeal job. ltis also
worth noting, for example, that criteria like interesting work and colleagueé, opportunity to travel,
“and educational leave are for all intents and purposes equivalent terms in the subject’s evaluation.

scheme because they are zero-distance apart.

One com’p'onent accolunts for 93% of the vaﬁanbe (see Table 6.2). Examining the construct
loadings on each component, the first component could be déscrib_ed as Job and Fringe Benefits. -
For example, the most important con_t_ributing variables to the first component were salary,
promotional oppbrtunities,‘interesting work and co-workers, travel, and pérsohal development. The
second component accounts in a minor way for the working environment. The subject’s
relationship with the supervisor and office working condition_s appear to be a very» minor

consideration.
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Table 6.1 Principal Components Analysis of
Subject's Job Selection Criteria

9291 635 0.74

-0.235 -0.057

Hours of work | 2* 0547 0.078-0.083
Holidays 3*-0.237 0.078 0.019
Working conditions =~ 4* 0.311 0.156 -0.064
Supervisor 5* 0.482 0.253 0.027
Office accommodations .| 6*0.237-0.078 -0.019
Company pension 7+*-0.237 0.078 0.019
interesting work & co-workers 80,645 -0.060 0.052

Promotional opportunities 9
Travel 107
 Personal development 115

45 -0.060 0.052
-0.060 0.052




EXPERTS Case Study.

Repertory grids can be merged to examine the intersection of ideas, by exploring mixed clusters of
concepts to see if one can find common ground. In the following hypothetical case study we have
sifted and sorted through grids elicited from a wildemess activist, fisheries biologist, land use
planner, and‘commercial forester, using the' SOCIOGRID functions to choose a common set of
assessment criteria. Each of the participants cbniributed some of the criteria used to construct the
modal grid.- They were then asked to use the same modal grid to rate what was important in

| écosystem management. |

The Focus Cluster analysis (Figure 6.11) shows that the participants used the criteria with roughly
 the same level of c'o'nsistency (inspect the acyclic graph in the lower right hand comer). All had
matching scores in mid 70 % range.

Several distinct clusters of assessment criteria were identified (review the acyclic graph on the

upper right hand side of the diagram). For example,

100% Match

1. Nutrient cycling, population growth, vigour & viability (Criteria 1,10,11)

2. Range, species composition, disturbance regime (Criteria 9,12,13)

3. Ownership, size and state of the area (Criteria 2,8)
93.8% Match

4. Reproductive success, natural ecological processes, habitat connectivity (Criteria 6, 7, 16)

5. Logged, farmed or settled, dams 6r roads, artificial boundary (Criteria 3, 4, 5)
§7.5% Match -

6. Species at risk (Criterion 14)

' 75.0% Match

7. Plants, fish, and wildlife unfit for human consumption (Criterion 15)
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Although clusters may have similar matching scores, each cluster may be characterised by a
- distinctive respﬂonse pattern. For example, even though clusters one and th_ree have a 100%
matching score they have very different response patterns (Inspect the list of criteria. Compare
~ criteria 1, 10 and 11 that make up cluster 1, and then cohtrast them with criteria 9, 12 and 13 that
make up cluster 2.) | '

The acyclic graph shows that most of the clusters of criteria in this list may be grouped into more
inclusive clusters. For example, clusters 284 and 3& 5 may be grouped into more inclusive

clusters. The resulting clusters appear to contrast human-induced and other ecological changes.

Thé PrinCom Map (Figure 6.12) helps to identify the principal underlying dimensions in the data.

Each of the participants was sensitive to a different set of assessment criteria. The wilderness

activist was most like the biologist and least ke the commercial forester in his use of the criteria. The

activist's use of the assessment criteria is the polar opposite of the forester. The wilderness activist

and fisheries biologist were more preoccupied with conserving the natural character and functioning

of the area than either the forester or the land use planner, who were perhaps less concerned about
: huma.n impacts and more interested in the area’s potential use.

The length of lines in the PrinCom Map indicates the relative polarity 6f the constructs. For
example, where the forester and planner may be indifferent, the activist and biologist prefer large
intact, naturally bounded areas with native species. Ownership, the construction of dams and
roads, and whether or not the area has been logged, farmed or settled before are other polériiing
issues that discriminate among the individuals.
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Figure 6.11 FOCUS Cluster Analysis of the Participants’ Use of the Assessment Criteria
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6.3.2 Repertory Grid Descriptive Statistics |

A variety of summary statisﬁcs_c_an be used to describe the repertory grids themselves (Bell, 2003;
Preiss, 2000; Reger, 1990; Dunn, et al. 1986). CoIIectivé frames of reference (such as khowledge
networks or epistemic communiiies) ca.n be represented by matrices of shared constructs. For
example, element IOr construct preferences were déterm_ined from their éverage rétings. The
perceived similarity or difference of the eleme'nté was computed from a cluster analysis and pair-
wise comparisons of inter-element distances. | '

Construct centrality describes the relative importance of the construct and was measured from its
average correlation with other constructs. Differentiation describes the number of constructs |

generated. Expe_rts tend to have a more differentiated construct system than lay people.

Cognitive complexity describes the number of unique constructs generated by a respondent.
Where elements of a grid are construed in a similar_fashion, construct organization is simple. If the
constructs are highly-inter-correlated, each construct contributes Very little additional information -

- about the elements, and will lead to similar choices and outcomes. More complex construct
systems are inter-correlated {o a lesser extent, and each construct independently contributes more
.information about the elements. If the elements are construed in Iess.related ways, then the more
compl.ex conceptual organizafion may lead to more uncertain outcomes. Of course, if the elements
are construed in totally unrelated ways then we could have chaos. |

6.4 Worldview Scales

“This research aimed to determine whether or not the experts’ belief systems play a role in framing
their views of ecosystem risk. As well, it examined the influence of different personal background
characteristics on these belief systems. FoIIowing a discussion of the literature on risk perception,

the rationale for development and testing of the worldview scales used in this study is explained.

Building on Simon’s concept of bounded rationality (Simon 1955) and Tversky and Kahneman'’s work
on ¢ognitive heuristics and biases (Tversky & Kahneman, 1974), Slovic and his coworkers (Slovic,
Fischoff & Lichtenstein, 1978) argued that faulty perceptions of risk could be explained in terms of the
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cognitive limitations of human beings. Through muitivariate analysis they showed that many risk
Characteristics were highly correlated, and could be reduced to two or three factors at most (e.g. type
of consequence, nature of exposure, and lack of knowledge) that explained the majority of the
variance in risk judgements. The derived factor space provided a cognitive map of risk perceptions
that has been called the psycho'metric paradigm. This approach has been replicated many times, |
and it has be'en frequently possible to show»thpat the factor structure is invariant. Psychometric
research has provided the justification for a mddei }cf decision-making that seeks to insulate rational

expert jvudgement from contamination from irrational public fears (Jasnoff, 1998).

Dake (1991) developed an alternative approach to the study of risk perception based on the grid-
group theory of Douglas & Wildavsky (1982). This approach is premised on the notion that risk
'perceptio'n is conditioned by group membership. Dékes (1991) cuit_ural’bias scales have been

~ used in a number of studies (Sjoberg 1998; Marris, Langford & O'Riordan 1996). Researchers
found that each cultural bias waé associated with a distinct set of beliefs, and concern about a
distinct set of risks. This research suggests that risk communication practice would benefit from a

shift in attention from message construction to-audience analysis.

Ho_Wever,'when the two approaches were compared, these researchers found that the psychometric
approéch explained a far greater percentage of variation in risk perception th'anpthe cultural approach
(e.g. Marris et al, 1996, found the psychometric approach explained 50% of the variance inrisk
perception, and orily 14% of the variance in risk perception was explained by the cultural approach).
Sjcberg, and his associatés have reviewed the psychométric and cultural approaches to risk
perception and found both of them wanting (Sjoberg, Moen & Rudmo, 2004; Sjdberg, 2002; Sjoberg, '

1995). They claim either approach explains only a small percentage of variation in risk perception.

o ’Tbhe psychometric approach treats qualitative risk characteristics as inherent attributes of the
hazards themselves rather than as the respondent's own mental constructs (Marris, Langford and

“O'Riordan, 1997). lts explanatory power is largely due to the inclusion of dread items in the list of
explanatory variables (Sjéberg, Moeh & Rudmo, 2004). However, dread is not a cause but more
likely a consequence of perceived risk (Gregory & Mendelsohn, 1993). Furthermore the

: psychometric correlations in aggregate data tend to disappear when analyzed at the level of
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individuals (Sjéberg, Moen & Rudmo, 2004; Marris, Saunderson & O'Riordan, 1 998). As well, the

psychometric épproach does not distinguish betWeen'groups, other than lay persons or experts.

‘One could discard Dake’s cultural bias scales simply beéause’ researchers have not obtained good
results using them. (e.g. 'Sjéberg, 1998:; Marris, Langford and O’Riordan, 1997). What is more, -
context free queStibns do not provide the meéns to analyze group relations (Marris, Langford and
‘O'Riordan, 1997). On closer examination it is also clear that the Dake’s questions do not tap the
underlying distihctions made by cultural theory (e.g. Thompson, Ellis & Wildavsky, 1990; Dbu_g_las &
Wildavsky,;1 982) or the distinctions used'by other researchers to compare the worldviews of |
different reference groups (e.g. Haas, 2002; Dunlap et al., 2000; Hofsetter, 1998; Stern & Dietz,
1994; Merchant, 1992). Marris, Langford and O’Rilordan (1997) also note that abetter mix of
quanﬁtative and,qualitative research methodologies would generate better insight into who might
defend these viewpoints in different circumstances, whether there are only four mutually exclusive
worldviews or not, and how these v‘iews are related to patterns of social solidarity, judgement or

institutional trust.

- Many writers have argued that our current environmental problems stem from a constellation of
beliefs they call the dominant social paradigm (Dunlap & va.n Liere, 1978). These beliefs include

-our support for the status quo; contin_uéd economic growth'; our faith ih science and technolbgy,
prbgréss, and future prOéperity; and opposition to government intervention in our lives. They
claimed that if disaster is to be avoided society must embrace a new ecological paradigm (e.g.,
Daly, 1973, Meadows, Meadows & Behrens, 1972, and Commoner, 1971)..

One of the most widely used measures of environmental beliefs is the New Ecological Paradigm
“(NEP) scale (Dunlap et al.,' 2000, Dunlap & Van Liere, 1978). NEP claims to measure the extent to
which people believe human actions help or harm the environment.. The NEP taps beliefs that
-people have about their impact on the balance of nature, the need for limits to growth, human
domination of nature, and the potential magnitude of the current eco-crisis. It is not rooted in social
or psychological theories of attitude formation. Dunlap and Van Liere (1984) found that the
dominant social paradigm and the new ecological paradigm were negatively correlated. The NEP

has been replicated in many countries and from the available evidence it appears that the
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Canadian public shares most of the beliefs described by the NEP (e.g. Blake, Guppy, & Urmetzer,
1997).

‘Contrary to Douglas and Wildavsky’s (1982) grid-group theory, thére is no a priori basis for saying
there are only four'woridvie_ws; 'Regardless of what you’ call them (e.g. worldviews, paradigms,
visions or dis_bour_ses) depending on the somircé used, from two to five worldviews are described in
the literature. . For example, Dunlap and his co-wbrkers refer to the new ecoIdgicaI paradigm and
the dominant social paradigm (Dunlap et al. 2000; Duhlap & van Liere, 1978); O’Riordan (1995)

| réfers to ecocentric and teChno’centric. worldviews; and Gagnon, Thompson and Barton' (1994) to
ecocentric and anthropocentric worldviews. Costanza (2000) uses two worldviews, technological
optimist and technological skeptic, from which he generates four visions (i.e. Star trek, Ecotopia,

. Big Government, and Mad Max). Even Dake (.1 990) at one point d_eécribes worldview (a) and

* worldview (b). Examples of tripartite breakdbwns-include: Hofstetter ('1 998) technosphere,r
ecosphere, and valuesphere; Axelrod (1994) egocentric, homocentric, and ecocentric; Stern and
Dietz (1994) egoistic, altruistic, and biospheric; and Merchant (1992) bio-centric, socio-centric and
ego-centric. Douglas and Wildavsky's (1982) grid-group theory included four worldviews:
hierarchy, egaiitarianism; individualism, and fatalism (e.g. Dake 1990). Haas 2002 also identified
iour dominant environmental discourses: cdrnUcopian; malthusian, sustainable development, and
radicai/postmodern. Other authors added a fifth worldview to the base set proposed by Douglas
and Wildavsky. For example, Thompson added autonomy (Thompson, Ellis & Wildavsky 1990),
and Krewski added technological enthusiasm (Krewski et. al. 1995). |

In the present research, three clusters ofA beliefs were chosen to represent sociai, environmental
and economic viewpoints or discourses. Neither Dake’s nor Duniap’s scales represent the full
spectrum of beliefs described in thev literature on worldviews. Dake’s is biased towards

. 'egalitarianism_ and Dunlap’s excludes the dominant social paradigm. Ten different clusters of
beliefs were identified from the worldview literature described above. (See Table 6.2)
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Table 6.2 Exper‘fs Worldvuews

Other Species

|| WORLDVIEW ‘ scourse «
Orientation Aesthetic and moral - Public good - Se|f lnterest -
Faimess to future generations | Social order Equality of opportunity
Concerns Inequality - Safety & Security - Personal freedom -
Perceived Risks | Environment & Technology =~ | Violence, Deviance Business failures, Debt
Myths of Nature. Fragile - unforgiving Resilient within limits Robust — benign
Coexist | Wise use Dominate

.Resource
Management

Can'manage neither resources
nor needs

Can manage resources but
not needs

Can manage resources
and needs '

Social C_on‘rrol

Community consensus and

Bureaucratic standards and

w eII-functioning markets

-cooperation regulation and competition
Experts Misuse scientific knowledge in | Map & manage boundaries of | Creativity & innovation is
short-sighted ways acceptable risk critical to our survival
Learning & Precautionary — Participatory Rules - Defer to-authority Trial & error-Negotiation -
Decision Making ' ’ :
Risk Taking Risk Averse -continued Risk/Benefit —opportunity cost | Risk Taker - growth and

economic growth will ultimately

for creating wealth, a stronger
society and a safer future

innovation leave people
better-off in the long run

lead to environmental disaster

Each bundle or cluster of beliefs in Table 6.2 should be intemnally consistent and contrast with the
others. .These discoufses are typical of different groups such as government ofﬁcials and regulators,
acaderhics, community and activist groups, and business groups. Underlying experts’ worldviews are
different value orientétions, concerns, perceptions of risk, myths of nature, relationship with other
species, notions of resource management, preferencés with respect to social controls, ideas about

the role of experts, conceptions of environmental learning, and approaches to risk taking.

Worldviews consist ofa corﬁmon set of shared beliefs and causal assertions that distinguish one
'group of people from another. Both the interview and survey respondents were asked to state the
degree to which they agreed or disagreed with the statements in Tablé 6.3 (which follows) using a
five point semantic differential scale.> The statements were selected from previous surveys
(primarily Dunlap et al. 2000, and Kémpton, Bo_Ster & Hartley 1995) using the framework provided
by Table 6.2. The statements were selected because of their known' power to discriminate between
groups with different worldviews and were adapted for use in this expért survey after a pre-test.

Scaling, like index construction, creates a summary measure from a set of indicators of an underlying
construct. The working hypothesis was that if respondents shared a particular worldview they would

endorse or endorse more strongly a particular subset of theSé statements. Likert indexes (average
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ratings of each subset of questions) were calculated for the three different clusters of beliefs. These
summary measures were used to test the hypothesized relationship between experts’ mental models
of risk and th’e‘ir underlying worldviews.

The validity and reliabilify of a scale can be determined in a variety of ways. “A scale has logical or
face validity if it adequately defines or descfibés the concepts or domain being studied. Do
different observers agree on the meaning of thé it'ems or recognise the imagery being used? The
theoretical fationale for the selection of items has been explained above. Construct validity was

| e}stainshed by selecting representativé test items for each domain. Where the items selected
discriminate between known groups or predict differences in experts’ mental models they have: |
criterion validity. | | |

A good scale or index should be internally consistent.

Indexes are constructed'from a set of test items that are thought to represent a latent variable,
such as a worldview. I'tems (e.g. the statements) representing a latent variable (such as a
particular worldview) should be more strongly interrelated with e_ach other than with the items that
are thought to represent other latent variables (different worldviews).

Scales are ordinal indexes that describe greater or less than relationships. Although the items’
(e.g., statements) _used in a worldview scale are often expressed in ordinal terms using a semantic
differential scale (i.e., the subject may strongly agrée thrdUgh to strongly disagree with a
statement) each set of items (describing different worldviews) are not necessarily ordinal w‘ith
respect to each other. | | o
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Orientation

Discourse

We have to protect the
environment for our
children & grandchildren,
even if it means reducing
our standard of living today.

is country we should
return to more traditional -
values and way of life.

ISCO

« Continued economic growth
& technological innovation
is the key to improving
human welfare.

Concerns

If wealth and opportunity
were more fairly distributed
in this country we would
have fewer environmental
and social problems.

We cannot rely on the
functioning of markets or
the goodwill of individuals
to protect our health and

" the environment.

+ Governments should not
restrict peoples’ personal
freedom or their lifestyle

~. choices.

Perceived Risk

» Modern technology poses
serious risks to the
environment.

The so-called
“environmental crisis”

facing humankind has been .

greatly exaggerated.

e Human ingenuity will insure
that we do NOT make the
Earth un|iveable_.

Myths of Nature

¢ The balance of nature is
very delicate and easily
upset.

Nature is resilient but it can
only absorb so much

- damage. -

o Nature will recover in the
long run from any harm
caused by humans.

Other Species

e Plants and animals have
the same right as humans
to exist.

As long as the same
species exists elsewhere in
the world, humans have the
right to use plants and
animals to meet their needs

o If humans do not have a
particular use for species,
they shouldn’t worry about
it becoming extinct.

Resource e We should voluntarily adopt| e We are approaching the o The Earth has plenty of
Management * asimpler less materialistic | limit of the number of natural resources, if we can
: : way of life in order to save people the Earth can just learn how to develop
the environment. support. them.

Social Control

 Communities know better
than government or |
industry what needs to be
done to protect the

Companies won't protect
the environment until the
law forces them to do
something.

« Private enterprise is more
fikely than the government
to find solutions to
environmental problems.

environment.’
Role of Experts | There is so0 much o We should leave the tough-| e We should rely on our own
disagreement among decisions about the common sense rather than

_experts that itis hard to
know who to believe about
the environment.

~ environment to the experts.

the opinions of experts
about environmental
issues.

Learning & ‘e ltis often less costly to » Humans will eventually | e Environmental choices
Decision Making prevent environmental ‘learn enough about how always involve trade-offs.
problems than to fix them. nature works to be able to
_ control it. : _
Risk Taking o |tis'unfortunate but ¢ The public should be » In a fair society, people who|

acceptable if some people
lose their jobs or have to
change their line of work for,
the sake of protecting the

environment.

prepared to accept some
environmental risks if they -
want to have a more
Prosperous economy.

invest and take greater -
risks should be rewarded.
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Cronbach's alpha or reliability coefficient is the most common test of whether or not the test items
are sufficiently interrelated to justify their combination in an index. It is hot a iest of significance, -
rather a measure of internal consistency. Alpha measures the extent to which item responses
correlate highly with each other. Though widely interpreted as such, strictly speéking alpha is not a
measure of unidimevnsionality. In most social sciencé apblications a reliability coefficient of 80 or
higher is considered acceptable. When aIpha' is .70, the standard errot of measurement will be
over half (0.55) a standard deviation.

- Cronbach’s alpha (1951) is defined as the mean correlation between each of a set of items, all of-
which have been measured for every me'mber of a sample, with thé mean of all the other items.
The higher the proportion of variance due to individual responses rather than the items used, the
- higher Cronbach's alpha. If the deletion of an item causes a considerable increase in alpha then'

investigators should normally consider dropping the item from the scale.

A set of items can have a high alpha and still be multidimensional. This happenS'When there are
separate clusters of items (separate dimensions) that are hi}ghlly intercorrelated, even though the
clusters themselves are not highly icorrelated. Also, a set of items can have a low alpha even when

it is unidimensional, if there is high random error.

In addition to estimatihg internal consistency or reliability from the average correlation, the formula_ :
for alpha also takes into account the number of items on the assumption that the more items, the
more reliable a scale will be. That |s when the number of items in a scale is higher, alpha will be
higher even although the éverage correlations may be similar. As the number of items rises, alpha

rises.

A_Iso, the_more_ consistent within-subject responses are, and the greater the variability between
subjects in the sample, the higher Cronbach's alpha will be. Finally, alpha will be higher when item
variances are relatively homogeneous than when they are not.

Reliability answers the question of whether or not a scale or index will yield the same result if used

“again. Other researchers have used the items that comprise the proposed scales successfully.




Test-Retest reliability was determined by using the worldview scales in the expert interviews, and |
then by using them again in the internet-based survey, and by comparing the results.

6.5 Research Approach _

The literature review helped identify and describe different expert mental models of risk. This
'informvation provided the framework for the expert interviews. The experts were asked to identify
importaht ecosystem entities, attributes, and relationships they thought should be managed;
conserved or protected The elicited constructs were coded, grouped-and classified by different
levels of biological organization, using NVivo. WebGnd was used to further sift and sort through
'~ the contributed constructs to create the modal grld that was used in the subsequent Internet

survey.

Respondents were asked to describe an ecosysiem concept (eco-concept) that best captured their |
mental model of risk. Their worldview was determined from a series of semantic differential
questlons designed to capture their bellefs about society and the environment. Indexes for three

- discourse or clusters of be_hefs were calculated from their response to these questions. These
indexes were then used to determine the extent to wh'ich a particular worldview was associated

‘with a.given mental model of risk. The possible influence of the respondents’ personal and

profeSSIonaI background and prewous work experience were also assessed.

During the second stage of the survey, the respondents were asked to rate several eco- concepts .
using a common set of assessment criteria. WebGrid was used to assess dlfferences in the way
they used the criteria to define different eco-concepts. The degree of consensus or conflict in the
group was 'deiermined. Finally an attempt was made to logically structure their responses and to

draw some general conclusions about ecosystem risks.

The background characteristics of respondents were then assessed to determine whether the

survey sample was representative and to identify any contributed form of bias.




7.0 EXPERT METAPHORS AND MENTAL MODELS OF RISK

The use of m_etaphors and different mental models of risk is commonplace and controversial in
ecosystem science. Scientific metaphors are analogies'(Gentner, 1982) that help us understand
one doméin in terms of another. The target domain is brganized and structured in terms of
conceptual éystems bbrrdwed from the more readily observable base domai_h. People use the
base domain to think about the target. Conventional metaphors, in contrast, are used for
expressive purposes and are designed to evoke a reaction. The conventional view of mental
models is that they are simplified set of distinctions that individuals make about the world to help
them to interpret what they observé, generate inferences, and solve problems in a particular

- domain (Kempton, Boster, & Hartley_ 1995; Rouse & Morris, 198.6). Typically a hierérchical means-
ends framework is used to capture the conéepts and relationships nece}séary to structure a

~ decision. These conceptual structures are called “expert mental models of risk’ (Bostrom, 1990).
An alternative position is that mental models of risk are s'imply wdrking memory constructs or
sketches that support immediate comprehension or logical reasoning. Simply put, more often than

not, people reason by analogy with familiar situations rather than by abstract logical rules.

One approach-is to create a formal scientific model as a-template for phenomena, and use it to
evaluate the assumptions and conclusions reached by individuals (Morgan et al., 2002). Another
approach is to try to understand how individuals think about particUIar phenomena. The latter
approach was adopted for this study |

A comprehensive survey of the literature was conduCt’ed in an effort to learn-more about how
experts think about ecosystem risk. The goal of the review was to identify different mental models
of ecosystem risk and to develop a framework for comparing them. The review identified three

mental models of ecoéystem risk, carrying capacity, biological integrity, and ecosystem health.
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7.1 Carrying Capacity

" The carrying capacity of the ecosystem is_the population of a given species that can be supported
indefinitely in a given habitat without permanently damaging the ecosystem upon which it depends
(Rees, 1995, Postel, 1994). Others have described the carrying capacity of the environment as the
final limiting and sustaining abundance (Botkin, 1990). The policy focus of this mental modei of
ecosystem risk is the reduction of pollution and waste. Limits to growth (Meadows et al., 1972) or
the ecological footpnnt (Wackernagel & Rees, 1996) are the predominant metaphors used to
describe this mental model of risk. Human population growth and consumption are cIaimed tobe

the driving forces of ecologrcal change

The major assessment concerns of this mental model are the loss of resource productivity or
buffering capacity (sink functions) of the environment. Decision-makers rely on expert input to
estimate maximum sustained yields or threshold limit values of ecosystems. Supporters of this

mental model believe there are limited sets of choices that will maximize output or minimise risk.

From a functional or energetic pe_rspective (Barrett & Odum, 2000), carrying capacity is reached

~ when respiration on average does not exceed production (P/R is approximately 1). The_rtotion of
limits is fundamental to the concept of carrying capacity. Carrying capacity has been used in a
‘variety of contexts where.it has acquired different meanings. It has been defined in terms of limits
to population growth, the sustained yield of renewable natural resources, and threshold limit values
or critical deposition ioadings for pollutants. |

Carrying capacity is commonly used to describe the maximum populatiori that an area can support
year atter year, without damage to the envrronment (Hardin, 1986), or without reducrng the

capacrty of the area to support the same species in the future (Daily & Ehrlich, 1992). Even when
carrying capacity is used this way, ecologists often do not agree on its meaning. Leopold (1933),
for example, described-carrying capacity as a characteristic of habitat whereas Odum (1953)
equated carrying capacity with the parameter K in a logistic population growth curve - the upper
bound beyond which no major population increase could occur.
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The more useful sense of the term is a limit set to population size by the ava'ilability of resources
(Pulliam & Haddad, 1994). When carrying capacity is used this way it can be measured
independently_of population size. Carrying capacity may be above or below the predation stable
'point and/or the threshold for disease transmission. Predation often keeps many prey populations
from becoming so abundant that the prey over-consumes its own resources.” The spread of
disease and pathogens will also be constraine_d when there is limited contact among various
population members. Behavioural factors such as dominance and territoriality also appear to be

s_ignificant factors in the regulation of many populations.

: Carrying capacity is also used to describe the threshold level of eXposure to pollutants below which
thére is unlikely to be serious health damage inflicted on ény member of a population or there are »
' Unlikely to be serious long lasting ecélogical effects. This approach has defined regulatory science
for over half a century (e.g. Envir‘onménthanada, 1996). Itis based on a series of fictions (i.e.
conventions of dubious validity.)

First, these levels of exposure have been set based on acute short-term exposure to lethal
dosages of a single polluiant.' The more typical exposure scenario is long run chronic exposure to "
low. doses of multiple pollutants. Damage doeé occur at lower levels of exposure, especially to
sensitive members of the population (e.g., children, the aged and chronically ill are more sensitive
to air pollution). The Canadian critical deposition loading for acid rain, for example, was set to
protect the most sensitive commercially valuable species of fish but not the food chain on which

- these fish depend.

Second, threshold levels of exposure are in fact averages that typically do not target the most
sensitive ecosystems, life stages, and seasons where the greatest amount of damage is done..

Third, there may be no threshold level of exposure for many pollutants: one eXposure may be

sufficient to do irreparable harm or some damage will occur at any level of exposure.

Finally, control targets such as threshold exposure le\}els, critical deposition loadings and ambient

' airvquality objectives are often negotiated compromises. For example, the Canadian control target
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for smog is set at twice the level of e'xposureA where recognised health effects occur, and the

- American control target is set at three times the level of exposure where health effects occur.
Another way in which carrying capacity is used is to describe the loss of an ecosystem’s |
productivity (source functions) and buffering capacity (sink functions). For example, Rees (1994a)
defines carrying capacity' as the maximtim rate of resource harvesting and waste generation that
can be sustained indefinitely without progressively impairing the product‘ivity and ftrnctional integrity
of ecosystems. Elsewhere Rees (1992) has stated that carrying capacity is equivalent to Hicks’
sustainable incdme - the level of consumption that can be maintained from one period to an‘other
without reducing productive wealth (Hicks' 1945). Barrett and Odurn (2000) also think that the

' carryrng capacity is equivalent to an optimal economrc welfare threshold, because it is the pornt at

which i mcreasrng return to scale switches to.decreasing returns to scale.

Human carrying capacity is the maximum population, equipped With a particUIar technology and form
of organization, which can be supported indefinitely by a given environment (Catton, 1997/98; Ehrlich
& Ehrlich, 1990; Duncan, 1961). Social carrying capacity is always less than biophysical carrying
capacity, which pressed to the extreme, would imply an undesirable factory farm style of existence |
- (Daily & Ehrlich, 1996). For other species, individual variation in resource demand is minimal so that
population size alone provrdes a reasonable indication of typical environmental |mpacts Per capita |
‘human demand can vary from one culture to another and from one social class to another by as
mUch as a hundred to one. Resouree exp'loitation and consumption have leaped ahead of population
growth as the industrial mode of development has been adopted around the world (Ehrlich & Ehrlich,
2002). The effective balance between population and resources rarely lasts for very long for any
culture or in nature. It is possible for any population to overshoot the carrying capacity of its habitat
for a short while by consuming the resource base itself (Catton, 1982). Cultures have died off in the
past (Wright, 2005; Diamond, 2004; Pdnting,» 1991). Industrial technology and modern organization
have helped humans to occupy so many ecological niches that global carrying capacity may now be
threatened. The spatial and temporal scale of human disruption of ecosystems may no longer be |
compatible with evolutionary change (Barrett & Odum, 2000). |
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Ecological footprint analysis inverts the car'rying-capacity ratio. Instead of asking how many people
a particular area might support, it asks what area is required to support a particular population

* (Rees, 2003). A population’s ecological footprint is the are_a required to produce the resources that
it consumes and to assimilate its waste. It is the area of land and water required-to support a
society or economy at a specified standard of living (Wackernagel and Rees, 1996). Ecological
footprints do not overlap. The carrying capacity appropriated by one economy is not available to
another. Area communicates the finite character of the wofId in readily understandable terms, and
is roughly proportional to its photosynt_hetic potential fcr low entropy biomass production. Area-
based environmental quality indices could also be used to characterize the productive capacity of
ecosystems The ecological footprint is a simple benchmark that can be used to compare human
consumption with nature’s limited supply to help focus pubhc attention on the challenge of

' sustamablhty (Wackernagel et al., 1997).

For example, Rees (2003) estimates that the world’s average human eco-footprint is about 2.3 ha,
even though there is only 1.9 ha of productive land and water per person on Earth. Humans are
compromising the welfare of future generations. He says the eco-footprint challenge for both the
natural and social sciences in the twenty-first century is to engineer the means by which human
bei'ngs can live peaceful, comfortable and satis'fying lives on the biological life-support provided by
less than two hectares per capita (1.3 ha by 2050), while taking into account the needs of other |

species. The alternative is resource wars and a descent into geopolitical chaos.
+ 7.1.1 The Limits to Growth

Throughout the post war era, environmental choice has been defined primarily in terms of the
assimilative or carrying capacity of the environment. Those who are concerned about the effects of
.harvestin_g and use want to maintain ecosystems as source of the energy, food, fibre and other
commodities that humans need to survive. They want to ensure that human resource consumption
does not exceed rates of natural renewal or technological substitution. Those who are concerned
about pollution want to prevent the trahsmission of disease or to maintain the ecosystem’s cepacity
as a sink for human waste. Wise use of nature is often seen as multiple use or multipurpose use

-that usually involves a succession of compromises allowing new and more intensive uses through -
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time that shift ecosystems away from their original state. The notion that experts can determine
- the capacity of the environment to proVide what we need and to absorb our wastes remains the
dominant perspective of regulatory science-and public policy (e.g. allowable catches, threshold limit

‘values).

In 1969 Eugene Odum wrote that succession is an'orderly process of community development that
is reasonably drrectlonal and therefore predictable and that the process of succession will
culmrnate ina stable ecosystem. Botkin (1990) argues that both those for and those agalnst
economic growth share this worldview or belief. One side tries to exp_lort this capacity and engmeer
solutions to common environmental problems, while the other emphasizes the benefits of doing

- nothing at all, assuming nature knows best. Our beliefs are out of step with current knowledge of
the biosphere and are an impediment to progress on environmental issues, blinding us to the
possibility of constructive change. Botkin (1990) wrote that: |

Nature undisturbed by human influence seems more like a symphony whose

harmonies arise from variation and change over every interval of time (p. 62) ...

ecological succession is nature’s melody played against the changing chords of

storms, fires and short-term climatic changes, all of which are heard against the

ponderous themes of glaciation and soil change. Nature’s melody, however, does

not result in one final chord that will sound forever. (p 116)
Until the 19705 ecologlsts relied on two working hypotheses about population growth: the logistic
curve, and the Loka-Volterra  equations (Botkin 1990). Although populations have a capacity for
exponential growth, eco|ogiSts believed that they would grow along an S-shaped curve, called a
logistic curve, until they reached the ecosystem’s carrying capacity. The sustained yield, the point
of maximum growth, is half as large as the carrying capacity, so in theory, any growth above that
level could be harvested. The Loka-Volterra equations described the relationship between
predator and prey. Predator and prey populations were thought to oscillate, dampening to constant

abundance.

These working hypotheses have been conclusively falsified. David La'ck'(1954), for example,
found that variations in population size are the rule, and that animal populations do not reach a
stable equilibrium. Moreover, the Loka-Volterra equations were long ago conclus'ively falsified in
lab experiments (Gause, 1934). Nonetheless, these notions persist as common beliefs or _
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assumptions even foday. As well, thereis a ten_dehcy to assume that ecological change will be
smooth and continuous, allowing plenty of time for human adaptation, énd that human loadings
may be approaching but have not yet reached carrying capacity (Catton, 1994), even though there
is considerable evidence of overshoot.

Experience has shown that management polic'ies‘and practices that apply fixed ruIesvf_or achieving
constant yields (e.g., constant carrying capacity) in_dependent of scale have created ecosystems
‘that gradually have lost their resilience over time and broken down in the face of disturbances that
could have previously been absorbed (Holling, 1986). Resource management premised on |
~ maximum sustained yield has also failed repeatedly because it created a ratchet effect by which |
préssures on the resource have actually increased. }Large levels of natural variability often mask v
the effects of over exploitation until it is severe and often not reversible. Optimum levels of
' 'exploitation must be learned by trial and error. Ecosystems are movihg targets with multiple
potential futures that are uncertain and unpredictable. Therefore management has to be fiexible,
adaptive, and experimehtal at scales compatible with the scales of critical eeosystem functions
(Walters, 1986). Experience has shown that short-term actions that are reversible and robust to
unicertainty should also be favoured (Ludwig et. al., 1993; Holling, 1978).

7.1.2 Resilience

The Resilience Alliance (http://www.resalliance.org/) is a multidisciplinary research group that is

exploring the dynamics of complex adaptive systems in an effort to discover the foundations for

- sustainability.

Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance without collapsing into

' 'a_qua'|itat‘ive|y different state that is controlled by a different set of processes (Carpenter et al.,
2001; Holling, 1973). The traditional view of resilience reinforces the dangerous myth that the
variability of natural systems can be controlled with predictable consequences and that sustained
production is an attainable goal. “Unlike the traditional view of resilience, this definition emphasizes

~conditions, far from any steady state, where a system} can suddenly flip into another behavioural

: regime. Clear lakes can suddenly turn into turbid anoxic pools, grasslands into shrub deserts, and
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forests into grasslands. Broecker’s (1999; 1997) work on glebal ocean circulation, for example,
has demonstrated the vulnerability of the Gulf Stream to climate change.

Resilience can be enhanced threugh adaptive resource management policies. the less resilient
the system, the more vulnerable it is to change. Managing for resilience is not only a question of
maintaining options for development, now and in the future, but also a qnestion of developing the
institutional capacity to cope with environmental .change Adaptive management is a tooI tolearn
about natural systems rather than to control them. It calls for us to use the best available | _
mformatlon to generate risk averse management strategies, which can be modmed as new
information becomes available (Walters, 1986; Holling, 1978). Resilience can also be enhanced by
the conservation of biodiversity, because it provides functional redundancy, and high response - |
divereity. Resilience analysis identifies two important sets of information: crucial (slow) driving
variables that exhibit threshold effects, and the processes that determine how these variables
change. This set of drivers and their determinants may suggest a corresponding set of policies
and management actions that will promote resilienc_e, and adaptability.

- Just as the Cheshire-Cat's smile survived his demise, resilience perpetuates the notion-of the
balance of nature and the conviction that ecosystems are self-organizing and will UItimater
regenerate themeelves, although in a different form. Whether an ecosystem is showing resilience
by not} changing or fragility by changing depend entirely on the observer and assessment criteria
that are used.

7.1.3 Limitless Grrowth

Increasmg resource scarcity generates price signals in-a market economy, which provide
|ncent|ves for mcreased resource exploration, efficiency, recycling and substitution. However,
market prices fail to provide real measures of scarc:ty (resource depletion or thresholds below
which stocks cannot renew or repleni'sh'themselves) or their functional role in maintaining critical

life-support systems and the risks associated with their loss (Wackernagel & Rees, 1996; Pearce,
1988: Rees, 1994a). "




Economic growth refers to an increase in value, not volume. Sagoff (1995) suggests that we 'need
to examine well-defined problems rather than simply the issue of size or scale. Some forms of
throughput are worse than others. Where we can minimise the environmental risks associated with
human economic activity, whether or not an activity is énvironmentally sustainable is largely
indeterminate or may bé unknowable. We (_:an minimise energy and material through puts. We
can reduce and often contain waste 'dischargés. We can substitute pIentifuI'for scarce resources
and harmless substances for toxic inputs. We cah_ extend the useful Iife of products. We can
postpone the inevitable, but we have no assurance that our lifestyle and consumption will be
sustainable within a time frame that m.atters. '

7.2 Biological Integrity

: ‘Angermeir and Karr (1994) define biological integrity as an ecosystem’s 'capacity to sustain the native
biological communities that have adapted to a region through natural evolutionary processes. This
definition of biological integrity of ecosystems rests on arguments that other naturally evolved -
systems in the region can be used as benchmarks to distinguish stress-induced changes from natural
fluctuations (CCME, 1996). This second mental model focuses on the widespread loss of
biodiversity (genetic, species and habitat). Advocates e‘mplioy wilderness preservation or species
rights metaphors to describe their point of view. The dominant metaphor of integrity or wholene.ss’ is
drawn from images of pristine wilderness or nature largely undisturbed by humans.

They distinguish biological integrity from biol‘ogical di\)_ersity in several ways. Integrity focuses on

~ whole Iandscapes rather than particular species or pdpulationsQ AIthngh in’troducing species into

vacant or unexploited niches of an ecosystem may enhance biodiversity, it would violate the

ecosyétemis integrity. Integrity refers to thé-loss of native biological components and the breakdown

- of ecological processes that generate future diversity, whereas diversity only refers o changes in an
ebosystem’s composition. Consequently some authors prefer to use the terrﬁ ecological integrity
(Woodley, Kay, & Francis, 1993). In this study, the terms are used interchangeably.

Loss of habitat and the contamination or collapse of food webs is thought to be among the leading
~causes of species loss. The capacity of ecosystems to support self-regenerating population levels

flows from main‘taining naturally functioning ecological processes (e.g. energy flux, nutrient cycling
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and primary production) that support adequate food webs. (See CCME, 1996) Suitable abiotic
(e.g. sail, micro climatic) conditions are also necessary to maintain the biological integrity of
ecosystems (Kimmins, 1993). |

Experts choose natural benchmarks, representative species or typical least impacted areas, t0 -
provide criteria which are used to guide dec_isionv-m'aking. Some allowahce is made for public
education and consultation, in order to promote better stew'ardship of natural resources. Expert
judgement is needed to identify natural benchmarks used to assess human impacts on the’ _
environm'ent. Experts are urged to rely on the weight of evidence father than strict scientific proofs.
Decision-makers are also encouraged to exercise precaution, and to achieve a safe minimum |

standard of protection.

Aesth‘étic qualities such as naturalness, and moral valu’es} such as equity and faimess to future
generations, dominate this perspective. Like Aldo Leopold (1949), supporters of this point of view
believe that a thing is fight when it tends tb preserve the integrity, stability and beauty of the biotic
commuhity and that it is wrong when it tends otherwise. Existencé and option values are also

- important considerations. Economic and human health concerns are often downplayed or
discredited in their crusade to save nature.” Activists are unlikely to make trade-offs. In the spirit of
‘Leopold (1953) they beligve that the first rule of intelligent tinkering is to keep all the parts'(“every
cog and wheel”). - |

-James Karr (1981) first bonceived of an index of biological integrity as a way of addreSsing}th‘e _
shortcomings of regulatory science, which at the time focussed almost exclusively on Chemical |
indicators. He used biological endpoints to describe a gradient of ecological conditions (Karr &
Yoder, 2004, Chu & Karr, 2001). When prdperly defined, he felt that biological integrity could be
used as a benchmark against which other sites could be ev_a|uated (Ka‘rr,’2003). He also thought
thét the concept could be used to help clarify human relationships with their surroundings (Karr, |
2000). Biological mtegnty refers to the condltlon of places at one end of a continuum of human
influence that still have the capacity to sustain the full range of organisms and processes that have
evolved in the region. When acceptable value-based land-uses are no longer sustainable’ a

threshold is crossed where the system becomes unhealthy and unsustainable.
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The frame of reference for biological integrity is derived from experts’ judgments about the
characteristics of natural, pristing or unimpaired ecosysterhs (CCME, 1996). The preference for

natural over eirtificially cultured features is based on the belief that the valued attributes of
ecosystems derive from natural evolution, and cannot be manufactured or replaced by technology
(Angermeir, 2000). Benchmarks for assessing naturalness ideally reflect conditions free of human
influence (Anderson, 1991). The typical refere‘nce‘period chosen for the western hemisphere often |
predates European settlement (Mosquin, 2000). | '

Our notions of nature are culturally laden metaphors that we derive from society (Williams, 1980;‘
Colhngwood 1945). Given our limited knowledge of many ecosystems and extensive human

* presence and disruption of ecosystems around the world, defining what is natural may no Ionger be
feasible. However, the concept of a natural or acceptable range of variation has proven to be a
useful construct for setting benchmarks for conservation efforts (Landres, Morgan, and Swanson,
1999; Swetnam, Allen, & Betancourt, 1999). While the chosen range of variatioh most likely does
not replicate pre-human conditions, it is chosen in the expectation that it will ensure the long-term

per5|stence of the conserva’uon target.

In sum, ecological integrity encompasses biotic composition (measured in terms of an inventory of
items) and ecological processes (measured as rates of change) over multiple levels of biological
organisation. It is assessed in comparison with naturally evolved conditions in a region (Angermeir
& Karr, 1994).. For example, ecological integrity can be measured in comparison to the historic
variety and numbers of native species (Calrlicott, Crowder, & Mumford, 1998) and by how well
habitats maintain their ecological processes following natural disturbances (Covich etal.,, 1995). An
ecosystem with integrity can adjust to natural disturbances without human intervention (Karr, 1990).
‘Conservation of ecological integrity includes represe‘ntation of ecosystems across natural ranges of
variation; protection of total native diversity (species, populations), and the eCoIogicaI patterns and

. processes that maintain that diversity; maintenance of natural disturbance regimes; conservation of
viable pepulations of native species, ahd reintroduction of native, extirpated species (Grumbine,
1994).
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Two features distinguish ecosy’stem'integrity' (Callicott, 19953). .Integrity focuses on the community

level of organization. The concept is more likely to be'applied to natural areas-where human
influences are minimal or have been excluded. As the Parks Panel expressed the Concept in plain
language:

Ecosystems have integrity when they have their native components (plants and
~ animals and other organisms) and processes (such as growth-and reproduction)
- still intact. The goal of conserving ecological integrity is best addressed by _
maintaining or restoring the diversity of genes, species, and communities native to .
the region. It is a simple strategy consistent with the vision of integrity, which is
wholeness. If parts are missing, the ecosystem is not whole. This definition also
justifies active management. It does not mean managing for a steady state or
trying to turn back the clock. By managing for historic ranges of variation,
processes that may take the ecosystem into the future will also be conserved. It
also implies thresholds below which some kinds of human: use are compatible and
appropriate, and above which conservation agencies could just say “no.”
(Parks_ Panel Vol 11, 2000 p. 1-15)
Censerving biodiversity, even in protected areas is going to be an intractable policy problem. The
causes of genetic, species and ecosystem loss are extremely diffuse. The root causes are
population growth and consumption and the scale of industrial production and monoculture. The
~ proximate causes are habitat loss and fragmentation, ov_erexpioﬂahon, introduction of exotic
species and diseases, pollution and climate change (Soulé, 1991). The thresholds at which
ecological processes begin to break down and the magnitude of the downward spiral are unknown.
These losses may not be reversible. We-cannot be sure whether or not our actions will make a
difference.” The benefits of our actions may not be apparent for generations, if noi-centuries. Most
of all, there is a lack of consensus about goals, priorities, and the means by which we can

conserve biodiversity.
7.2.1 Conservation at the Crossroads

The fight to preserve the last remaining wild places on Earth has engaged the attention and efforts
of many parties, yet our thinking is hot all that new. Simply setting aside more protected areas orv'
trying to save species-at-risk may not be enough. Protecting the ecological integrity of Canada’s

ecosystems poses new challenges for policy and decision-making.
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At the dawn of the twentieth century the North American frontier was fast disappearing under the
axe and the plough, and successive waves of human migration and settiement. When Theodore
Roosevelt bécame President of the United States in 1901 on the assassination of President

‘McKinley, he made resource conservation the comerstone of his domestic policy.

The battle lines were drawn between Gifford Pinc_hot, the Chairman of the United States
Conservation Commission, an-advocate for wise use, and John Muir, a naturalist and
Qutdoorsman, who was an advocate for preservation. Pinchot (1910) argued from a utilitarian

 scientific perspective in the Fight for Conservation for the sustainable harvesting of natural

resources (“conservation means the greatest good to the greate’st’,number for the longest period of
tifne” p. 48). He also recognised the obligation of the present generation “to use what we need S0
- that our 'des,cendaht's are not deprived of what they need” (p.80). John Muir, on the other hand,
argued for the preservation of wilderness as a place of beauty, quiet contemplation, and sp'iritual‘

renewal. In 1911 John Muir wrote in My First Summer in the Sierra, a reflective memoir embodying

his vision of the beauty and intégriiy of nature, that “when we try to pick out anything by itself, we
find it hitched to everything else in the universe” (p.211). Even today, those who work to protect
the ecological or biological integrity of natural areas share the wilderness perspective of Muir rather

than the resource management perspective of 'Pinchot.

Canadian participation in Roosevelt's North American Conservation Conference led directly to the
creation of the Canadian Commission of Conservation (1909) by Sir Wilfrid Laurier. By the time
the Commission ended its work in 1921, it laid the foundation for twentieth century conservation,
urban and regional plann‘ing in Canada. It was the first body (1915) to propose the principle that
“gach generation is entitled to the interest on our natUraI capital but the principal should be handed
on unimpaired to future generations.” | |

The most noteworthy legacy of the Conservation Commission was its lasting influence on wildlife
_conservation. At the time, most migratory birds, large game animals and fur-bearing animals were
on the vérge of extinction. The Commission succeeded in getting the commercial sale of game
banned. The approach to wildlife conservation which Charles Gordon Hewitt (1921) outlined then, |
is still followed today:
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A species of animal must not be destroyed at a rate greater than it can increase. Further .
preservation of any part of our native fauna depends upon the maintenance of sufficient of
its normal range to permit unmolested feeding and breeding. In other words killing for
recreation or food must be wisely regulated, and the provision of refuges is indispensable
(Hewitt 1921, p. 19). ' :

.0t such protective measures, by far the most important is the establishment of wildlife |
preserves, refuges or sanctuaries in which native mammals and birds are protected.
Such wildlife reserves should include a sufficient area to provide ample summer and
~ winter range for wildlife they intend to protect. They should be as a rule unsuitable for
agricultural development. Nor should they include mining or other commercial properties
that are likely to interfere with their purpose. So far as possible the boundaries of such
reserves should be well defined, and the necessary steps should be taken within the
reserve areas for the required protection to the wildlife they contain, and all protective
measures should be rigidly enforced
: : (Hewitt 1921, p. 235).
Unlike modern approaches to conservation, which concentrate on human threats to wildlife, Hewitt
(1921) thought that “any rational system of wildlife protection must take into account the control of
predatory species of mammals and birds - wolves, eagles, falcons and hawks, and inferior rapaces

such as loons and kingfishers that feed on fish” (p.193).

* The Canadian Commission of Conservation also helped cre_até the Dominion Parks Branch in
1911. Within pa'r.ks and other reserves, it promoted practices such as fire suppression, fhe

“extermination of predators such as wolves, and the introdubtion of sports fish (put and-take
fisheries) for the pleasure of tourists. The 'Commission also helped establish the network of wildlife
sanctuaries, forest reserves, and experimental farms that exists today.

The 1930s Parks Act subsequently 'dédicated National Parks for the benefit, educatioh, and
enjoyment of the people of Canada and provided that such parks shall be maintained and made
use of so as to leave _them unimpaired for future generations. It reinforced the notion of parks as
game sanctuaries and recreational playgrounds. National Parks were promoted as world-class
tourism destinations. .~ | |

In the postwar years public visitation grew steadily, and from 1968 to 1978, ten new national parks
had to be created to satisfy the growing demand for outdoor re_creation. Tourism and outdoor

recreation were promoted as a compatible uses of national parks. During this period of expansion,
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Parks Canada develbped an extensive network of roads and visitor facilities whose existence may
not be compatible with the goal of protecting the ecological integrity of national pérks.

Public concer has alsoledtoa profound change in the policies and approaches governing protected
natural areas. The 1988 amendments 1o the Parks Act (the first since the 1930's) formalised the
requirement to protect ecological integrity in p‘ark‘zoning and visitor use management. Ecological
integrity was defined as minimising human imp'act Qn the natural procésses of ecological change.
Parks Canada was also required to report periodically on the state of the parks. Similar measures to
 examine and foster the integrity of Migratory Bird Sanctuaries, National Wildlife Areas, and other
wildlife areas have not yet been taken. ' |

The first State of the Parks Report (Parks Canada, 1997) showed t_hét Canadian national.parks aré
' 'undergoing profound change. The authors attributed changes in species composition withi'n
established parks to their proximity to settled areas, accessibility by road, wilderness }
fragmentation, overuse, fire suppression, invasion by exotic species, and pollution. Even though -
attention is currently focussed on completing a national system of protected areas by acquiring
remote wilderess areas, and by establishihg marine refuges, the real challenge Canadians now

face is conserving the ecological integrity of protected areas in more settled regions.

Existing parks and protected areas are a reflection of their history and in some ways a prisoner of -
their past. They have been created through an opportunistic process, reflecting the whims and
tastes of the time. Outstanding areas of scenic beauty, for example, do not necessarily include

-~ within their boundaries the habitat necessary to sustain the native species typical of the area, nor

do they exclude harmful influences threatening the existence of these species.

Parks and protected areas have undergone major changes over many years because of the
elimination of previous humén uses, the incursions of tourists, and the eﬁecté of the policies and

~ practices associated with the planning and management of the protected areas themselves.
Conservation and protection are not the sole objectives of national parks, and certainly not of many
provincia! and regi}onal parks or of wildlife or biosphere reserve areas.
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Dealing with a plurality of values, interests and expertise is inevitable in planning and managing

- protected areas. For example:

What does it mean to protect and maintain biodiversity in parks and protected areas?
Does it mean following the wilderness philosophy in which a park landscapes or’
ecosystem is largely left alone to evolve in a natural manner, largely devoid of human
influence? Does it mean removing people without assessing the effects of their activities
on the biophysical characteristics of the area? Or does it mean more active management
or intervention through controlled burning, culling of animals or other programs intended
to protect and enhance biodiversity and other objectives? If it means the latter, how will
biodiversity be defined, and by whom? And what is to be done, if the various definitions
that are offered prove to be incompatible?

‘ (Nelson & Serafin, 1992 p. 216)

lromcaIIy, those holding the most extreme posmons in conservation and economic development
share a worldview (Botkin, 1990). From the engineering perspective the tractability of nature

should be exploited and from the preservationist perspective nature should be left alone. Following ,
in the footsteps of people like Pinchot and Muir, (Norton, 1995b), it is increaSineg difficult to find
common ground between advocates of wise use, and those who would lock up nature and exclude
humans. The view of -national parks and related reserves as fortresses that can fence-off natural
areas and wall-out unwant_ed‘changes i being challenged by the call for a coordinated or

" integrated set of,public and private conseryation programs (Nelson, 1991). Moreover, fhere has
been a growing recognition that the ecological integrity of protected areas cannot be rhaintained in
‘isolation from regional planning and decision-making processes (CCEA, 1991). The ideal of

natural parké as pristine benchmarks in a changing world may be an unattainable dream.
7.2.2 The Path Forward

What is the best conservation strategy to pursue in the circumstances? Some place-based
suggestions include: |

« Specialized niches of endemic species

« Hotspotswith rich biological inventories of species

. Habitats' of keystone or umbrella species

o Ecosystems-at-risk .
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Endemic species are rare because they have a Iow adult survival rate and limited range or
specialized niche. Although endemic species are more vulnerable to extinction (Pimm, 1997), the
strategy of tryi_ng to save endemic taxa is like saving |iving foss_i'ls, scientific curiosities unlikely to help
protect the evolutionary processes or environmental systems that will generate future biodiversity
(Erwin, 1991).
Loss of the largest, most abundant, or fastest groWi‘ng speéies is Iikely‘ to have a bigger impact than
IQSS of rare or e_ndangered species. Remove those sbecies that are hogging the resources, and
other species may increase their resoUrce use, minimizing the net'functional impact of the species
loss (Baskin, 1994). | |

~ Another approach has been to try to save the hotspots, areas rich in species. These systems havé

" been thought to be resilient to change, and have often been managed for relatively stable étatesA
(Poiani et al., 2000; Chapin, Sala, & Burke, 1998). However, many systems need periods of
instability in order to maintain natural biodiversity (Lemons, 1995). Areas rich in species may not

provide adequate habitats for Iarger vertebrates and some long-lived plant species (Lemons, 1995).

It is also widely believed that by protecting the habitat of the largest, longest-living or dominant
species, other species will be.p'rotected (Lister & Kay, 2000). For example, an area designed to
protect large carnivores, with large and diverse habitat requirements, may also maintain prey -
populations, small carnivores, and the majority of native plants and animals. However, populations
of different species fluctuate in corﬁplicated ways. In shifting the focus of conservation efforts from
single species to guilds or keystone specievs, we still cannot be sure that all the needs of the
desired species will be met because the hébitat requ.ire'ments of different species‘rarely coincide.
As well, the minimum viable population'size'needed for different species to survive natural

' .stochasti‘c and human-induced events varies considérably. Some would argue that it would be a
serious mistake to conserve only the species we perceive to be critical because we are ignorant of
the role or existence of most species, while others would argue that many species are more or less
redundaht (Simberloff, 1998). | |
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Conserving biodiversity at the ecosystem level means setting whole landscapes and seascapes

- aside, and protécting their physical structure and their characteristic energy_ﬂow and nutrient _
cycling patterns (Lemons, 1995). With the exception of naturally species-poor environments such
‘as boreal forests, where species loss could erase entire functional groups, the_diVersity of
landscapes is more likely to be damagéd by land use conversion than the extinction of species
(Baskin, 1994). If an ecosystem is protected adeqUater then the assumption is that all of its
resident species will also be protected. Thereforé the best way to minimise species loss fnay beto
maintain an ecdsystem"s functioning (Walker 1995). Soulé (1996) argues that what's wrong with
maintainihg or restoring ecological processes is that they are'generic and can be performed by |
“weedy” species. An ecosystem-based strategy may also not be precise endugh' to ensure the
sufvival of endemic species. However, this strategy avoids the destruction of biological assets

whose value may not yet be fully understood but which some day may be appreciated.

It has also become a widely held tenet of conservation that biodiversity is crucial to the maintenance
of earth’s “life-support systems” and a hedge against catastrophe: as we lose species, we also alter
the integrity.of processes that maintain soil fertility and water quality, provide natural checks on pesf ’
- outbreaks, convert carbon dioxide into plant tissue, and support the complex food webs upon which
we and other creatures depend (Baskin, 1994). The specieé that have the biggest impact‘on function
are likely to be thé ones t_hat change the amount of water or nutrients available to a comm‘unity or the

frequency of fire, disease or other major disturbances.

The redundancy hypothesis suggests that the highest conservation priority be given to funétidnal
groups df species where there is little or no redundancy, because redundancy is thought to |
contribute to an ecosystem’s resilience to change (Ehrlich & Walker, 1998; Walker, 1995; 1992).
Risser (1995) also argues that changes at régional spatial scales from a hundred m'etres:to a
hundred kilometres, and at time séales of years to decades, are most likely to drive the relationship -
bétween biodiversity and ecosystem function. G'ol_d_s'tein (1999) criticizes this conservation strategy
for its failure to provide a consistent criterion for identifying important ecosystem functiohs or
processes, and its failure to link them to the life 'history requirements of species. .
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A diversity of points of view and controversy characterize ecosystem management, not so much
because of the principles upon which it is based, as the state of science and supporting activities,
such as .vmohitoring, research and analysis. Some scientiéts are preoccupied with the distribution
and abundance of species. They Iook_at ecosystems as patch works of living biological
communities. Others focus on the ecological processes, structures and components that are
necessary to sustain life.. They look at ecosysiems from a broader landscape and seascape
perspec'tive_. Underlying these differences in pdinis of view is the cIairﬁ by some that evolution and
natural selection operates exclusively at the level of the individual organism (Williams, 1966) and
therefore conservation plans should be tailored to the life history réquirements of speciés
(Goldstein, 1999). . '

7.2.3 Building a New Consensus’

- There is no consensus among scientists about the desired or preferred conditions they are trying to
achieve for the world’s ebosystémé (Lackey, 1997). For example, scientists realise the value of -
protecting all levels of biodiversity but their goal is still not clear: protecting a representative sample -
of communities; the most diverse communities of speCie_s; or the rarést (Reid, 1999). Ecological |
intégrity must be operationally‘ defined before We can assess alternative conservation strategies or

learn from future conservation efforts.

Many of our assumptions about environmental change need to be reconsidered. In any ecosystem
multiple agents (e.g. pollution, human harvesting, habitat loss, ahd invasive species) are at work

- contributing to the loss of‘biodiversity. If we believe the crisis rhetoric, efforts to set aside more
areas for nature, and to protect species-at-risk, will bé overwhelmed by human settiement, energy
and resource demands, and pollution. Like economic analysis, which treats the environment as an
éxternality, ecology often treats humankind as an exfernality, even though humans have become a
keystone species in practically every ecosystem (O’'Neill, 2000). We ignore the contribution of

-humans to global change at our peril.




In today’s global economy, natural systems are under assault and are breaking down. Moreover, if-
- anything remotely resembling the sustainable development scenarios enviéi_oned by Brundtland
Commission (WCED, 1987) were realised, most of the world's biodiversity seems destined to
disappear (Ehrlich & Wilson, 1991). The Biosphere 2 mission, a $2 million exp_enment which
attempted to design, construct and operate a.3.15 acre artificially enclosed ecosystem,
demonstrated that it was well nigh impossible for us to supply the needs of eight people for an
extended period of time using technological means (Daily et al., 1997). |

By definition any system has integrity (Kimmins, 1997). Ecological integrity is nature’s way of
allowing a variety of living things to survive and evolve in different places. The strength of
interactions within an ecosystem must differ by orders of magnitude from interactions with the rest

of the biosphere for the system to be able to shelter and nurture biodiversity (O'Neill, 2000).
Attempts to manege ecological variables that normally fluctuate has led to the creation of spatially
homogeneous ecosystems over landscape scales that are more‘likely‘ to suffer catastrophic declines,
brought on-by disturbances that could previously be abscrbed (Walters, 1986; Holling, 1978).
Ecosystems can exist in any of a variety of conditions called seral stages. Natural processes or

disturbances may bring about' a transition from one seral stage to another (Kimmins, 1997).

A new conservation policy is needed for the 21t Century. Current envifonmental policy is based
on the notion that it is feasible to trade off an ecosystem’s productivity against its diversity or
capacity to buffer the harmful effects of change. If the vision of maintaining and restoring the
ecolcgical integrity of protected areas is going to be realised, thinking" and acting in terms of

ecosystems will have to become a more broadly accepted intellectual perspective in conservation. -

A conservation agenda for the new century would have at least four fundamental_cbjectives:

» . Representing the natural range of variation in ecosystems and seral stages of community
succession in a system of protected areas
¢ Sustaining viable populations of native species in natural patterns of abundance and dlstnbutlon
e Maintaining ecological processes such as natural disturbance regimes, hydrological processes
nutrient cycles, and biotic interactions
o Managing landscape changes in a way that retains critical habitat characteristics
(Noss & Cooperrider, 1994)
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This agenda unites the competing perspectives of different disciplines. For example, conservation
biologists are more likely to focus on species survival, including gene pbol and related habitat
considerations. Landscape ecologists, on the other hand,‘ would focus on mapping large Iandscape
units, underst'anding their processes, and managing the stresses that affect them. This agenda also
recognises the imp'ortahce of biotic and abiQtic factors. It incorporates all levels of biological
organisation,‘ implicitly recognisin'g that many iésues may have to be dealt with within different
 temporal and spatial frameworks (Norton and Ulanowicz, 1992; O'Neill et al., 1986).

We cannot turn back the clock nor cah we predict the future. Theré are no longer any écosystems

.~ that are unaffected by human activities (O'Neill, 2000). We suffer from what Reichman and Pulliam
(1'996) have called the last pioneer syndrome. Eéchv genération'accepts the world as it was when
they arrived including the built environment, but is intolerant of any s'ubstantial changes during its life
' ‘span. Returning regional ecosystems to pre-settiement conditions is not a realistic goal. Nor is it
realistic to expect that we will be able to reduce human population growth and consumption to the
levels that existed prior to the agricultural revolution. Ultimately the success of our conservation -
efforts will be judged by the continued survival and the adaptation of people and other living things to

environmental change

7.3 Ecosystem Health

Health is a concept that transcends scientific definition (Ehrenfield, 1992). It embodies not only the
absence of disease or injury but also the notion of a State'of complete physical and social well-
being (WHO, 1'948). Ecosystem heélth is a socially détermined or c_:o_nstructed concept (Callicott,
1995a). Qualities judged desirable by society are used to define what is healthy. Ecosystem health
as a goal involves consideration of biophysical constraints and societal preferences that may be

. objectively measured to some degree.

This last mental model is based on a medical or public health metaphor (see Costanza, 1992,
Calow, 1992; Ryder, 1990, Rapport, 1989). It describes diverse attempts to link ecological -
commodities and processes to the health and well being of human populations and the economic
welfare of communities (Déily etal., 1997; CCME, 1996; Costanza, 1992).
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For many people the protection of human health is the most rmportant goal of envrronmental

- management (lJC, 1991). Since the 1970's the protectron of human health has been the
‘predominant concem of environmental policy making. ltis only within the last decade that
agencies such as the US EPA have been told to attach as much importance to reducing ecological
risk as it does to reducing human health risk and that these very close linkages between human--
health and ecological health should be reflected in national environmental policy (U.S.EPA, 1990).
Canadian public agencies have also promoted the idea that our personal health and economic v
well-being depe'nd'on the state of the environment (HC, 1997; HWC, 1992). These actions reflect
the widespread public belief that healthy economies and societies require healthy ecosystems: a
notion that cannot be demonstrated by its proponents or falsified by its critics. '

There is a great d_ifference between public perception of ecosystem health and the use of the term
by most scientists. Scientists tend to look at any ecosystem as healthy or sick depending on how -
close it is to a desired state. ‘Even then scientists accept what they know as the norm and the
baselines chosen by scientists have shifted over the generations (e.g. Pauly 1995). Scientists
believe that the cumulative effects of human actlvity can be diagnosed from the response of valued -
- ecosystem entities, attributes, and relationships to the stresses placed on them. This approach
calls for the identification of risk factors, potential threats from exposure to known stresses.
Stressors may be physical, chemrcal or biological in orrgrn Progress is measured by settrng
targets for action and by using diagnostic indicators to report on the state of the environment.
Supporters of the ecosystem health concept also claim that ecosystems exhibit the signs and
symptoms of a non-specific distress syndrome and respond in a predictable pattern to human
induced stress (Rapport, 1989; Schindler, 1987; Bormann, 1985; Odum, 1985). They have already
begun to build diagnostic tool kits (e.g., Herricks, 1992). '

In contrast to the preceding approaches, the ecosystem health model relies heavily on public input.
Stakeholder and public co-operation are needed to set overall goals, targets and a timetable for
action. In different contexts, cultural, symbolic, and historic values may also be important.' These
goals reflect the interplay of what is possible and desirable. Decision-making is based on |

negotiated compromises involving trade-offs. Multiple criteria are used to evaluate options.
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Ecosystem health is a goal, a sustainable state for ecosystems used by people (Karr, 2003). I‘tv
describes acceptable or preferred states of sites heavily used for huma‘n purposes. Integrity in an
evolutionary sense cannot be a goal in these places. HoWever,_ humans should try to avoid
practices that so damage these places that we cannot continue to use them for their designated
purposes (Chu & Karr; 2001). Karr (2000) thinks that health as a word and a concept in ecology is
useful precisely because it is a ccncept familiar to the public. It is an effortless intuitive step from
health to ecological health. Granted, we must operationally define the ierm and find ways to
measure it. Butasa policy goal, protecting health — whether landscapes, wildlife or children — has
-~ afighting chance of engaging the public. ' | |

Value judgements are implicit in the definition of health at the individual, population or ecosystem
level (Rapport et al;, 2000; Rapport, 1995). Health is a social rather'than a scientific construct
whose defining characteristics evolve with time and circumstance (Rapport et al., 2000).
Conservation programmes often ignore human values and focus on biophysical conditions -
necessary for sustaining wildiife. Seldom is the question raised explicitly: what ought to be .
sustained for what purpose (Rapport et al, 1998)? These are questions of societal values (Norton,
1995a). Societal values provide behavioural norms and help judge the acceptability of
environmental conditions or outcomes. Values also arise in different contexts to describe ethical or
moral principles governing a particular activity (e.g. a-conservation ethic, the precautionary |
principle), or to describe the intrinsic properties cr the socio-economic significance of -
environmental resources. The proponents of ecosystem health would say that the evaluation of
ecosystem or landscape conditions is only meaningful relative to societal values expressing our
aspirations (Rapport, 1995). |

Aldo Leopold profoundly shaped commcnly held ideas about ecosystem health. In his most.
- famous work, The Sand County Almanac (1949), a posthumously published collection of essays,-

ALeopvoId introduced the idea that humans are members of a "biological community” of inter-
dependent parts, and proposed a “land ethic” that enlarged the boundaries of that community to
include soils, waters, plants and animals. His viewpoint stemmed from the insight that people’s

beliefs and perceptions about the land influenced how they treat it and what they expect from it.
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Leopold (1949) deflned ‘health” as the capacrty of the land for self-renewal. He associated land
- health with the stabrllty and continuity of biological communities over long penods of trme

Leopold (1941) also introduced the concept of land “sickrtess” that suggested while land doctoring
is being practised with vigour, the science of land health would be a job for the future. Signs of
land sickness included soil erosion, loss of fertility, 'hydrological abnorma_lities, and the occasional
eruptions of certain species and local extinctions of others, as well as qualitative deterioration in
farm and forest products, the outbreak of disease and pest eprdemlcs and boom-and-bust wrldln‘e
population cycles (Birkett & Rapport 1998) |

Ecosystems provide food, fibre, energy, and the other commodities that humans need for su'rvival;
and rrraintain clean air, pure water, and other vital life support functions (Daily etal, 1997;
Westman, 1977). The state of the ecosystem worries us because it determines the “basket of
benefits” available to satisfy human needs. Ecosystem health is a normative concept, describing
an envelope or range of possible sustainable system conditions that will support life (Rapport etal,
1998 Rapport & Regier, 1995)

When the notion of health is applied to ecosystems, the focus of effort shifts from assessrng how
»they work to assessing their contribution to human goals (Rapport 2002). Indeed health, whether
it is applred to the health of organisms, populatrons, or ecosystems cannot be defined
independently from human goals (Rapport et al., 1998). Ecosystem health broadens the concept

of ecosystems to include humans because they dominate most ecosystems in the world today.

Ecosystem health is a metaphor for the states of the system, which satisfy human wants and needs
(Rapport & Moll, 2000). A metaphor helps defines the type of scientific information _required by
decision makers (Lac'key, 2001). The ecosystem health metaphor suggests that ecologists-can
dtstinguish between healthy and diseased systems, and that maintaining ecosystem health is
possible and as necessary-as maintaining the health of humans or the economy (Ross et al., 1997).
The cumulative eftects of hurnan activities on the attributes of ecosystems can be diagnosed as
response syndromes from stresses placed on them. All practitioners have to dois to diagnose the

: situation'and recommend measures to restore the “health” of degraded ecosystems (Francis, 1994).
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The ecosystem health metaphor is also readily understood and generally embraced by the public.
The term has considerable value as a risk communication tool (CCME, 1996).

7.3.1 The Diagnostic Approach

Ecosystem health calls for criteria that can be .used to judge the capacity of ecosystems and

Iandscapes to supply the goods and services socrety wants (Rapport, 1997). In this context it

means evaluatrng how our land and resource. use decisions affect humans, plants, anrmals and the
natural systems themselves. Consequently decision makers must rely on multiple crrterra rather

than a historical baseline or a single desired state. The goal of the approach is to optimize the array

of goods and services that ecosystems provide, while maintaining or increasing their capacity to ‘
- produce those things in the future (WRI, 2000). As well, the ecosystem approach tries to marntarn

~ future management options to accommodate changes in societal values (Rapport et al., 1998)

Ecosystem health assessments have been based on the ecosystem’s productivity (vigour),
organization, and resilience (Mageau, Costanza, &. Ulanowicz, 1995; Costanza, 1992). Others
describe signs of ecoSystem distress syndrpme (Rapport 1995; Schaeffer et al. 1988; Rapport,
Regier & Hutchinson, 1985; Odum, 1985). A critical indicator of ecosystem health is the capacity
of the system to rebound from disturbances (Rapport & Reg'ier, 1995; Rapport, 1992; Stebbing,
1981). The breakdown of ecosystems under stress can also be linked to declining economic -
opportunity and risks to human health (Rapport, Costanza, & MicMichael, 1998). |

Ecosystem health appears to be the conservation norm for the parts' of the planet where humans
live and work (Costanza, 1995). Ecosystem health is defined by some as the preferred state of
ecosystems modified by human activity, and ecosystem integrity is used to describe the condition -

. ~ of ecosystems largely unaffected by human activity (Karr, 2003; Rapport et aI 1998). However,

others still use the two terms interchangeably.

However, the choice of ecosystem-level indicators depends upon whether health or in’tegrity'is
employed as the assessment concept. Ecosystem health indicators focus on the achievement of

“specific societal goals, while ecological integrity indicators focus on maintaining naturally evolved
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biological components and processes. Ecosystem health pe‘rmits substitutions for natural
components (i-.e. non-native_ and domestic species for'indigenous ones), pr'ovi‘ded that these -
‘substitutions do not significantly reduce the efficiency of processes that sustain the system over
time or diminish the flow of ecosystem services satisfying societal values (Daily et al., 1997). For
example, the massively degraded Grea{ Lakes would have to be managed for ecosystem health.
rather than biological integrity. The health of the_system is defined by t_h.e paremeiers within which

an ecosystem may be used without a major change in ecosystem functioning.

Deciding'yvhat is normal is the central criterion of ecosystem health, as deciding what is natural is |
central for ecological integrity (Callicott, Crowder, & Mumford, 1998). Although ecosystems are
Ioosely organized, they have adapted somewhat to recurring natural disturbanoes such as fire,
roods, and drought. Alteration of the normal disturbance regime (e.qg., reducing or increasing the
frequency and/or intensity of the disturbance) or the introduction'of_ any combination of
physical/thermal biological or chemical stressors, if prolonged or intense, can result in the eventual
breakdown of the functlomng of the ecosystem (Rapport & Regler 1995; Schindler, 1990).
Ecosystems despite their diversity, respond to stress in similar ways (Rapport et al., 1998; Rapport
- Regier, & Hutchinson, 1985). Even if recovery results in a new or altered state of functioning, healthy
regenerating ecosystems are more likely to be resilient when perturbed and to retaln the functlonal
integrity characteristic of mature ecosystems (Rapport et al., 1998; Rapport, 1995a).

Ecosystem health may be assessed by the presence or absence of signs of ecosyStem distress
syndrome (Rapport, 1995a). Ecosystem health can be.operationally defined using_objective
criteria (Mageau, Costanza, & Ulanowicz, 1995). Moreover, it is possible to assess the relative
condition of ecosystems compared to their historic states or to desired objectives using a wide
variety of scientific methods (Rapport, Gaudet & Calow, eds. 1 995). ‘The major human presSures_

of’ stressors that can transform an ecosystem from healthy to pathologioal states include physical

restructuring, over-harvesting, waste disposal, and the introduction of exotic species (Rapport et al;
1998; Rapport, Regier, & Hutchinson, 1985; Rapport & Friend, 1979). -




Signs of an ecosystem-level distress syndrome include changes in nutrient cycling, productivity,

ihe size and longevity of dominant species, declining species diversity, and a shift in species

compositioh to opportunistic short-lived life forms (Davies,' Rapport, & Brady, 1992; Rapport,

Regier, & Hutchinson, 1985). In terrestrial ecosystems the signs include the leaching of nutrients

- and a decline in primary productivity, and in aquatic sysiems,‘ the loading of nutrients and an

increase in primary productivity because aquaiic systems are a sink for terrestrial runi-_off (Birkett &

Rapport, 1998). When an ecosystem loses its vbuff,éring capacity the circulation of contaminants

increases. Widespread loss of top predators and harsh environmental conditions encourages the
 selection of opportunistic pests and pathogens across a wide taxohomic range of plants and

- animals. As a result, the prevalence of disease increases (Epst'eih, 1995; Miller, 1989).

Furthermore, the population levels of different spécies may start to fluctuate wildly.

' 'Ecosystem health goals are broad-based narrative statements that describe the desired Iohg-te'rm
state of the ecosystem, and ecosystem objectives provide targets for management action (Bertram
& Reynoldson, 1992). Examples of ecosystem goals for the Great Lakes include fishability,
swimmability and drinkability (IJC', 1997). Ecosystem health indicators quantify habitat
characteristics, the magnitude of the stress, the degree of exposuré_ to the stressor or the degree of
thefecological response (Hunsaker & Carpenter, 1990). This type of indicator has often provided
the basis for federal or provincial environmental quality guidelines. Critical eCststem
characteristics include enough habitats for desired diversity and reproduction; adequate nutrient
cycling; sufficient buffering capacity and decomposer activity; and the effects of stressors on
productivity and biomass (Ramade, 1995; Schaeffer et al., 1 088).

The stress-response framework employed by practitipnérs to diagnose signs of the ‘ecosystem _
distress syndrome” has found widespread use in the development of environmental indicators (OECD,
‘1993; UNEP, 1991; Bird & Rapport, 1986; Rapport & Friend, 1979). It provides a well-defined
taxonomy of the stresses human activity places on the environment. By cIasSifying ecosystem
disorders, the framework facilitates remedial action. A detailed knowledge of the underlying
mechanisms of ecological change is not required to use this approach (Rapport et al., 1998)'.
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The Forest Health Network (1999) completed an inventory of thé condition of Canada’s forests
using a simple éet of indicators. Canada’s forests cover 418 million hectaré_s and span 13 of
‘Canada’s 15 terrestrial ecozones. The Forest Health Network was able to determine that 'Iong term
changes in plant succession and tree species composition are occurring, and t_hét forest
management practises such as harvesting and fire suppression are changing the basic ecological
structure of some forest ecosystems. Inthe Roc_ky Mountains_(Montané _Cordi‘IIeré Ecozone), for
example, fire suppression has resulted in the development of older stands of Lodgepole pine and
Douglas fir incréasing the risk of infestations of mountain pine beetle, Douglas fir tussock moth,
and Amilléra root rot. Moreover the accumulating ground debris increases the possibilities of majoi
wildfires. Approximately 27percént of the rainforest in British Columbia (Pac'ific Maritime Ecozone)
has been logged. Although most of the logged rainforest is regénerating, over half the trees in the '
remaihing unharvested forest are more than 250 years old. In Ontario, (Boreal Shield EcoZone)
the combination of clear cutting and fire suppression favours establishment of species such as
trembling aspen and white birch to the detriment of existing conifer species such as black and
white spruce and jack pine. The Carolinian hickory-sugar maple and basswood-éugar maple forest
ecosystems (Mixed Wood Plains Ecozone) are rapidly disappearihg due to fragmentati_on,
égricultural uses and land use conversion. As these examples demonstrate, this approach helps
set a variety of environmental changes in context. .

While 'this framework has served well for _the purpose of screening for very obvious environmental
threats, it has not proved to be very useful for detecting the early warning signs of émerging issues
(Rapport 1’995c). It has generally provided an after the fact confirmation of .ecosystem breakdown
but rarely early warning signs of degeneration (Whitford, Rapport & de Soyza, 1999). 'As_well, a |

diagnostic approach seems to presuppose a curative rather than a preventative mode of action.
732 Can Ecosystems Be Healthy?

Some critics think the ecosystem health perspective presupposes that an ecosystem hésva
biological structure analogous to an organism (Lancaster, 2000; Calow, 1992). That view has not
been commonly held in ecology since Clements’ (1916) time. Nor do the majority of ecologists

believe tbday that ecosystems tend towards a stable state (paﬁs resist change and return to the
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norm) or optimal state (parts actively serve the well-being of the whole). These outmoded views
have largely been displaced in the scientific literature about ecosystems. The functioning of
ecosystems represents a trade-off among all the forces aéting on them, and as complex systems,
they demonstrate emergent dynamic behaviour (Schneider & Kay, 1994). Othercritics claim that
health is a property of 'o‘rganism's (Suter, 1993). However, health has long been applied at the

population and community levels of biological organization and appropriate indicators have already
been developed for those levels of biological organiéation (Rapport, 2002; Rapport & Moll, 2000).

| Ecosystem health suggests that ecosystems are only healthy wheh they are in a climax state
(Hunter 2000). Critical to the definition of ecosystem health is the }notion that ecosystems have the
cépacity to rebound from disturbances (Rapport & R_egier',' 1995; Costanza, 1995; Kay, 1991, '

. Stebbing; 1981). Ebosystems are open systems that exhibit considerable spatial and temporal

~ variability. When natural disturbances open up space in an-ecosystem, the pattern or sequ‘ence of
regeneration will depend on the colonizing ability of the remaining species. Natural selection will
favour species that are able to makimize their use of available resources, even if it is at the
expense of the rest of the system (Calow, 1995). Although a degree of functional stability may
eventually be achieved where input equals 'output, this state is not linked to a particular species
compositibn. In open (non-equilibrium) systemé, process and outcome is less than predictable.
Only Iohg-range data sets may be able to capture ecosystems’ normal range of variability (Kelly &
Harwell, 1989).' The notion of a single climax state has given way to the realisation that for many
ecosystems there exist alternative stable states that may _be self-perpetuating. For example, Lake

- Erie flips between clear benthic and turbid pelagic states, which have different feedback systems
that limit or maintain the amount of phosphbrous in the water golum'n. Kay (2001) provides another
example. The closed soft maple swamps 6f. southern Ontario may shift to either an upland forest
community, grassland or marsh ecosystem, depending on the amount and duration of water flows

~ during periods of drought and flooding.

- Ecosystems often exhibit highly variable, even chaotic behaviour. Under these conditions, it may
be very difficult if not impossible to establish norms (Calow, 1992; Kelly & Harwell, 1989). There
are insufficient replicates by which to establish the normal range of variability for key ecosystem

: pafameters (Minns, 1992; Calow, 1992; Kelly & Harwell, 1989). Ecosystems are not as well
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integrated as other levels of biological organisation, such as 'popuiations and individual organisms.
It is difficult to identify the different effects of the stress caused by human activity and natural -
events (Carpenter, 1990). Sorn,e think that it is not possible to develop integrative measures or
indicators of all the efects of disturbances or to reach a consensus about the expected values of
various indicators used to characterize ecosystem health (Minns, 1992; Kelly & Harwell, 1989).

Critics also claim that the ecosystem health approach does not provide an objective basis for
assessment Health always implies an element of subjectivity because it calls for value |
judgements about what is important. The belief that maintaining qualities judged desirable by
society will somehow maintain the health of the ecosystem is not based on scientific theory or |
evidence (Wicklum & Davies, 1995). Even when we know what we want the ecosystem to provide, '
we are often unable to choose a management option that will reliably achieve those results (Reid
1999). The relationship between ecosystem health and the services an ecosystem provides

should be documented (Rapport, Gaudet, & Calow, eds. 1995; Cairns & Pratt, 1995). There is also
still a need to generate testable hypotheses about ecosystem health and to validate d_iagnosti'c

. protocois and indicators (Rapport, Regier, & Hutchinson 1985; Odum, 1985).

Many scientists are uncomfortable when asked to extend their field of inquiry beyond natural
phenomena to incorporate social values and consideration of human heath (Rapport & MoIi, 2000).
There'is also lingering doubt about wheth_er it is possible to integrate knowledge over such
disparate domains (the natural, social and health sciences). However, at least four universities
(e.q., Western Ontario, Guelph, Haw}aii, and John Hopkins) have established programs .
encompassing human and ecosystem health (Wilcox 2001).

What is healthy often depends on the perspective of the observer. For example, ecosystem health

is defined as much by social and economic values, what people want from the forest, asitisbya -
scientific assessment of forevst health (Kimmins, 1997). Professional foresters have used forest |
health to describe the growth and vigOur of trees (Kolb et al., 1994). In defining forest health, for -

- example, McLaugnIin and Percy (1999) concentrate on the capacity of the forest to supply and

allocate water nutrients and energy in ways that increase or maintain the forest's productivity while




maintaining its resistance to stress. A forest is healthy when the trees are free from infestation and

growing at a'maximum rate. It is unhealthy if trees are dead or dying.

‘Scientists today recognise that natural disturbances are a normal part of a well-functioning forest
ecosystem (Peters, Frdst, & Pabe, 1996). Wildfire, disease, and insect infestations help
regenerate the_fo_rest, cycle nutrients, and rhaintain a patchwork of stands across the landscape
that provide habitat for wildlife and birds. Itis 6nly_when these disturbénces exceed the historic
range of variability that they become a cause for concern and can be considered to be unhealthy

' (Dalms & Geils, 1997). | |

Science cannot adjudicate conflicts about values and preférences (Lancaster, 2000; Kapustka &
~ Landis, 1998). For example, the forestry industry has tried to maximize overall tree growth and

" timber production, often at the expense of other values such as watervquality or fisheries.

The health metaphor breaks down when you consider that healthy ecosystems are not necessarily
free of disease. Ask a hundred people to view a forest that has recently experienced a crown fire,
and few will say that they are looking at a healthy ecdsy_stem. H_owéver, from the perspective of a |
wdodpecker or bark beetle, a forest with hundreds of dead trees may look very healthy indeed
(Hunter, 2000).

Ecosystem health may simply be an attempt to grab the moral high ground. The real policy
debates are about values, not about science (Grumbine, '1997)'. The use of metaphors is part of a
- social agenda (Suter, 1993). Normative concepts like ecosystem.health shroud difficult and painful
| tradeoffs. The use of the term actually obscures societal values and preferences by not forcing an
explicit choice from competing policy options (Lackey, 2001). The interplay betw_eén what is

' 'possible and what is desirable defines ecosystem health. The first priority for research that would
make a difference would be to determine public values and priorities for ecosystems (Lackey,
1995). The alternative is that values of scientists and other technocrats will be used as surrogates

for societal values and preferences (Russow, 1995).
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7.4. Concluding Comments

~ Three mental models of ecosystem risk were identified from this analysis of the scientific_liferature :
(see Table 7.1). The proposed typology provides a basis for comparihg different mental models of
risk.- Why were only three and not more mental models of risk chosen? - In addition to carrymg
capacity (e.g. Barrett & Odum, 2000 Catton, 1994; Daily & Ehrlich 1992; Hardin 1986), b|o|og|cal
or ecological integrity (e.g. Angermelr & Karr, 1994; Woodley et al., 1993) and ecosystem health
(e.g. Costanza etal. 1992 Rapport 1989), other potential mental models can be found in the
hterature such as ecologlca| footprints (e.g. Rees, 1992), sustainability (e.g. ESI, 2002; Salwasser
1990) and resilience (e.g. Carpenter et al., 2001; Holling, 1973). The NVivo- analy5|s showed there
was considerable duplication and overlép in the usage of these terms. Ecological footprints_'are o
defined as a form of “appropriated’ carrying capacity. Ecosystém health is defined in terms of
sustainability. Résiliehce is common to all the mental models. The mental models in the typology
are neither mutually exclusive nor exhaustive of the possible mental models. In some cases they |

may represent a continuum of thought and action.

The carrying capacity model is based on a limits-to-growth metaphor and arises from concerns
~ about population growth and rising consumption. The biological or ecological Integrity model is
based on a wilderness preservation metaphor and arises from concems about the loss of
biodiversity. The ecosystem health model is based on a health metaphor and concern about how
we are going to meet human needs | '

‘These divergent mental models are also premised on different convictions about the dnvmg forces
of. change The carrying capacity model blames human population growth and consumption. Over
harvesting and use, habitat loss and i invasive spemes are considered to be the driving forces of
change in as far as the biological integrity model is concemed. Human wants and needs drive the
ebosystem health mental model. | |
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Table7.1 Typolog of Ex er"rs Men‘ral Models of Ecos stem Risk

Metaphor o Limits to Growth, Wllderness Preservatlon ~Med|cal Diagnosis,
Ecological Footprint Conservation Ethic Sustainability
Public Concerns . [ Pollution and Waste Biodiversity, Extinction Human wants & needs
Driving Force of Change || Population growth and || Habitat ' Industrial production,
' consumption | loss/fragmentation, Monocultures, Trade
_ y Qver-harvesting, Exotics .
Stressors Chemical, Physical Biological, Physical Chemical, Biological,
I ’ , - Physical, Societal
VEC Populations-Individuals [ Communities — Species Ecosystems — Landscapes
‘Assessment criteria Sustained yield, TLV's || Natural benchmarks or Targets for actionor
Critical deposition Ranges of variability Diagnostic indicators
loadings o
View of Science Reductionist - - {| Reductionist/Holistic - Holistic
Decision Making Criteria Optimal Choice . Safe Minimum Standard - || Multi-Criteria -Trade-offs

- These mental models also focus on ecosystem responses to different combinations of chemical,

physical and bioldgica| stressors.

The carrying capacity model foéuses on processes that affect individuals or populations, the
biological integrity model focuses on risks to communities or species, and the ecosystem health

model is employed when deahng with ecosystems- at nsk

The assessment criteria used vary. The carrying capacity model proposes threshold limits, critical
loadings or sustained yields as decision-making criteria. Notions of biological integrity rely on’
naturally occurring benchmarks. Ecosystem health is premised on the normal functioning of the
ecosystem. | | '

Underlying these mental models are different attitudes to public, and stakeholder input. With the

exception of ecosystem health, the other mental models do not envision a role for public.input.

Supportevrs of the carrying capacity mental model have a reductionist view of }science, while the

~adherents of the other mental models have a more holistic systems point of view. They do not

agree on whether the parts or whole are more important. Reductionism has been the dominant

mode of inquiry in Western science. By reducing questions to more manageable parts, scientists
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wind up providing answers to very different‘questions. HoIIing éxpressed the differences
underlying these conflicting points of view best;

Reductionist science emerges from a tradition of experimental science, where a
narrow enough focus is chosen in order to pose hypotheses, collect data, and
design critical tests in order to reject invalid hypotheses - the goal of the science -
of the parts is to narrow uncertainty to the point where acceptance of the argument
is essentially unanimous (provide the building blocks but not the-design).

The other is science of integration...the goal is to narrow the range of possibilities
by invalidating alternative hypotheses — the scales chosen are dictated by the
question not by the practical limits of experimentation ... multiple lines of evidence
are sought that progressively invalidate alternatives. There is deep concern that
useful hypotheses might be rejected...rather than...accepting false hypotheses.
The premise of the second stream is that knowledge of the system we deal with is
incomplete. Surprise is inevitable. There will rarely be unanimity of agreement
among peers, only increasingly credible lines of tested argument. Not only is the
science incomplete, the system itself is a moving target, evolving because of the
effects of management and the progressive expanS|on of the scale of human
influence on the planet.
(Holling, 1996 p. 734)

Uttimately these mental models reflect underlying differences in attitudes to risk and

" decision-making. Where is the common ground for experts intent on achieving the best

possible solution in the circumstances, for others bound by moral imperatives, and for the

pragmatic few that are not averse to trade-offs?

This initial typology of experts’ mental models of risk helped to formulate the interview questionnaire.
Repertory grid methods were used to elicit the subject’s mental model of ecosystem risk. Unlike
direct questioning, the knowledge elicitation process allowed-the research subjects to
* Use their own frame of reference in describing an ecosyétem (e.g. scope, scale }or timeframe);
. Chose their own response categOries sel'ecting what was important ab_out ecdsystems
(e g. entities, attributes, processes, and relationships); and '
e Draw their own inferences (e.g. telling us what was threatened or at nsk)
The subjects were free to describe and label the constructs in their own mental model in an

idiosyncratic manner.
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8.0 EXPERT SURVEY ANALYSIS

This chapter presents the results of the survey analysis.

The first stage of the s_Urvey was used to describe ecosystems and elicit assessfnent criteria from
experts describing those aspects of ecosystems they felf should be conserved, managed, or
protected. The experts were asked to identify threats to regional ecosystems and to evaluate the
reIatiVe'impOrtanCe of different driv.ing forces of ecdldgical change. They were also asked to
identify eco-cohéepts they would prefer to use to assess risks to ecosystems. The experts were
~ asked to choose an eco-cohcept .that'described their mental model of risk and to compare and

contrast it with others.

: This apprdaéh contrasts with the second stage‘ of the survey where an attempt was made to derive
the experts’ mental models analytically from their use of elicited assessment criteria. The extent to
which the findings of the-questionnaire survey confirm the results 6f the expeﬁ interviews increases
confidence in the validity of the research findings. |

An attempt was also made to assess the influence of the experts’ worldviews, background, and
experience on their choice of mental model of risk.

During the second stage of the survey, the respondents were asked to define what these eco-
concepts meant to them using a common set of assessment criteria developed from the expert
interviews. FOCUS and PrinCom (Shaw, 1980) were used to analyse the re'pertory grids elicited
from experts. FOCUS represents' the underlying conceptual structufe as a tree diagram revealing
the underlying dependencies, and PrinCom uses a spatial map to represent the grid in @ minimum
- number of dimensions. By-orde_rihg and clustering ‘the\_ concepts and criteria in terms of t'heir

- similarities and differences, it was possible to determine the dégree of exp_ert--consensus and the
extent to which the usage of one concept corresponds to another. The SocioNet functions (Shaw,
1980) were used to identify sub-groups of experts who shared similar mental models of risk, and
made similar conceptual distinctions. |
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Thé background characteristics of respondehts and non-respondents were assessed to determine

- how representétive the study population is of professionals engaged in ecological risk assessment.

In closing, the survey findings are summarized and reviewed.

8.1 What Is an Ecosystem?

The subjects were asked to agree or disagree with a set of statements about ecosystems (see
- Table 8.1). Most of the experts interviewed thought of an ecosystem as a dynamic set of
processes and functions. However, they were also prepared to characterize an ecoSystem asa
physical-biological entity or as a real place. Geographers and landscape ecologists, for example, -
were inclined to think of ecosystems as sorhething that was reasonably fixed in olace, while
biologists and community ecologists were more inclined to think of an ecosystem as something that
was more variable in time and space. Ecologists in particular were the most averse to thinking of

an ecosystem'_as a physical biological entity.

~ Although the term holistic was controversial, over 70% of the subjects were inclined to think of an
ecosystem as a holistic understanding of the relationship between living things and their
environment. A majority did not think of an ecosystem-as a oroblem solving approach. Few (only
three) thought the definition of an ecosystem was problem- of action-_specific. Most subjects added
the clarification that the characteristics described were conceptual distinctions they applied to
phenomena, and 11 stated vexpliciﬂy that ecosystems were purely méntal constructs.

Toble 8 1 E{per‘rs Squor‘T For Different Views Of Ecos s‘rems

o Dynamic set of processes and functions 47 92
o Holistic understanding of relatlonsh|p of I|vmg things and .37 73
their environment
o Physical - biological entity _ - 36 ' A
e Realplace ' ' ' , 3 69
e Problem solving approach 18 35
e Mental construct 11 22
o Definition - problem-action specific 3 ' 6
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v8.2 What Is Importént about Ecosystems?

The subjects were then asked what they thought was important about ecosystems (see Table 8.2).
They were asked to identify observable entities, procesSes.or relationships that they considered in
most cases to be worthy of management, conservation or protection. The subjects also contribUted
two other sets of distihctions, describing an ecosystem as a éystém with em_érgent properties, and
describing its social significance.

Each expert contributed on ave_ra'ge contributed six suggestions. The most frequent choices were
entities (40.5% of the suggestions) and processes (24.3% of the suggestions).

Over two-thirds of the experts thought of an ecosysterh primarilly as some combination of entities,
processes or relationships. A quarter thought of an ecosystem in terms of entities or processes
and their social significance. Only one in five thought of an 'ecosystem as a system per se.

Table 8.2 lists what the experts thought were the most important corhponents of an ecosystem.
Génerally experts chose components of biodiversity, the cycling of materials and energy, and
im’portant functional relationships. They suggested biotic cbmponents such as species,

populations and organisms more often than they suggested abiotic components such as habitat. It
is also worth noting that biogeochemical processes such as nutrient cycling and the water cycle
were selected more frequently fhan climatic factors. On the social side of the ledger, t'hey | |
described the use and abuse of ecosystems, human knowledge about ecosystems or lack of it, and
the impact of human actions_. In pérticular, .they emphasiied the need} for better mahagement of

our relationship with the earth’s ecosystems. When they contributed system properties, they often

suggested properties that stress stability and continuity over change.
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Table 8.2 Elicited EcosYsTem Entities, Attributes & Relationships

Species - Taxa

T

ESSES

Trends

Populations
Habitat
Biodiversity
‘Guilds-Assemblages
Keystone species
Organisms
Biomass
Landscapes

Nutrient cycling
Water cycle
Climate change
Disturbance regime
Decomposition
- Evolution & natural selection

Trophic structure
Connectivity -
Redundancy

Governance
Benefits desired by society
Harvesting & use

Human knowledge & perceptions
Polluti

N=51

Resilience
Naturalness

~ Integrity

Physical structure
Self-organizing & regulating
Complexity

BRI N ®
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8.3 Experts’ Eco-Concepts and Assessment Criterié

The interviewees were asked to suggest assessment criteria that could be used to evaluate the
condition and functioning of ecosystems (Question 4) and then to compare and contrast the
meaning of different ecosystem concepts such as Ecosystem Health, Biological/Ecological
Integrity, and Carryihg‘ Capacity (Question 5-7). The order in which the respendents introduced
different eco- criteria varied. They required little prompting. They did not have to discuss all the

eco-concepts provided and were free to introduce new eco-concepts to the interview.

Question 4 was designed to elicit assessment criteria that could be used to assess the condition or - |
- functioning of ecosystems. The criteria were grouped by level ef biological organization and

classified using NVivo. The criteria provided the constructs for a composite repertory grid. The

~ mode, entity and attribute functions of RepGrid were used to extract'heighly matched elements and
constructs (i.e. entities and attributes) from the majority of grids. The reéulting assessment Criteria

are described in Table 8.3.

Different levels of biological erganization were used to classify the suggested assessment criteria

(se_e Table 8.3). Abiotic factors are non-living physical and chemical factors that Iimit the survival of
living organisms. Examples of abiotic factors include temperature, moisture and the availability of

soil nutrients. Communities or gui'lds are clusters of fish, plants and-animals that exploit the same
ecological niche, and are understood to be functionally linked in some way. A commu'nity’or guild is
an assemblage of a variefy of species, while-a population is a collection of organisms of a particular
species. Populations are cepable of interbreeding and are usually reproductively isolated from other
populations of the same species. Organisms are living things,that_ are usually sensitive to stimuli,

and capable of movement, respiration, feeding, growth and reproduction. Most of the criteria

| as.signed to the residual category correspond to stresses imposed by humans on ecosystems.

Several rules were applied to sift and sort throug.h candidate eco-assessment criteria. Only criteria
“that apply to ecosystems were considered. Assessment criteria that do not vary were excluded

from further consideration. If the proposed criteria could apply to several levels of biological

organization, the highest level of biological organization was chosen. Representative criteria were

“chosen for each level of biological organization.
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Assessment Criteria

CONSTRUCTS

" Table 8.3 Elicited Eco-

EMERGENT

Physical structure
Connectivity
Nutrient cycling
Patch size
Climate
Disturbance regime
Decomposition

Complex
Interconnected
‘Retention
Large
Minimum variability -
Minor
Decomposition

IMPLICIT

Simplified
Fragmented
Leakage

~ Small
Warming/Cooling
Extensive/Severe
Bio-accumulation

Vulnerable

24
23
21
20
15
11

S 10
10

Resilience

Species abundance
Trophic structure
Invasive species

"~ Food webs

Succession
Productivity
Biomass ‘
R-k strategists

Resilient

Survive & Thrive

Stable
- Native
Complex-Robust

Regenerate
Production

Constant-Increasing

Larger-longer lived

. Species —at-Risk
Unstable/Shifting
~ Exotic & Invasive
‘Simplified-fragile
Composition changing
Respiration
Decreasing
Smaller-shorter lived

Population dynamics -
Range '
Age-sex distribution
Niche specialization

Stable-Viable
Normal
Balanced-
Plentiful-dispersed

Growing or declining
Reduced or displaced
Skewed

Genetic diversity .

Rare-endemic

J Increased ~~ Decreased 14
¢ . Metabolic processes Normal Disrupted 7
e Reproductive success High ~Low 6
o Disease/deformities Absent or rare Spreads/present 6
o Mortality Low High 5

Harvesting/use
Pollution

Affinity

Familiarity

Fresh water

Land use changes
Human population

No direct impacts
Low level
Care about/enjoy
Grew up with
Adequate
Minimum Small scale
Constant-declines

Substantial use/impacts
High level
People indifferent
Don’t know
In short supply
Profound Large-scale
Grows

N OYO1 OOy OO

pa—ry
—_
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‘Each expert contributed from two to seven suggest'ions. Even though the suggestions were quite
évenly distributed across the various levels of biological organization, there were fewer
suggestions for organisms, about half the average for othér levels of biological organization. When
the experts sUggested criteria, the int'erviewer glicited both emergent and implicit poles of the
constructs (i.e. preferred and cohtrasting conditions of the ecosystém) from the respondent (see
Table 8.3). These assessment criteria weré sUbsequently used to elicit and compare different

~ mental models of ecosystem risk. |

- All the experts 's'aid they weré familiar with the meaning of the various eco-concepts that were
~ discussed. Tables 8.4.1t0 8.4.6 summarise the ternﬁinology used to describe the differences and
similérities between different ecosystem concepts. Each respondent was free to suggest as many
~ constructs as they wished. ' ' '

Ecological Integrity a‘nd Ecosystem Health drew more comments than other eco-concepts (see -
Table 8.4.1 & 8.4.2). Contrary to what the literature review sﬂggested, many felt Ecological
Integrity and Ecosystem Health were not really different concepts. In fact several QUipped when
asked to explain the distinction between Ecological Integrity and Ecosystem Health that one was
favoured at Guélph and the other at Waterloo, the unive'rsitiés which arev the most vigorous
exbonents of these concépts. When describing Ecological Integrity, the respondents were most -
likely to use language such as natural or pristine, complete, intact, self-organizihg or regenerating.
In describing Ecosystem Health, they were most likely to use language such as managed, human '
goals, benefits, wants or needs. Some thought the public more eaSin understood Ecosystem
Health than Ecological Integrity. Both were thought to be report cards or snapshots of the state of
the environment. While the respondents thought Ecological In’tegﬁty Was a measurable benchmark

or reference state, they thought Ecosystem Health was based on subjective preferences.
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Table 8.4. Elicitation 6f E'co-Concest._ .

Natural-Pristine- Undlsturbed ' 1
Similar to Ecosystem Health -
Self-organizing - regenerating — evolving
Complete-Intact '
Benchmark - Reference State

Minimum Human Intervention

Retain Biodiversity

Not understood by the public

Snapshot in time

I oo N~

ons‘r ‘rsg s
Similar to Ecological Integrity : _
What people want; people’s perceptions 10
Managed ecosystem 7
Human goals and benefits ' 4
Understood by the public 4
Multi-states healthy » 4
Subjective not measurable ’ ' 3
Medical analogy : 3
Report Card 3

Sustainability, like Ecosystem Health, isa management or societal goal. Sustainability (Table
'8.4.3) is expressed through the imagery of a steady state economy, or constaht natural capital. It
calls for a level of human use that will permit resource regeneration, and reconciling conflicting
human demands in a way that will permit us to meet the needs of future generations. The experts
4thought that Sustainability and Ecosystem Health were similar concepts.

. Societal or management goal
Persist through time _
Meet needs of future generations
Steady State - Constant wealth
Focus on human society or economy
Take only what we need
Resource use permits regeneration
Reconcile conflicting demands
Sustainable is similar to healthy

WO oo~

150




Carrying Capacity (Table 8.4.4) is expressed in the. language of limits to grthh, maximum
population density or yields.

Table 8.4 Elicitation of Eco-Concepts (continued)
Max. Population that can be supported 2
Single Species or Population density limits
Max. Production or Yields ' '
Limits to growth/consumption -

Wildlife resource management term
- Measurable indicator ‘

OO OO

The Ecological Footprint (Table 8.4.5) is described in terms of the'space humans use or take up,
and their withdrawals from ecosystems. V |

Some thought Carrying Capacity and Ecological Footprints were technical measures more likely to
be estimated and understood by specialists. Eco-concepts, such as Sustainability and Ecosystem
Health, are notions that are open to public debate and discussion. What is thought to be

sustainable or healthy in a particular context may vary or be the result of a negotiated compromise.

Human impacts on ecosystems -
What we take out of ecosystems
Measurable spatial index
Inverse-of Carrying Capacity

Not many respbndents mentioned Resilience (Table 8.4.6). Like Sustainability it was thought to

describe the ecosystem’s trajectory encompassing current and future states of the environment.

onstru

"1« Withstand disturbances - ‘ 5
e Understand future changes / states ' 3




8.4 Preferred Eco-Concept

The experts were asked to select the eco-concept that described how they would compare risks to
| different ecosystems (Question 9). Their overwhelming preference was Ecologicai'integrity (47%)
followed by Sustainability (16%), Ecosystem Health (12%), Resilience (10%) and Carrying
Capacity (6%). Five persons (10%) had other preferences or no preference at all. |

SubjeCts who chose Ecological Integrity as their preferred concept were less Iikeiy to have a PhD. .
Only iifty percent had a PhD compared to 85 percent of the respondents who chose other eco
concepts or none at all. They were also younger (38% were under the age of 45 compared t019%
of the other respondents), and had less work experience (only 58% had over twenty years of work
experience compared to 78% ot the others). In terms of other background-chara'cteristics they

were similar.

The difference in response pattern may be accoUnted for by a number of factors. Ecological
integrity may be the preferred ecological concept because it is the most recent eco-concept to
enter into popular usage. Greater age, education, and experience are associated with greater
 specialization and differentiation. The outcome of this process of maturation might be a greater

variety of choices in how the experts would compare risk to different ecosystems.

Could the experts’ choice of eco-concept- be a function of the sample composition? The
characteristics of the population of ecosystem experts are unknown. -Certain groups, such as
women, activists, and business professionals were underrepresented in the survey'sample.- There
is some indication that personspreterring ecological integrity- as an ecosystem concept were iess
likely than other experts with different preferences to respond to the survey. However the sheer
‘diversny of the respondents’ backgrounds lends credibility to the conciu5|on that ecologicai integrity

was the experts’ preferred chorce of eco- concept

The next step was to examine the underlying distinctions between the eco-concepts. A common
set of relatively simple qualitative distinctions was selected from the interviews and used to
compare the eco-concepts. These elicited constructs included: ‘
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o NaturaI-Hurnan = describing a relatively prietine undisturbed area contrasted to areas that
are managed for human use or benefit

o -Measurable -Subjective - contrasting observable conditions or trends with human goals
and preferences ,

o Present-Future - a snapshot or report card versus a trend or possible outcome

e Single-Multiple States — a benchmark or desired state contrasted wiih many possible
states or outcomes -

e Popular-Technical - easily or generally understood ideas compared to difficult hard to
understand technical concepts v ‘

o Fuzzy-Clear Cut - concepts leaving room for interpretat'ion and that are open for public
discussmn and debate compared to more precise estrmates and indicators that can only

be calculated and interpreted by specialists

Shaw’s (1980) FOCUS and PrinCom (principal components) algorithms were used to represent the
elements and constructs (eco-concepts and criteria). FOCUS was used to cluster the concepts in
the form of a tree to helpidentify underlying dependencies. PrinCom was used to locate the eco-
concepts in a commo.n conceptual space, and to represent them in a minimum number of

dimensions.

The FOCUS Analysis (Figure 8;1) isolates what appear to be two distinct COnceptu'a_I clusters. The
first cluster consists of popular concepts such as Sustainability, Ecosystem Health and the
Ecological Footprint. The second cluster consists of Scientific and technical concepts such as

* Ecological Integrity, Resilience and Carrying Capacity. The only eco-concepts that are strongly
associated are Ecosystem Health and Sustainability (83% match); The other eco-concepts fall
below the minimum cut-off point of 75 percent. Nevertheless the eco-concepts appear to fall into |

 two distinct categories.

Figure 8.1 shows that Naturalness, Understanding? Observable, and Clarity are the most tightly
clustered criteria (matching scores of 83%). Time and States is also weakly clustered (66.7%
match). When the linkages among the assessment criteria are examined it appears that the two
conceptdal clusters could be described in starkly different terms.
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The first set of concepts appears to apply to human impacted areas, while the second set applies to
pristine areas. In the formef case the concepts reflect popular understanding, and in the latter case,
-only specialists may only understand the terms. With thé exception of the Eco‘logical Footprint, the
first set of concepts is thought to be subjective, and the remaining set is thought to be measurable.
With respect to time and end-state, the groupings are less clear but Sustainability ‘and Resilience
potentially refer to multiple future states, and Ecdlogical Integrity and Carrying Capacity usually refer
to current conditions. | ' | |

o 4.3 8 > ' 100 90 80 70 60
Time = Future 3 3 Time = Present............0.. '
States = Multiple 4| 1 1 : 4 States = Single........... : -
Naturalness = Disturbed by Rumans 11 1 1 1 ! Naturalness = Psvstwe.<.:...
C Understanding = Populars| 1 1 : 5 Understanding = Technical
. Dbservable = Subjective2| 1.. 1 2 Observabie.= Memmb/e
Clanty = Fuzzy 6] 11 16 Clarity = C‘Iearwt.....‘ .......
4 3 6 2 1 5 ‘ o 'IOO QO EO 70 60 SO
L i 1 i 5 Ccamying Capamty._w.\,.;_ o
: IR 1 Integrity........oooio i .
EEE S 2 Resilience............ ... : ——
......... i B Ecanotpnnt.....‘.........-_...__,_’_'_ﬁ.ﬂ__'_.;w/,/’
S T 3 Health................. L d
] EESUSTPRY 4 Sustainability.............. ::}f

Figure 8.1: Prellmlnary FOCUS CIuster Analysis of Eco-Concepts & Criteria

The PrinCom Map (Figure 8.2) also extracted the primary dimensions underlying the data. The
first three principal components appear to be significant

Naturalness, Observable and Understanding are tightly aligned with the X-axis.suggééting that
these criteria are not really independent. Time, State, and Clarity are highly collinear with this first
’set of criteria. The PrinCom graphic suggests that there are at least two dimensions underlying the

dei_ta. The criteria exhibit a high degree of polarity (evident from the -Iength of the lines) with the

implication that each of the concepts received strongly contrasting fatings.




sze Present

I ntegrity
 States = Single

Clarity = Fuzzy

Natuminess D/stumed by Humans,
- He althx= |
- Observabfe Sulgiectfve Cx Carrying Capacity”
Understandmg Pap uiary

------------ * Understanding = Technical -
Observable = Measurable
Naturainess = Pristine -

- States = Multiples

» Clarity. = Clear cut
T/me Future

xResilience :
Flgure 8.2 Prellmlnary PnnCom Mapping of Eco-Concepts & Criteria

The First component accounted for 54% of the variance (see Table _8.5). ‘Sustainability and

, Ecosystém Healthvhad the highest positive loadings on the First oompovnent_. In contrast, Carrying

| ‘Capacity, and Ecological Integrity had high negative loadings. Obsen/able and Understanding |

were the criteria with the highest loadings on the First component. However, while Observable

was positive, Understanding was negative. That is to say, subjectivé and popular was contrasted

with measurable and techn|ca| Naturalness also had a high positive loading on this component.

The First component appears to contrast natural and human -impacted ecosystems. At the same

tlme it _contrasts a scientific with a more popular understand‘mg of ecosystems.
The Second and Third components each account for about twenty percent of the variance.
~ The most positive concept loading on the Second componént was Resilience. Ecological Integrity

had a high negative loading. The criteria, Time, Clarity, and States had the highest loading on this
component. The Second component appears to contrast eoosystém structure and function.

- The most posmve concept loading on the Third component was the Ecologlcal Footprint. Time and

Clanty also had high loadings on this component Clarity was positive, while Time was negative.

The Third component seems to reflect uncertainty as to the outcome of human activities.
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Table 8.5 Preliminary Principal Components Analysis of Conc'epfs. and Criteria

* 53.88 22.20 18.86 3.50 1.56_

1 BnologlcaI/EcoIoglcal Integrlty
2 Resilience =~ = -

3 Ecosystem Health

4 Sustainability - 1.146 0. _

5 Carrying Capacity ' -] *0.931-0.211 0.339-0.376 -0.077
6 Ecological Footprint v | * 0.238 0.258 0.916 0.153 0.143

1 Naturalness _ ;

2 Observable A 035 0 209 0 354 —0 197 0 234
3 Time ‘ * 0.245 0.845-0.712 -0.186 0.137
4 States ' : ' * 0:848 0.700 0.077 0.325-0.116
5 Understanding . - *-1.148 0.018 -0.382 —-0.089 -0.166
6 Clarity : *-0.630 0752 0704 -0.179 -0.099

Figure 8.1, the FOCUS Cluster Analysis, revealed tWo apparent conceptual clustefs The first
_cluster consisted of popular concepts such as Sustainability, Ecosystem Health and the Ecologlcal
Footpnnt The second cluster consisted of more scientific and technical concepts such as
‘Ecological |ntegr|ty, Resilience and Carrying Capacity. The PrinCom map:(Figure 8.2) and the
Principal Component Analysis (Table 8.5) suggested that this conceptual array might reflect an
assessment continuum that ranges from undisturbed natural ecosystems to human lmpacted
ecosystems. Ap’plying INDUCT to this repertory grid data confirmed that the experts thought that
“the first set of eco-concepts (Sustainability, Ecosystem Health and the Ecological Footprint) were
pbpular terms used to déscribe human-disturbed ecosystems. EXperts thought that the second set
of eco-concepts (Ecological Integrity, Resilience an.d' Carrying Capacity) were technical terms used
to describe pristine ecosystems. Whereas experts thought Ecosystem Health and Susfainability
were fuzzy and sUbjective terms, they thought that Resilience, Carrying Capacity, and the ‘_
Ecological Footprint were clear-cut and measurable terms. Although they thought Ecological

- Integrity was measurable, they did not think it was a clear-cut term. Temporal orientation and state
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of the ecosystem were even less crisp distinctions.‘ Experts thought that Ecological Integrity and
Carrying Capacity refer to a current state of the ecosystem, and that Resilience potentially refers to
multiple_future states of the ecosystem. They also though_t Ecosystem Health and the Ecological
Footprint refer to the present _and Sustainability to the futuré. These findings were revisited in
greater depth during the second stage of the survey in an effort to validate and build upon these
conclusions. o | |

8.5 Worldviews-

Each expert was asked the extent to which they égreed or _disagree_d on a scale of one to five with
a‘béttery of thirty statements about society_and the'environment (Question 12). The experts’

- worldviews were determined from their relative agreement or disagreement with specific subsets of
- these statements (see Table 6.3). Each subset of statements de_scribes‘a discourse or cluster of
contrasting beliefs. Likert indexes were calculated for each discourse. A Likert index is the
average semantic differential rating assigned by the respondent. '

All 51 persons who were interviewed completed this question.. The same battéry of statements
was also incorporated into the second stage of the survey and an additidnal 27 respondenfs who
cofhpleted the web-based portion of the survey answered this question. Each administration of the
question yielded equivalent results increasing confidence in the reliability of the worldview scale.

Almost eighty percent of the respondents supported t'he_dominant discourse #1 (see Table 8.6).
They wére less likely to have a PhD (58% of the respondents who supported the dominant
discourse had PhD’s compared to 75% of those who shared other discourses) and more likely to
be younger (61% of the supporters were over 45 years of age compared to 69% under 45). Three-
quarters of the supporters of discourse #1 were most likely to disagree with the component beliefs
of discourse #3. Almost twenty percent of the supporters of the dominant diScourse were also
likely to disagree with the component beliefs of discourse #2. The re‘mainder of the supporters of

the dominant discourse were evenly divided in their disagreement with the remaining discourses.
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_Support.for discourse #1 was statistically significant (using the T-test) in the majority of cases (14 -
- cases were sionificaht at .01, 13 cases were significaht at.05,and 10 cases were significant at .1).
Disagreement with discourse #3 was also significant (using the T-test) in many cases (2 cases
were significant at .01, 10 cases were significant at .05, and 5 were significant at .1). |

Discourse #1 was the dominant worldview. Ninety-five percent of thos_e who supoorted Ecological
tntegrity as a mental model of risk were more Iikely to agree with the statements in discourse #1.
The level of support for discourse #1 fell off among supporters of other mental models of risk_: 85
percent of those who supported Ecosystem Health, 75 percent of those who supported |
Sustamabnhty and 60 percent of those who supported Resilience agreed with the statements in
discourse #1. ’

Cronbach’s alphas were calculated for each index. The indexes for each discourse were
‘reasonably internally consistent (i.e. Discourse #1 = .83, Discourse #2 = .64, and Discourse #3=
78). ' |

- Nonetheless, respondents were likely to reject the notions implicit in discourse #1 (statements 25 &
26) that nature is fragile, and that expert disagreement was.a problem. They supported only two

_statements (9 & 29) in discourse #3, that environmental choice always involves trade-offs; and that
pe'ople who invest and take greater .risks_should be rewarded. Moreover, they also disag'reed with
many of the statements in discourse #2 (statements 7, 12, 27, & 28): that the environmental crisis
-has been greatly ekaggerated, that humans have a right to use other species to meet' their'needs,
that the tough decisions about the environment should be left to the experts, and that humans have
the ability to control nature.
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Table 8.6 Respondents’ Worldviews by Personal Background -

' Mess than PhD

PhD

TOTAL

78 -

Ecology : : :

| Other Eco-Sciences 39 50.0% 32 51.6% 7 43.8%
Social & Health Sciences | 18 23.1% 14 22.6% 4 25.0%
TOTAL ' 78 62 16

F

| Academic '

Other

| TOTAL

e

URRENT POSITION
Academic -

: -9
Professional & Consulting 24 308% | 19 | 307% 5 | 31.2%
Advocacy & Other 12 15.4% .10 16.1% 2 12.5%
TOTAL 78 " 62 16
Under 20 years 37 47.4% 29 46.8% 8 50.0%
20 years and over 41 52.6% 33 53.2% 8 50.0%
TOTAL 78 62 16

44.9%

| 45 years and over 43 | 55.1% | 38 5

[ToTaAL 78 | e 16
Male 63 | 808% | 52 11| 68.8%
Female 15 | 192% | 10 5| 31.2%
TOTAL 78 62 16
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- Responses to some of the statements varied: by gender, discipline, experience, age or years of
work experience. ~ S

The most significant background charaeteristic was gender. Females were more likely t0. agree:
that we are approeching the limits of the number of people that the ear_tn can support (Statement 3,
F-test significant .05), that companies won'’t p'rotect the environment until the law forces them to do}
something (Staiement 14, F-test significant .05), and that modern technology poses serious r_isks to
the enviren_ment (Statement 22, F-test sigvnificant .05). They were ino_re inclined to disagree with |
the statements that people who take risks should be rewarded (Statement 9 F-test significanc_‘e'
.05), and the public should be prepared to accept some environmental risks if they want to have a

more prosperous}econom’y (Statement 16, F-test significance .01). 4

Ecologists and other ecosystem scientists were more inclined than social scientists to believe that
you cannot rely on the functioning of markets or the goodwill of individuals (Statement 6, F-test
significenc_e .01) and the opinions of experts (Statement 20, F-test significance .05) to protect the
- environment. Persons with a business background were more inclined to believe that we will
eventually learn enough about how nature works to be able to control it (Statement 12, F-test
-significance .05),'and that as long as the same species exists somewhere else in the world,
humans have the right {o use piantsvand animals to meet their needs (Statement 28, F-test
significance .05). '

Older respondents were more incIin'ed to disagree that we should leave tough decieions about the
environment to the experts (Statement 7, F-test significance .05). More educated respondents

were more likely to belieye'that nature may'be resilient but it can only absorb so much damage
(Statement 4, F-test eigniiicance .05). With increasing experience, _respondents were more likely to .
beiieve that if humans do not have a particular use fer a species they should not worry about it |
becoming extinct (Statement 23, F-test Significance .01).

Gender was the most pervasive background influence on the respondents’ worldview. However, it

was a factor in the response to only five of the thirty statements used. Eight of the twelve
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statements that had a different response set were drawn from the set of queétions designed to_

elicit discourse #2. This suggests that from many perspectives, beliefs implicit in discourse #2 are

likely to be the most contestable.

In real life, individual responses to these statements are.unlikely to fall neatly into any one category

of this or any other typology of worldviews. The respondents may more or less support any of

these discourses. The worldview typical of any groUp is more likely to be a composite, drawing

from all the belief sets. Moreover their worldview is Iikely to be influenced by contextual

considerations.

Téble 8.7 describes the typical worldview of the respondénts. The average score was calculated

for the response to each statement, and the set of statements with most significantly different

responses (usually two for agree, and four for disagree) were selected. The typical respondent"is

likely to agree with the left-hand list of statements and disagree with the right-hand list of

statements.

Tqble‘8 7T

Orientation

Q17 We have to protect the environment for our

ical Worldview of Res' ondents -

Q10 Contmued economic growth and

children and grandchildren, even ifit means ~ | technological innovation is the key to
reducing our standard of living today.- improving our living standard.
Concerns Q6 We cannot rely on the functioning of markets | Q18 Governments should not restrict peoples’

or goodwill of individuals to protect our health or
the environment.

personal freedom or their lifestyle choices.

Perceived Risk

Q22 Modern technology poses serious nsks to
the environment

Q27 The so-called “environmental” crisis
facing society has been greatly exaggerated.

Nature Q4 Nature may be resilient but it can only absorb | .Q13 Nature will recover in the long run from
$0 much damage ' any harm caused by humans.
Other Species Q11 Plants and animals have the same right as | Q23 If humans do not have a particular use for

humans to exist.

a species they shouldn't worry about it
becoming extinct.

Resource Management

| Q5 We should \)oluntarily adopt a simpler less

materialistic way of life in order to save the
environment.

Q1 The Earth has plenty of natural resources,
if we can just learn how to develop them.

Social Control

Q14 Companies won't protect the envnronment
until the law forces them to do something.

Q30 Private enterprise is more likely than
government to find solutions to environmental
problems

Role of Experts

Q26 There is so much disagreement among
experts that it is hard to know who to believe -
about the environment.

Q7 We should leave the tough decisions about
the environment to the experts

Learning & Decision-
Making

Q8 Itis often less costly to prevent
environmental problems than to fix them.

Q12 Humans will eventually learn enough
about how nature works to be able to control it.

Risk Taking

Q24 |t is unfortunate but acceptable if some
people loose their jobs or have to change their
line of work for the sake of the environment.

Q16 The public should be prepared to accept
some environmental risks if they want to have

‘| a more prosperous economy
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. Four sets of statements contrast discourse #1 with discourse #2. They are perceived risk, role of
“experts, learning and decision-_making, and risk taking. These statements reflect opposition to
‘what has been called the dominant social paradigm or busingss as usual.

Another set of statements, orientation, other species, and resource management, contrast
discourse #1 with discourse #3. These statements reflect a strong commitment to conservation
and protection as opposed to economic growth

The remaining statements, concemns, nature, and social control, reflect supp‘ort for or opposition to
rules protecting the environment. These statements contrast discourse #2and discourse #3 |

The fihdings suggest that if ecosystem experts have a common erid_view, then risk
communication with groups who do not share that worldview may be difficutt.

The re‘spondent’s current position (One-way ANOVA, F-test significant .02) and previous

- employment (One-way ANOVA F-test significant .01) were the only significant indicators of the
respondents’ inciination to agree or disagree with the statenients in Table 8.7. This suggests that
the institutional and professional contexts in which experts work have a significant bearing on the
formation of their worldviews.

The interview subjécts were also asked whether or not values, moral or ethical coricéins had ‘any
role to play in scientific assessment (Ouestion 9). Almost 90 percent of the experts said they |
thought values h‘ad arole to play. Although they thought science was only a tool, in their

“experience, assessment sciences were value-based, and experts were called upon to make value
jU’dgements in their work. They thought that experts should do a be,tter'job in making these \ialues ,
explicit. Only 10 percent thought science should be value-free. They were uncomtfortable with |
scientists acting as advocates, and thought risk assessment and risk management should be
separate phases of decision-making. |
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8.6 What are the Major Threats to Ecosystems?

The experts were invited to comment on what they thought were the driving forces of environmental

‘change and whether or not they were significant, ,globally, nationally or within their local region
(Questioh 11). |

Table 8.8 ’Dr'ivigg Forces of Ecosystem Change

it

e Population Growth _ 36 71 Global
o Lifestyles & Consumption - - 33 65 National-Local
e (Climate Change _ . 25 49 Global
e Pollution — air & water 20 39 Global

"o Qver harvesting fish & wildlife ‘ 19 37 Global-National
e Land use conversion ' - 19 | 37 National-Local
¢ Biological invasions ' 16 31 ~Global
e Resource depletion 15 29 Global-National
e Poverty & hunger 14 | 28 : Global
e Urban sprawl ' 14 28 National-Local
¢ Public attitudes : 14 28 . National
e Energyuse - 12 24 Global
o Overuse of fertilisers 11 | 19 National-Local
e Solid waste disposal 9 18 National-Local
e Trade ' ’ ' 9 18 Global
o Industrialization 8 16 Global

Population growth and consumption were identified by most as the main threats to ecosystems and
the driving forces of environmental change (see Table 8.8.) Many respondents who chose
population growth and consumption said that all other threats to the environment were derived fro‘nﬁ
- them. Some respondents also contrasted western lifestyles and consumption with the poverty and
hunger in the third world. Climate change was another major p'reocCupatioh, with about fift'y
percent of the respondents selecting it. What is clea'r is that most of the experts thought that the
dri\)ing forc'es of environmental changes are now more Iikely to be global or national than strictly

regional in scale.

8.7 Eco-Mental Models of Risk - One or Many?

During the second stage of the survey, the respondents were asked to define what eight different
eco-concepts meant to them. These eco-concepts were discussed during the first stage of the

survey, and are commonly used in the literature of assessment sciences without any clear or
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cohsistent definitions. The respondents were asked to use a common set of assessment criteria to
describe how several eco-concepts or types of ecosyStem’s differed from one another (see Table
8.3). These criteria were developed during the first stage of the survey. '

Each assessment criterion was .presented as a range of values between two contrasting
conditions. Conventional semantic differential scales usually ask you to say how much you agree
or disagree with a particular statement or how important so'm'ething is to you. Instead, a ‘repertory
grid scale contrasts two different conditions. ‘When some people think about habitatZ for ex'ample, |
they may' think that a certain amount of connectivity is neceséary and that habitat fragmentation is |
something we should avoid. Connectivity is contrasted with fragmentation. So for example, in
thihking about an eco-concept such as Biological er Ecological Integrity, they may think thata
habitet with integrity is more likely to be interconnected rather than fragmented. In thinking about
an urban or industrial area, they may think that habitat in vsuch an area is more likely to be
fragmented than interconnected. The respondents rated each concept on 32 criteria using a five-
point scale (see Table 8.3).

The second stage of the survey produced 42 completed elicitations. Thirty-three respondents
completed the web-based version of the survey, and nine experts who were previously interviewed
-used the web-grid software to complete the survey. There was no sighificant difference in the
respohse to either form of the survéy; _that is o say, the responses from each form of the lsurvey
were highly consistent with the overall results described below. |

Each pair of grids was compared to determine the amount of consensus or conflict. Figure 8.3
provides an exatnple of grid comparisons for respondents 176 and 80. The matrix summarises the
“differences in the ratings they assigned to each.of the eco-concepts. -Zeros indicate consensus.
Complete disagreement would be indicated by differences of three or more points in the scores
aésigned to particular criteria. The graphics that a‘c_c‘ompany the matrix show that there is over
eighty percent consistency in the way the respondents used the assessment criteria, and in their

ratings of the eco-concepts.
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The respondents in general described the eco-concepts in a highly consistent way, indicating there
is a high degree of consensus about what each of thé’concepts meant. Table 8.9 shows that with
one exception there was over eighty percent agreement in the way each concept was rated. This

finding indicates that there was substantial consensus about the meaning of each eco-cohcept.

: Tab|e 8. 9 Expert Agr‘eemen'r in the Use of the Assessmen‘r Criteria
) ToDescmbe ‘rheEco CONCJ)TS

_Na‘rur‘al 83.4% 75.8% 84.4% | - 89.9%
Eco-Integrity 83.6% | 809% | 844% |  903%

| Eco-Health 81.4% 81.3% 81.9% 93.0%
Sustainability | 82.8% 82.5% 836% |  92.6%
Resilience 81.2% 77.4% 80.9% 90.6%
Carrying Capacity 81.7% 77.0% 81.9% 91.1%

‘| Monocultures 71.2% 69.9% 70.8% 82.8%
Urban/Industrial 81.5% 75.0% 818% | 90.2%

1. For each pair of grids there had to be at least 80% agreemeht in the use of the 32 criteria to rate the same concept

: The eco-concepts are themselves highly interrelated (see Table 8.10). For example, Ecosystem
Health has matching scores 96.1 percent with Sustainability, and Carrying Capacity. That isto say
the respondents, using a common set of assessment criteria, rated these concepts in very similar

waiys. Urban/industrial is most strongly related to Monocultures, and not to the other eco'-concepts.

Table 8.10 Percentage Agreement Amoqg_Eco ConceETs :

100 96

1. Carrying Capacity 58
2. Monocultures - _ 100 59 59
.3. Ecosystem Health- ————- 100- 96

4. Sustainability * 100

5. Natural/Pristine

6. Resilience

7. Ecological Integrity
8. Urban - Industrial

100 45

100

1 The matching score for a pair of eco-concepts is the percentage agreement in their ratings on 32
assessment criteria
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Even with a substantial consensus about the meaning of the concepts and use of the assessment

- criteria, experts may still use them in different ways. The SocioNet functiohsof RepGrid were used .
to examine the |inkages among the respdndents’ repertory grids in an effort to identify subgroups of
like-thinking individuals who made similar distinctions about the concepts, and to identify

individuals with strongly idiosyncratic vtewpoints who fell outside any grouping.

The SocioNet analysis was only based on the cemplete responses of 35 individuals because the
outcome would be strongly mfluenced by the respondent’s decision not to rate a particular eco-
concept or to leave a partlcular criterion blank. Figure 8.4 reveals that there were four distinct
‘groupings centred on respondents 176,196, 118, and 192. The linking arrows indicate which
respondents rated the conceptsina corresponding manner. A solid line indicates that there was
an 80 percent correspondence for 100 percent of the linkages between the eco-concepts, and a
broken line indicates that there was an 80 percent correspondence for only 80 percent of the
linkages. Although respondent 125 fell just below the cut-off point, he would be linked to
respondent 176. However, respondents D3 and 127 were not strongly linked to other respondents.

- Itis possible to make some limited comparisons of the patterns of linkages within each group. For
example, the strongest Ii'nkages among members centred on respondent 176 were for Ecelogical

: Integnty and Ecosystem Health. In the case of the group centred on respondent 118, the |
predomlnant linkages were for Carrying Capacity. The linkages for Sustainability and Resilience
were also strong. For almost all the respondents linked to respondent 196, the strongest linkages
-were for Natural/Pristine. The linkages among the remaining grouping, centred o'n_ respondent 192,
were a mixture of Natural/Pristine, Ecological Integrity, and Ecosystem Health, without any
conceptual preferencebeing clearly dominant . '

The FOCUS cluster analysis (Figure 8.5) examined whether or not there was a hierarchical
structure of relationships among the eco-concepts and assessment criteria. The analysis showed
that the concepts and criteria were very trghtly clustered and therefore very strongly related The
linkages fell for the most part within a range 0f 90% to 100%.

1 Interview subjects are identified by alpha-numeric designations, and survey respondents are |dent|f|ed by numeric
designations.
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The graphic in the lower right hand cormer of Figure 8.5 shows that Ecosystem Health,

- Sustainability, Carryihg Capacity, Ecological integrity,‘ Resilience and NatufaI/Pristine were very
tightly clustered (with a matching scores over 90 %) and therefore very similar concepts. ‘Urban/
Industrial and Monocultures formed another cluster that Was not. as tightly related (with a matching
score of 82%). This cluster anaiysis sﬁggests that the eco-concepts describe ecosystems that are
either relatively undisturbed or those that are heavilly impacted by humah acti\/ity. | It appears that

the eco-concepts function as members of two contrasting metaphoric categories.

Twelve ciusters of assessment criteria were identified (see Table 8.11). FOCUS computes the
inter-construct distances and arrays the constructs by their degree of similarity. The linkage - :
beiween the pairs of criteria, in most cases, does hot seem to be spurious, and appears to have
face \)alidity. The criteria themselves do not appear to be redundant. The assesément criteria are
so highly in’tercohnected that individual criteria may contribute véry litle additional information to

decision-making and may lead to similar choices and outcomes.

The structure of relationships among the eco-concepts assessment criteria is flat rather than

: hierarchical, meaning that they function as a classification scheme rather than an inductive mode.
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Table 8.11 FOCUS Clusters® of Assessmen‘r Cr'l‘rer'la

Reduced range and species-at-risk -

Cluster # 1 o Water in short supply and species-at-risk
-o  Nutrients released or exported and age distribution skewed
Cluster # 2 e Smaller shorter lived life forms and nutrients released or exported

Smaller shorter lived life forms and population growing or declining
Population growing or.declining and disease spreads

Cluster # 3

Cluster# 4 |

Physical structure simplified and food webs simplified

Decreasing biomass and people indifferent

Metabolic processes disrupted and people indifferent

Vulnerable - shift to new cycle and fresh water in short supply

Cluster # 5 » Range reduced and age distribution skewed
o Trophic structure unstable and disease spreads
Cluster # 6 o Low reproductive success and high mortality rates

o Respiration and species composition changing ' ‘

. Metabollsm dnsrupted and resilience

e Simplitied physical structure and invasive species

e Decreased genetic diversity and an unstable trophic structure

Cluster #7 o Decreased genetic diversity and simplified food webs
¢ Invasive species and extensive or severe disturbance
o  Extensive or severe disturbance and high level of contaminants -
_ e Climate warming or cooling and human population grows
Cluster # 8 o (limate warming or cooling and high mortality rates

e Low reproductive success and species compasition changing

. Decom osition and res lratlon

Cluster # 9

. Specnes rare or endemlc and small patch size

e Habitat fragmentation and high level of contaminants

Cluster #10

e  Profound large scale land use change and substantial human harvesting & use

_Population growmg or decllnmg and substantial human harvestlng and use

Cluster # 12 ] e  Habitat fragmentation and profound large scale land use changes '

1 FOCUS computes the inter-construct distances and arrays the constructs by their degree of similarity.
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The principal components analysis (Figure 8.6) shows that all the natural scientific eco-concepts,
such as Ecologrcal Integrrty, Ecosystem Health, Sustarnabrlrty, Carrying Capacrty, and Resilience
are tightly clustered, and therefore very srmrlar Together with NaturaI/Prrstrne they fall very closeto
one of the principal axes. Urban/lndustrral and Monocultures are distinct concepts because the
spread from the prrncrpal axes is greater Because of the bipolar nature of the criteria, the-meaning
of Natural/Pristine, Resilience, and Sustarnabrlrty appears to contrast wrth that of Urban/lndustrral
The meanings of Biological/Ecological Integrity, Ecosystem Health, and Carrying Capacity appear to
contrast with the meaning of Monocultures. Because the natural scientific concepts are clustered |
around the_-horizontat axis, a more likely interpretation is that the set of criteria-on the right h‘and side
‘of the diagram more or less describes all of these concepts. The same interpretation will hold for
the criteria on the left hand side of the diagram to a lesser extent because the sp_read between the

concepts is greater. This finding were pursued in greater depth in the INDUCT analysis.

The first component of the principal components analysis accounted for 85 percent of the variance
(see Table 8.12) and seems to contrast natural‘and_ human impacted ecosystems. Urban/Industrial
and Monocultures had the highest positiye loading. Natural/Pristine and Biological/Ecological
vlntegrity had the highest negative loadings. The following assessment criteria had loadings of over
seventy percent on the first component. Positive loadings included: 1) predominahtly-native '
specres 2) complex physical structure 3) complex robust food web, 4) no direct human use or
|mpacts 5) resilient. Negative Ioadrngs included: 1) habitat fragmented or lost, 2) large scale land
use change, 3) high level of contaminants, 4) extensive or severe disruption, and 5) decreased

-genetic diyersity.

The other co’mpon_ents were not significant. Monoculture was the primary concept associated with
“the second component and Resilience was associated with the third component. None of the

assessment criteria had significant loadings on the second or third components..
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Figure 8.6 PrinCom Map' of the Respondenté’ Use of the Assessment Criteria to Define the Eco-Concepts
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Table 8.12.Pr'in'cipa| Components Analysis of the Respondents’ Use of
_the Assessment Criteria to Define the Eco-Concepts

compon:

1. Carrying Capacity *-0.541 -0.190 0.094° 0.239 -0.047 0.304 -0.048
2. Monocultures , * 42972 0.710 0.141 0.021 -0.003 0.035 0.024
‘3. Ecosystem Health : *-0.577 -0.086 0.037 0.307 -0.180 -0.184 0.144

I 4. Sustainability : | *-0.510 0.057 -0.022 0.126 0.149 -0.159 -0.233
5. Natural/Pristine * 12437 0.057 0.291 -0.347 -0.216 -0.013 -0.030
6. Resilience *-0.351 0.122 -0.640 -0.120 -0.074 0.042 0.017
7. Biological/Ecological Integrity . *-0:888 -0.050 0.079 -0.098 0.388 0.012 0.137
8. Urban/Industrial : * 2.331 -0.619 0.020 -0.128 -0.017 -0.037 -0.010

. Physical Structure 0’888 0. -0.105 0.021 -0.046
2. Climate Change *0.356 -0.175 -0.113 0.083 -0.166 0.078 0.093
3. Disturbance Regime. , *-0.828 0. 0.202 0.050 -0.042 -0.009 -0.051
4. Patch Size *-0.617 0.294 -0.069 0.158 0.026 0.047 0.0086
5. Connectivity . *-0.950 0. 0.042 0.059 0.083 0.217 0.034
6. Nutrient Cycling * 0.593 0. 0.110 -0.093 -0.019 -0.002 0.021
7. Decomposition ' *-0.175 -0.204 -0.036 0.125 -0.087 -0.138 0.096
8. Resilience 0.230 0.110 0.123 -0.020 0.032

. 9. Biomass . ) 0.157 0.155 0.054 -0.002 -0.016
10. Productivity * 0.025 -0.340 -0.042 0.065 -0.007 -0.045 -0.027
11. Trophic Structure ' *-0.654 -0.059 -0.083 0.050 0.210 0.009 0.088
12. R-k Strategists : *-0.593 -0.046 -0.110 0.093 0.019 0.002 -0.021
13. Food Webs ‘ * 0.888 0. 0.032 0.110 -0.105 0.021 -0.046
14. Succession * 0.049 -0. 0.178 -0.012 0.030 -0.072 -0.041
15. Species Abundance - ' *-0.691 -0.032 -0.011 -0.058 -0.086 -0.006 -0.045
16. Invasive Species . * 0988 0.055 0.066 0.011 0.077 0.005 0.056
17. Population Dynamics 1 *-0.593 -0.046 -0.110 0.093 0.019 0.002 -0.021
18. Age Distribution : * 0.593 0. 0.110 -0.093 -0.019 -0.002 0.021
19. Range ‘ *-0.691 -0.032 -0.011 -0.058 -0.086 -0.006 -0.045
20. Niche Specialization * 0.284 -0. 0.046 -0.007 -0.039 0.146 -0.054
21. Reproductive Success * 0.284 -0. 0.126 0.148 0.134 -0.041 0.002
22. Metabolic Processes *-0.556. 0. 0.038 -0.049 -0.088 0.016 -0.026
23. Disease/Deformities : *-0.593 -0. -0.110 0.093 0.019 0.002 -0.021
24. Mortality * 0.345 -0.191 . 0.099 0.191 -0.056 -0.043 -0.107
25. Genetic diversity : *-0.728 -0.228 -0.159 0.084 0.021 -0.020 -0.040
26. Human Population Growth * 0.652 -0. -0.057 0.037 -0.175 0.077 0.103
27. Harvesting/Use L * 0.852 0.030 -0.116 0.252 0.002 0.007 -0.040 .
28. Land Use Changes *-0.904 -0.132° 0.381 0.039 -0.077 0.043 0.103
29. Fresh Water Supply * 0.691 0. 0.011 0.058 0.086 0.006 0.045
30. Pollution . *-0.892 0.105 -0.005 0.132 -0.167 -0.099 0.078
31. Affinity *-0.532 0. 0.257 0.004 -0.052 -0.010 -0.040
32. Familiarity , *-0.123 0.207 -0.039 -0.048 0.031 -0.169 0.046
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WebGrid’s INDUCT module does not look at a grid as a set of vectors in space but uses fuzzy set -
- theory to assigo truth-values to logical predicates. The concepts can be considered to be subjects
and the criteria can be considered to be predicates describing the subjects. The INDUCT analysis
of the eco-concepts and criteria represents them as sets of classes and rules that can be drawn as
a directed graph. _ln preparing Figure 87 a cut-off point (truth-value of 100%) was used.. There
were no differences in the assignments made throUgh simple induction, .EDAG (rUIes with

exceptions), or RDR (ripple-down rules). There was only one error in assignment.

INDUCT assigned the eco-concepts and criteria to two mutually exclusive categories corresponding
to human impacted and natural ecosystems. Urban/industrial and monocultures shared 21 criftéria in

common. The other natural scientific eco-concepts shared 20 criteria in common. |

Urban/Industrial ecosystems were distingu‘ished‘_from other eco-concepts by the following criteria: -

Climate warming or cooling
Small habitat patches
.Biomass decreasing
"Respiration

Species composition changing
Rare or endemic species

Low reproductive success
Metabolic processes disrupted
High mortality rates -

People are indifferent

Only three- criteria uniquely distinguished Monocultures from other eco-concepts: |

e  Bioaccumulation
e Production .
e Regenerate to the same species

NaturaI/Pristine accounted for 8 out of 10 of the remaining scientific-criteria. Moreover the residual -
criteria that distinguished EcdlogicaI/BioIogicaI Integrity, Sustainability, and Carrying Capacity from
other eco-concepts were o'verlapping‘ subsets of the criteria used to characterize Natural/Pristine.
Resilience also overlapped to some extent with the criteria used to describe N}aturaI/Pris'tine but
was uniquely distinguished by the one criterion: Regenerate to the same species. Ecosystem

Health also overlapped with Natural/Pristine, and also had orie unique criterion: Decomposition.
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Urban J Industrial

2. Climate warming & cooling
4. Small habitat patches
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Urbanindustrial - Monocultures

1. Simplified physicalstructure

3. Extensive or severe disturbance

5. Habitat fragmented or lost

B. Nutrient release or export :
8. Vulnerable - shift to new state or cycle

14. Species composition changing
20. Rare or endemic .
21. Low reproductive succass

22. Metabolic process es disrupted
24, High morality rates

31. People indifferent -

Monocultures
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‘(NaturalPristine - Ecological Integrity
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¥
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Figure 8.7 INDUCT Analyses of Eco-Concepts and Criteria



The criteria used to describe Natural/Pristine were

Minor variation in disturbance regime
Biomass increasing
Human population constant/declines
High reproductive success

-~ Low mortality rates
No direct human use or impacts
Minimum small scale land use change .

8.8 Possible Effects of Survey Error and Non-Response

There are three sources of survey error (GroVes, 1989). Sampling error goes io_the survey
coverage and how representative is the sample of the population about which you want to draw - -
inferences. Measurement error addresses the issue of the reliability and v'alidity' of the data. Noh-
résponse deals with the poténtial for bias:

-8.8.1 Coverage

- Strictly épeaking both the ke_y informant interviews and web-based questionnaire surveyé are

| convenience samples. In most cases, research of this type'is undertaken with small groups, such
as university students in a classroom setting, or in uncontrolled situations, where respondents self-
.select or volunteer to partiéipate in the survey. Convenience samples are not fan_domly selected
so it is well nigh impossible to draw statiStiCaI inferences or reach general conclusions. However,
convenience samples are useful for developing research hypotheses, defining range of
alternatives, and for qualitative data analysis. With certain assumptions, _cohvenien‘ce samples can
be useful for testing model-based inferences such as fuzzy member_ship functions and induction

(Schonlau, Fricker & Elliott, 2002). | |

As described in chapter six, research methods, nothing much is known about the characteristics of
the population of experts who think and act in terms of ecosystems. An effort was made to ensure
that the interview subjects inbluded as diverse group of experts, representing a cross section of
viewpoints about ecosyétem risk. Steps were also taken to ensure that é variety of regioné and
institutional settings were represented in the sample. A much broader group of respondents was

reached during the second stage of the survey, through mailings to Internet discussion lists. The
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dlscusswn lists were chosen because of their subject matter content and were selected from ,
comprehensrve Internet list servers or directories that are updated regularly (see Appendix 10).
Internet surveys are well suited for larger survey efforts when the target population is difficult to
‘reach. (Schonlau, Fricker & Elliott 2002)

Current}ly the biggest concern with web-basved‘ surveys is coverage bias (Sbiomon, 2001). The
coverage is réestricted to individuals with accese to_eomputers. For exemple University faculty, and -
students artd government personnel are likely to have better access to the Internet than business

| péople or community activists. Another potential source of bias is differences in the respondents
experrence and personal comfort level using Internet tools such as web browsers. For example,
younger people may be more comfortable respondrng to the survey than older people. The self-
selected nature of response to web page-based surveys may also etfect the types of conclusions
that may be drawn from them (Schillewaert, 'Langerak & Duhamel, 1998). o

The Web is a public place and itis possible for anyone to respond to the survey. Moreover,
respondents may mistakenly or purposefully submit multiple copies of their responses. These
particular problems were dealt with through the survey programming. Respondents could only
ec_Cess the WebGrid version of the survey throthh blind splash page and their e-mail address was
tracked. The fixed form of the survey also tracked the respondents e-mail address and did not |

permit the potential subjects to submit multiple responses
8.8.2 Validity and Reliability

The validity and reliability of the experts’ rrtental models of ecosystem risk was determined in a
variety of ways. The experts recogrtise and use the mental constructs diScussed in this:study in

~ similar ways. ‘This finding addresses any potential-concerns about logical and face validity. Every
leve! of biological organization in an ecosystem was described using a representative selection of
. eco-criteria thereby ensuring construct validity. The experts’_ mental model of risk is internally
consiste.nt. Test-retest comparisons between stage one and two of the survey yields similar

results, increasing confidence in the reliability of the study’s conclusions.
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Experts recognised and agreed on the meaning of the discourses used to build the worldview
scale, meaning that t.hey have both logical and face validity. The statements used to represent
each cluster of beliefs were drawn from the literature, have been used before, and reliably
-distinguish different groups. Discourse #1 and #3 are internally consistent and négatively
correlated. Different respondenfs contested the statements in Discourse #2. The interview and -

Internet version of the worldview scale yielded virtuélly identical results.
8.8.3 Non-Response

Fifty-one interviews wére completed during the first stage of the survéy. The sutvey response rate
was almost 75%. A total of 67 potential subjects Werev contacted from a mailing to 85 potential -
respohdents (for a contact rate of rate of almost eighty percent.) Seventeen e‘IigibIé respondents
declined or could not complete the interviews (for a non-responsé rate of 25.'4%).

Originally only thirty interviews were planned. Additional interviews were undertaken in an effort to

achieve a more representative selection of subjects.

The interviews took place 'befween the end of January and beginning of June 2004. Most of the
interviews were conducted in person. Only seven of the interviews were conducted by phbne.
Inferviews were cohduCtéd from coast to_éoast. Thev regional distribution of the interviews was as
follows: Central Canada 28, Western Canada 11, Eastern Canada 7 and the United States 5.
Experts from 18 differen't universities agreed to be interviewed. With one exception all the
respondents agreed to the disclosure of their identity (see Appendix 7). Nine of the interview
subjects also completed the second stage of the survey. ' '

Unlike mail and phon‘e surveys (AAPOR, 2005), a standardized method for calculating a non-
response rate to a web-based survey has yet to be developed (Manfreda & Vehovar, 2002). The
WebSM site (www.websm.org) is a resource on web survey methodology. Non-response to

Internet based surveys can be described in terms of the contact rate, click-through rate, 'cdmpletidn
rate, and dropout rate. The contact rate is percentage of e-mailed invitations SUccessfuIIy

delivered to valid e-mail addresses. The click-through rate refers to the percentage of those
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contacted, who actually access the questionnaire. The completion and drop'-out rate refers to the
percentage of potential respondents who complete or fail to complete the questionnaire

Forty-two responses were received to the second stage survey questionnaire, which was posted
on the Internet from mid -September to the end ef November 2004. From various sources, it was
estimated that the initial invitation to particibate in the second stage of the survey reached
approximately 7,500 e-mail addresses. ApproXima_téIy 600 potential respondents accessed the
firSt'page of the questionnaire fora click-through rate of eight percent. Survey professionals

| nlormally expect a click-through rate Qf 1 to 3 percent of the total contacts made for a web-based
- survey (MacElroy, 2000). Although almost two hundred (198) potential respondents provided
personal background data. Only 42 of them completed the elicitation portion of the survey for a
21.2% survey response rate. Response rates to thie type of survey can vary from 20 to 50 percent
' depending on the relevance and interest in the topic (MacElroy, 2000). Web-based surveys tend to
have higher dropout rates than interviews or mailed surveys.

Twelve of the experts interviewed during the first stage of the survey but who did not complete the
WebGrid questionnaire were contacted and asked why they did not respond to the second stage of
the. survey They gave a lack of time and unfammanty with how to answer the questlonna|re online
as the main reasons they had not followed through. -

During the web-based survey, seventy percent of the visitors to the questionnaire web page were
from North America, fifteen percent were from Australia and New Zealand ten percent were from

- Europe, and five percent were from elsewhere

The personal characteristics of intefvieW and questionnaire survey respondents differ (see Table

= '8,13). The interviewees were more likely to have completed a doctorate. Almost seventy percent
had Completed a doctorate compared to less than fifty percent (47%) of the survey respondents (1-
tail test significant .02). The interview respondents were older: 73 percent were over 45 years of age,
while two thirds of the survey respondents were under 45 years of age (1-tail test significant .0001).
Males outnumbered females but a higher percentage of the survey respondents (38%) were female

than of the interview respondents (12%). (The 1-tail test was significant at .0015.)
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- The respondehts also differ in proféssional backgrouhd and experience. Although the survey
respondents were currently’mO_fve likely to be academics (69% compared to 5l%‘ ofthe
interviewees — 1-tail test significant .00003) paradoxically, they had had a broader range of work
experience. For example, less than thilty percent of the survey respondents had only been
academics, compared to over forty percent of the interview‘respondents‘ (1-tail test significant .1).
_Over 25 percent of the survey respondents had business and other work experience compared to
less than six pe“rcent of the interviewees (1-tail test significant .01). The respondents in bofh_ -
samples were evenly distributed among ecology, other ecosyvstem sciences_, and the social and
health sciences. However, persons with a social and health sciencebackground were somewhat
more likely to have answered the survey questionhaires (33%) than to have been ioterviewed |
(26%). (The 1-tail test was significant at 2.) | |

The combined study population is more representative. The shortcomings of the first stage
interview sample are offset to some degree by the second stage questionnaire sUrvey sample. For
example, the respondents in the combined sample are more evenly distributed in terms of age,

- education, discipline and years of experience. However, the study population is still biased in

terms of gender (females are under-represented) and also in terms of past employment (persons

with a business or environmental activist background are under-represented).
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Table 8.13 Res ondénf Characteristics

BA or Less
Masters
Doctorate:

Ecology
Other Eco-Sciences
Socnal & Heal‘rh Sciences

Academlc Only
Government & Other
Business & Other
Advocac' & O‘rher‘

Academlc »
Professional & Consulting
Advocac & O‘rher‘

Under 20 year's
20 years and over

Under 45 years 38 | 452%| 14 |275%| 28 |66.7%
45yearsand over | 4 |548%| 37 |725 | 14 |383%|
Male_ ! 64 |762%| 45 |88.2%| 26 |61.9%

| Female 20 [238%| 6 |[11.8%| 16 |38.1%

-~ It was also possible to assess the impact of non-response to the second stage of the survey by
comparing the characteristics of 42 respondents with :156_non-re.spondents (see Table 8.14 |

“above). The so-called “non-respondents” included everyone who started but failed to complete the
web-based survey questionnaire. Respondents were more Iikely to have a PhD (48% percent of
the respondents compared to 31% of the non-respondents - 1-tailed test sig}nificant at .02). They

“were older and more experienced (33% were over 45 years of age compared to 15% of the non-
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respondents — 1-tailed test significant 003 and 29% had over tWenty years of experience
compared to 15% of fhe non-respondents — 1-tailed test significant .0185).' Survey respondents
“were more likely to be drawn from the social and health sciences, (33% compared to 17% of the
-non-respondents - 1tailed test significant .0115), and Ieés likely to be drawn from other ecosystem
sciences (36% compared to 56% of thé non-respondents - 1-tailed test significant .0105). In other

respects, the characteristics of respondents and nOn-respondents were similaf.

Table 8.14 Comparison of Characteristics of Respondents
& Non-Res onden‘ts To The Web Based Sur've

“LCSS than PhD » TWW :
PhD » :
'DISCIPLINE

Ecology | |
Other Eco-Sciences 15 35.7% 87 55.8%
Socnal & Heal‘rh Saence - 33 + 17.3%

Academic Only _
Government & Other . 13 30.9% 48 30.8%
Business & Other
‘ Advocacz & OTher‘
Academlc
| Professional & Consulting 9 214% | 36 | 225%
Advocacy & OTher‘

nder 20 year's
20 years and over

U _

Pt ~14Non:Respondents
Under 45 years - 28 66.7% 133 85.3%

45 ears and over _ 14 33.3% 23 | 14.7%

| Female
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This type of research is typically based on a sample of university students or professional
employees drawn from within a single organization. Both stages of the survey reached a broader
Cross séction-bf experts than the typical knowledge elicitation study. The participants were drawn
from a broad spectfum'of disciplines and institutional contexts. They lived and Worked in every
corner of the'globe.' The interview and que'stionnaire suNey to some extent offset each other's
shortcomings. The survey provided more respondents with a non-academic background, business
or other work experience. It also provided more respondents with a social or health science

- beckground. Nevertheless, females and persons with a business or activist background are still
under-represented in the study.

Can we say with certainty that persons of one persuasion or another were more or less likely to

- respond to the survey? The answer is no, because we still do not know ,everything we would need
to know about the characteristics of those who share a particular mental model of risk. However,
our confidence in the survey, and the validity of its findings, is increased by size and diversity of the
sample and the way in which it was drawn. |

The respondents are largely drawn from the English-speaking WOrld. Academic and government
ins'iitutions are over represented. If there is any bias it is towards older formally educated male
persons. Persons with little formal education whose expertise is based on extensive practical
experience or traditional knowledge are under represented. Although business and-environmental
groups are underrepresented, many respondents had experience that crosscut multiple institutional
spheres. The fespondents were preoccupied with environmental rather than social or economic
concerns about ecosystems. | | o

| 8.9 Summary and Conclusions -

The first stage of the survey was used to describe ecosystems and elicit assessment criteria from
“experts describing those aspects of ecosystems they felt should be conserved, managed, or

protected. The experts were asked to identify threats to regional ecosystems and to evaluate the

relative importance of different driving forces of ecolegical change. They were also asked to

identify eco-concepts they would prefer to use to assess risks to ecosystems. ‘During the second
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s_tage of the survey, the respondents were asked to define what these eco-concepts meant to them
using a common set of assessment criteria developed from the expert interviews. The analysis of
“similarities and differences confirmed that the concepts have much in common. -

Experts were more inclined to think of an ecosystem as a dynamic set of processes and functions
than a real place. They were less inclined to think of it as a system. Experts proposed a wide
range' of assessment criteria, including biodiversity, the cyc'lirig of materials and energy, and ‘
important functional relationships. Social considerations and criteria applicable to organisrhe_ were

less frequently mentioned.

Population growth, consumption and life styles were identified as the most impor_tarit drivers of -
ecological change. Most of the threats to ecosystems were thought to be global and national
rather than regional in scope |

In comparing and contrasting different eco-concepts, the experts found more similarities than
differences. The most important differences appear to be whether the ecosystem is either
- relatively pristine or impacted by human activity. Other important distinctions were whether the

eco-concept is highly.subjective or measurable or whether it is a popular or technical term.

Ec'oiogical Integrity was overwhelmingly chosen as the preferred eco-concept. Those who selected
Ecological Integrity were younger, less likely to have a PhD, and had less work experience. Most
respondehts shared an egalitarian worldview. Those who shared other worldviews were more
likely to prefer other eco-concepts. Professional background and current position were si_gnificant‘
determinants of ih_e respondents’ worldviews.. ' ' '

Persons who endorsed the beliefs of discourse #1 were more likely to disagree with the beliefs of
discourse #3. The beliefs of discourse #2 may be mere contestable, because they drew a mixed
response, depending on the_respondenis’ personal background characteristics. If the experts do
not share worldviews, risk communication may be more difficult. | '
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Ecosystem experté generally believe that science is value-based and that scientists should do a
better job of making these values explicit.

Despite the profusion of eco-concepts, the respbndents abpear to share a common mental model
of ecosystem risk. There was over eighty percent consensus in the way the respondents used the
assessment Criteria. The assessment crite‘ria‘were so highly interconnected that indi‘vidual criteria
contribute little additional information to decision-'maki»ng and may lead to similar choices and
outcomes in many circumstances. The relationship among the eco-concepts is flat rather than

| hierarchical. Consequently, the eco-Concepts appear to function as a classification scheme rather
than as an inductive model. individual eco-concepts appear be members of two contrasting |
metaphoric categories, distinguishing natural from human impacted ecosystems. The only

. 'conclusion was that the experts were inclined io think in most circu_rhstances that the various

‘natural scientific eco-concepts have very similar meanings.
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9.0 DISCUSSION

In this chapter the findings, strength and limitations of the study, and implications for future
research are discussed.

9.1 Experts Share a Common Mental Mode! of Ecosystem Risk

The experts appear to share a common underlying mental model of ecosystem risk.

- The FOCUS ahalysis identified two clusters of eco-concepts (see Figure 9.1). The natural scientific
eco-concepts (i.e., carrying capacity, biological infegkity, ecosystem health, and sustainability) are
SO tightly clustered (90%-100%) that they are more than likely equivalent concepts. Urban/

~ industrial systems and monocultures are less tightly clustered (85%). Resilience appears to bridge

: the two cIusters '

Urban/lndustnal.‘..'.‘....‘.;h;.‘.:.., .........
MONOCUIUIES. ..o, T R
Resilience.................... SO .......... R
.Carrying Capacity......0............. T e, -
Ecosystem Health..,......co......... e e
Sustamabmty..,.:f.;.v.,,'.-'.'...5.'.;.-.".".' ....... ..... ¢
~Biological/Ecological Integntyr e
Natural/Pristine................. ISR

Ul o~ .b'uj Ny m‘-m'm'” U

Figure 9.1 FOCUS Clusters of Eco-Concepts

One underlying compdnent or dimension accounted for 85% of the variance in the data (see Figure
9.2). It appears to contrast natural and human-impacted systems. Most of the eco-concepts are
very tightly clustered around the horizontal axis. The spread between urban/industrial systems and

monocultures at the contrasting pole of the axis is greater.
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. Monocultures ™

" gﬂé‘tqraI:*Pristine'

iulodicalecolog ical .Ihtegr ity
mHealth ... -0

Urban/Industrial X

Figure 9.2 PrinCom Map of Eco-Concepts

The induct algorithm fevealéd the relationship between the eco-concepts and the criteria. The
Eco-concepts can be assigned to two contrasting categories. That is to say, with one exception

the assessment values of the eco-criteria describing one éategory are the opposite of the other
category. Moét of the criteria describing a category are éhared in common by all the eco-concepts o
in that cétegory. In partic_:ular; sustainability and carrying capacity are equivalent concepis. They

are a subset of natural/pristine. Ecological integrity is also a subset of natural/pristine. Only a

single criterion distinguishes each of the remai'ning eco-concepts, resilience and ecosystem health,
from the other eco-concepts.. For resilience it is the capacity to re'generate to the same species,

and for ecosystem health it is decomposition.

The structure of relationships amohg the eco-concepts and a’sSessmen.t criteria is flat rather than -
hierarchical, meaning that they function as a classification scheme rather than an inductive model
(see Figure 9.3). Consequently the ecd-conkce‘pts generate few derived distinctions, and are
unlikely to generate testable hypotheses. | '

There are two contrasting sets of eco-concepts. The members of the natural set of eco-concepts
are proxies for a very similar type of ecosystem. They are not logically interrelated. Therefore
Karr's claim (1996) for example, that ecosystem health and ecological integrity are not the Same,

and that they represent a continuum of ecosystems from relatively pristine to human impacted

systems is not supported by the data.




~ Hierarchical

‘Figure 9.3 Metaphoric Categories or Inductive Models?

Thirty-two eco-assessment criteria were elicited as bipolar constructs. The crite_ria encompass all

~ levels of biological organization, and provide a comprehensive guide to tfhe assessment values of

concern to experts. When the experts used the eco-assessment criteria to describe different eco-
concepts, only two poles of the constructs were not in play: minimum climate variability and lack of

familiarity or knowledge.

For the most part these constructs are effects-based. ‘They' provide a gdod basis for the
devélopment of monitoring and assessment endpoints or indicators. The exact selecfion of
endpoints or indicators being monitored depends wil|.'depend on the' values at risk. The role of the
decision-maker is to decide whether or not these changes are acceptable. It is important to
develop an assessment approach that balances protéction and detection with reversibility and
relevance (Munkittrick, 2004). Society needs sufficient warning to adapt to ahy unanticipated

consequences before they become irreversible.

- Although the assessment criteria do not appear to be redundant, they are so highly interconnected

that individual criteria may contribute very little additional information to decision-making and may
lead to similar choices and outcomes. Although ecosystems are complex systems, in most cases
only a few criteria may be needed to detect significant changes in their structure or functioning.

The Nature Watch approach (www.naturewatch.ca) to ecologicél monitoring (e.g. frog'watch, plant

watch, ice watch) may be a more appropriate strategy for detecting signs of emerging problems at
this stage than more complex scientific assessments or modeling. |
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- Because the eXperts use the eco-criteria in similar ways, and cannot disting_uish one eco-concept
“from another they appear to share a common mental model of ecosystem risk. ’ |

9.2 Ecosystem Experts Share a Common Worldview

The experts also appear to share a commoh worldview. Eighty percent of the respondents
endorsed the core beliefs of discourse #1. Over three quarters of them were also likely to oppose
the core beliefs of discourse #3. These discourses contrast common environmental and economic
belief sets. Consequently ecosystem experts may experience some difficulty in risk -

communications, when their audience does not support or share their beliefs.

DiscourSe #2 prdvoked the most controversy. Response to specific statements also varied by
background characteristics such as gender. For example, females were rhore likely to agree that
we are approaching the _Iimits of the number of people the.earth can support, that compahies will
not protect the environment until the law forces them to do something, and that modern technology |

- poses serious risks to the environment.

The typical respondehts’ worldview incorporated beliefs drawn from all discourses. These beliefs
reflect their opposition to business as usual, concern about the effects of sustéined economic
growth, and questioning of rules that govern the marketplace. These findings do not support the
notion that the respondenté’ support for statements drawn from one dispourse would necessarily
exclude support for statements drawn from other discourses. |

The typical worldview described in this study-is compatible with Dunlap’s New Ecological Paradigm
scale (Dunlap et al., 2000). ‘ ‘

Overall the respondent’s worldviews were most heavily influenced by their current position and
previous work experience. This suggests that workplace professional or disciplinary reference

groups may be the primary influence shaping their mental models of ecosystem risk.




79.3 How do you disﬁngUish a good from a bad metaphor?

Worldviews provide the root metaphors for mental models of risk. World hypotheses take an area
of common sense fact and use this as a basic analogy with which to understand other areas of
knowledge (Pepper 1942). No facts lie outside it and nothing can be rejected as imelevant. The
structural characteristics of these root metaphors provide the basic categoriés of explanation and
description. World hypotheses can neither be verified nor falsified. The only requirement for a
world hypothésis is consistency that it does not falsify_ itself, a requirement that many worldviews

- often fail to meet. Otherwise there is no basis for deciding whether a worldview is more useful than
another, much less, whether it is right or wrong (Lovins, 1977).

Metaphors are cognitive tools that afe im_pdrtant in creativé thought and useful as mechanisms of

| discovery (Gentn_ef, 2002; Markman & Gentner, 2001). Metaphors.are developed through analogy,
providing a bridge from the known to unknown. Through the use of metéphors one can exercise
foresight, by applying past experience to future events. Metaphors are commonly used in
communication and persuasion. Conventional metaphors also play an important role in memory
recall and learning. | '

Through the use of metaphors one may draw attention to less obvious but important aspects of a
domain, revealing communalitiés br differences, and helping to detect inconsistencies. These
comparisons may lead to new conceptual developments. In a limited .number of cases, metaphors:
may even provide the map for a new area of knowledge. Metaphors are an inescapable aspect of
language and thought. -

Metaphors are processed by means of structure-mapping compafisons between two subject matter
domains that invite inférencés from the base to the target domain (Gentner, 1983). Domains are |
g psychologically viewed as systems of objects, object attributes, and relations between objects.
Knowledge can be represented as a propositional network of nodes and predicates. The nodes
represent concepts or any other subject matter, and the predicates applied to the nodes express
propositions about the concepts. Attributes are predicates taking one argument, and relationships
| are predicates taking two or more arguments. |
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Scientific metaphors differ from conventional metaphors (Gentner, 1982). They aim to explain and
predict where conventional metaphors aim to evoke or describe. Conventional metaphors provide
richer descriptions with little attention to clarity or consistency. Scientific metaphors provide a
relatively abstract, clear, and coherent description of a system of relations. |

Gentner provides éix evaluation criteria for analogies: 1) base specificity, 2) clarity, 3) richness, 4)
abstractness, 5) scope, and 6) validity (Gentner, 1983). It is easier to identify the important
relationships when the base is well understood. Clarity refers to how rigorously the object " ‘
mappingé.are specified. A violation occurs, if a base node mapé td two or more relationally distinct
target nodes (the‘ one-to-many case) or-if two or more relationally distinct base nodes map to the
same target node. Richness refers to the density or number of predicates that were imported for
every target node. Abstractness refers to the extent to which higher order relations constrain lower
order relations. A mapping is systemétic to the degree that any lpredicate.can.be derived or at
least is partly constrained by others. Scope refers to the number of different cases to which the

metaphor applies. Validity refers to the correctness of the imported predicates. |

: 'The base domain for scientific metaphors should be well understood and fully specified. Good
scientific metaphors should provide one-to-one, not one-to-many mappings. A uséful'metaphor

-should apply to a number of cases and lead to reliable and valid inferences in the majority of these
cases. ' |

Carrying c’apacity is the vmost specific scientific metaphor. It is premised on the n'otiOh of the balance
of nature that suggests scientists can estimate predictable surpluses or loadings. ECo'Iog‘icaI integrity
suggests that we can pick natural benchmarks or acceptable ranges of variation. Ecosystem health
is the least specific, preferring to rely on diagnostic indicators. Carrying capacity isvoften the clearest,
having a mathe_maticél formulation. There is also an index of biological integrity. However, what
ecosystem health or integrity lack in clarity, they often make up for by richness. Ecosystem health '
has a whole landscape or seascape scdpe, while ecological integrity focuses on the survival of

biological commuhities, and carrying capacity focuses on population dynamics.
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However, all three metaphors get a failing grade on the last two criteria, abstractness and validity.
Abstractneés means that we should be able to.model one domain in terms of another, and
generate valid inferences about the future. While it is trué that these metaphors have shaped our
perception of ecosystems, they do not help experts think about ecosystem risk in a simplified
manner or to mentally simulate future events. -

9.4 Mental Models or Mental Muddle

" This study has shown that expert mental models of ecosystem risk conceal fundamental differences

in concerns, scope, causal beliefs and views of science. For example the mental models of risk have
diffefent policy goals. The carrying capacity model is concerned With pollution and waste; the
biological ihtegrity model is concerned with the loss of biodiversity (e.g. species extinctions) and
disruption of global cycles (e.g. carbon, nitrogen), and the ecosystem -he}alth model is concerned with
how we are going to meet human wants and needs in the future. The mental models also have very
different scopes. Carrying capacity focuses on populations and individuals; biological integrity
focuses on communities and species; and ecosystem health focuses on ecosystems and
landscapes. They also have-very different notions of the driving forces of ecological change.
Carrying capacity blames population growth, and Vcons_u'mpt‘ion; biological integrity blames over-
hafvesting, habitat loss, ahd the introduction of exotic species; and ecosystem health blames
monocultures, industrial production and global trade for our environmental ills. Consequently, the

mental models provide shaky grounds for decision-making.

However, without an appropriate integrative assessment framework, it is impossible to judge the
urgency of action or the consequences of inaction. For example, even with all planned mitigation

measures in place, atmospheric concentrations of carbon dioxide will double over pre-industrial

time. These estimates do not fuliy take into considjerati'on the potential contribution of China and

India, who have no obligations to reduce their greenhouse gases and who méy add more carbon
dioxide to the atmosphere than more developed nations plan to remove. Moreover, the lack of

| knowledge about the state of the world’s ecosystems undermines any attempt to evaluate trends.

For example, how can anyone claim that we are in the midst of an extinction crisis, when no one
knows, even to the nearest magnitude, the number of species on Earth? Other drivers, such as
excess nutrient loadings of nitrogen and phosphorous, have received limited attention. The amount
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of phosphorous in agricultural soils has been called a chemical time bomb that is just waiting to gd :
off. What is needed is an assessment framework that will capture how these diverse dnvmg forces
of environmental change may play out from place to place.

The United States EnvirOnmentel Protection Agency (U.S. EPA) has taken the first baby steps -
towards identifying a generic set of assessment endpoints (Suter et al., 2004). In ecological risk
_assessment, endpoints are explicit expressions ef environmental values that should be rhanaged,
conserved or ptotected, operationally defined as the attributes of an ecological entity. U.S.ﬂ EPA |
selected eight to twelve endpoints that ca'n_be estimated using existin_g assessment tools and that :
Treflect current program goals of the Agency. | |

This study_was also able to identify over thirty constructs describing important ecological endpoints,
including many of the same endpoints identified by the US EPA. It is encouraging to note the high-
level of consensus among the experts, about the entities and attributes they thought should be
conserved, managed or protected, and about the use of appropriate assessment criteria. Experts
were able to use these constructs to communicate among themselves. Moreover, use of these

- constructs would facilitate risk communication with a wider public audience. The values

represented by these eco-criteria could be used as the basis for integrated decision making.

Velue—focused thinking (Keeney, 1992) would represent the experts”values as a set of planning

objectives, and define measures to evaluate the achievement of these objectives. The steps in the

process include: (1 )|dent|fy|ng the- |mportant concepts and relationships (2) clarifying the values

they represent, ( ) organizing them'i in a means-ends hierarchy, (3) suggesting possible evvaluatlon

criteria, (4) identifying important working hypotheses, (5) acting on_ them, and (6) learning from
“experience. ' |

Objectives define what matters or what people care about in any decision-making context
(McDaniels, 2000). They should clarify what is valued, suggest the direction of preferehce and
provide a decision-making context. Ecosystem objectives should identify the entity or valued

resource, the attributes to be protected and the desired state (Barton & Sergeant, 1998).

Identification of these generic assessment endpoints or objectives of necessity involves human




values and perceptions (Gentile & Harwell, 1998) and the final selection will reflect societal goals
as well as ecological significance (US EPA, 1992).

The proposed set of objectives should_cover everything that 'matters in making a decision, should
only involve ends that somehow can be controlled or influenced by the choice of alternatives, and
should be both measurable and meaningful.to those who use them (Keeny', 1992). The setof -
objectives should comprise all the ends that are important for the decieion but should exclude the
means - otherwise the objectives would be linked (MoDaniels, 2000). Because objectives
| comprise the fundamental motivations for making decisions, they can be used a number of ways:
- to compare alternatives, to create newer.moreat’tractive aIternatives, and to identify decision

opportunities.

9.5 Strengths and Limitations of the Study

Repertory grids and fuzzy logic are suitable tools for eliciting expert knowledge and modeling
complex imprecise problems in uncertain domains. These methods work well with-linguistic variables
and poorly characterized parameters. They provide the opportunity to evaluate and communicate
assessments using linguistic terms familiar to decision_makers and the public. Moreover,
aporoximate reasoning methods such as fuzzy arithmetic do not require well-characterized statistical
distributions as inputs. Another, key advantage of repertory grids and fuzzy logic is their ability work
with quantitative and qualitative variables, and to cope with muitiple objectives. ‘

- Over 55 hours ’of audio recordings of interviews with respondents were a rich source of insight.
Qualitative analysis allows one to consider and weight the input of individuals in ways that are not

possible in questionnaire surveys.

 This study employed novel methods of elicitation and analysis in a survey setting. Repertory grids
are normally elicited in a lab setting under controlled conditions. Respondents did not find it easy to
apply each of the assessment criteria-to all of the eco-concepts, one criterion at a time, much
preferring to apply all the criteria to a concept at a time. The length of the survey, applying 32

criteria to eight concepts, created respondent fatigue, increasing the number of subjects who did not
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complete the questionnaire, and were eliminated from the analysrs (See drscussron of non-
- response in Chapter 8.) '

The Internet survey used interactive and fixed forms of elicitation. Computer literacy and time
constraints were major factors atfecting. survey response, especially for older respondents using:
the WebGrid form of the questionnaire. Although the fixed form of the questionnatre was
oonstructed used only basic HTML programming, many problems_ of compatibility were |
encountered due the wide variety of computer platforms (e.g., Microsoft, Apple-Macintosh) end :
multiple versions of the software (e.g., ditf'erent editions of Explorer and Netscape browsers)_
employed by respondents Finally, Internet security protocols in some cases prevented
respondents from using active forms such as the WebGrid version of the survey or quarantrned e

mails from discussion lists.

The sample composition and formal nature of repertory grid methods may perhaps contribute the
impression that the study’s conclusions apply only to the world of the professionalty trained or
conventional science. However, this is not the case. The methods used enabled us to elicit mental |
: modets of risk from a more diverse group of ecosystem experts than would have other wise been
possible. Although the study population is not a true random sample |t i vastly superior to the
»convenrence samples normaIIy used for studies of this type

Business protessronals and envrronmental actrvrsts are under- represented in the study populatron
There is some indication from the interviews that experts drawn from a business milieu are more
inclined to practise reductionist science and to express an opposing worldview. Some activists were
innately suspicious of the motives of the investigators and thought the value of ecosystems should
‘not be up for debate or discussion. Activists are more likely to express the aesthetic, ethical or
spirttual values of ecosystems. Greater diversity would have only strengthened the study’s findings
of.a relationship between the respondents’ background, worldview, and mental model of risk.
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9.6 Implications for Future Research

Mental models of ecosystems are mental sketches typically based on longstanding beliefé that
influence real life decision-making (Kempton, Boster & Hartley, 1994). They can be used to

facilitate learning, (Gentner & Stevens, 1983) to help frame decisions (Kahneman, Slovic &
Tversky, 1982), and to help design messages (Morgan et al., 2002). '

The ecosyster'n concept should be explored in context and in greater depth. When people talk

" about ecosystems are they talking about the same things? Some people think about ecosystems
as places (the Georgia Basin) or in terms of the parts (e.g., grizzly bears, salmon) or process (€.g.
seasonal migration, fishing down food webs). If the concept is going to provide the basis for law
and public policy, it is going to have Ito achire more rigouf.

For some we live in an age of ecological crisis, while others remain blissfully unconcerned. How

do experts judge relative risk, the temporal scale, magnitude and severity of the changes to the
Earth’s ecosystems? Should we become concerned over the death 'of an organism, or the loss of

a species or a guild? Is i_‘t thé_ charismatic species of the world that matter (e.g., pandas) or the
sm.allvcreatures at the base of the food chain (e.g., diporeia”or‘krill)? What do a couple of degrees |
of climate change here or.there matter? At what point are these losses or changes not recoverable
or reversible? Understanding tne way experts frame these issues would help decision makers

evaluate the urgency, possibility, and vigour of any response.

A small group setting in alab would allow for a more in depth exploration of experts’ conceptual

- systems. Experts drawn from different backgrounds should be asked to explain how a particular

risk affects-an ecosystem. They should be asked to evaluate a variety of ecosystem risks. The
selection of risks should invblve different levels of biological organization (e.g. landscapes,

- communities, species, populations, and individual organisms). The experts would then be asked to
exchange their repertory grids with other experté and to see if they can reconcile their differences.
This exercise would be repeated for a number of different types of risks. The experts would then be
asked to fill out a common grid for each type of risk. Subséquently, the degree of conflict, contrast, |
correspondence, and consensus in the results wouldbbe determined. The experiment would allow

the researcher to develop testable hypotheses about how ecosysternS work.
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- Ecosystem thiﬁking cbuld potentially be a useful integvrativ'e concept for a broad spectrum of
scientific research. Ecosysiems, however defined, provide a manageable basis of action for
conservation, protection, and resource management purposes. vHowev_er, our lack of |
understanding of how ecbsysterhs work, relative absence of ongoing ecosystem-scale studies, and
non-existence of tdols that provide timely feedback is worrisome. Policy makers should also be
boncerned about the current lack of appropriate institutions; policies, and response strategies in

place to deal with the environmental problerris that are now becoming all too apparent.

In the next fifty years three great transitions set in motion by the industrial revolution will reach their

culmination.

The world will paés through a demographic transition (Cohen, 2005). Even at vreplacement levels,
the human population will continue to grow for another sixty years. Judging from current trends,
human population will plateau around nine billion people around the middle of this century. The
anticipated increase in human population by 2.5 billion people by'2050 will exceed the total

- population of the world in 1950. | '

Before 2000, young people always outnumbered old p'eoplve. .From 2000 forward, old peoplé will
ouinumber young people. The crossover in the proportion of young and old reflects both'improved_
survival and reduced fertility. The average life span .grew from perhaps 30 years at the beginning
of the 20‘h'century io more than 65 years by the start of the 21st century. From ‘2003’0nwar'd, the
median woman wiII have too few or just enough children to replace herself and the father}in the

following generation.

The next half century wiH see an e'normou‘s shift in the demographic. balance between the more
déveloped regions of the world and the less developed ones. Whereas in 1950 the less develo'ped
regions had roughly twice the population of the more developed ones, by 2050 the ratio will exceed
six to one. Until épproximately 2007, rural people will outnumber urban people. From about 2007

onwards, urban dwellers will start to outnumber rural residents.
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The second transition will be economic (Sachs, 2005). Almost everyone who ever lived was
wretchedly poor. Humanity's sad plight started to change with the Industrial Revolution around
1750. Two’ and half centuries later more than five billion of the world's 6.5 billion people reliably
‘meet their basic living needs. One oUt of six inhabitants of.this planet, however, still struggles daily
to meet some or all of their needs such as adequate nutrition, shelter, clean drinking water, and
access to basic health care. Will we be able to meet the needs of another 2.5 bilion people?

The' future of humanity and the environment will be secured by thousands of mundane decisions
“made by ordinary pebple such as how many babies they are going to have, where they graze their
cattle, and how they heat their homes. ‘

Science and culture provide the context in which kndwledge is pursuéd and used. Science
provides the institutional setting, methods uséd, and standards of success. ’The goal of science is
to expand our insight and know|édge of nature through a process of questioning, hypothesizing,
and refutation. Scientific investigation is designed to inhibit premature consensus. Research is a-
prescription for raising new questions. Science is sufficiently diverse to support a range of
viewpoints. The mental pictures it paints of nature and the human condition are only limited by our ‘
imaginatidn. The challenge we face today is to frame the daunting environmental problems we

faceina way that they can be resolved by the ordinary means available to us.

On January 10, 2005, the Biosphere 2 campus was put up for sale (see www.bio2.edu/ ).
Biosphere 2 attempted to recreate seven so-called biomes (ocean, freshwater and saltwater

- marshes, tropical rain forest, savannah, desen, intensive agriculture and human habitat) in an
effort to recreate the life support systems of the Earth (Biosphére 1). Over $150 million was spent
to create a biosphere that could notvsup'port'eight humans, even for a limited period of time. It is

- 'incomprehensible that greater effort has not been expended to understand the composition and

functioning of the Earth’s ecosystems.
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Appendix 1. INTERVIEW REQUEST LETTER

University of British Columbia '
Resource Management and Environmental Studies
2206 East Mall

: Vancouver, B.C. V6T 123

Dear

We are writing to you because we understand that you are someone who is
knowledgeable about ecosystems and the risks to which they are exposed.

We would like to request an opportunity to interview you to learn more about
your views about ecosystems, and to elicit the assessment goals and criteria

~ that you think should be used to evaluate risks to ecosystems. |

Interdisciplinary collaboration is becoming increasingly difficult because
there is a lack of consensus about what is important and worthwhile about
~ ecosystems, and what needs to be managed, conserved or protected. We are
~ trying to build a common conceptual framework to facilitate risk
communication and collaboration.

We are conducting a two-stage survey. During the first stage of the survey
we would like to interview you to learn more about how you think about
ecosystems so we can compare and contrast your point of view with other
experts. After our analysis is completed we are going to contact you and ask
to participate in the second stage of the survey. You will fill out a short
web-based questionnaire, where everyone will evaluate the same assessment
goals using a common set of criteria. This will help us determine the degree
of conflict and consensus that exists between different groups of experts.

In the interview, we will ask you to identify important ecosystem components
and attributes. Next we will complete a grid together, where we will ask you
to suggest corresponding assessment criteria. Then we will ask you to use
these criteria to distinguish between different assessment goals or

~ concepts.

During the next phase of the interview we want know what you think are the
main threats to ecosystems today and the extent to which you agree or
disagree with some common beliefs about the environment.

To close we will ask for some basic background information about yourself so
we can compare your responses to those of other persons we interview..
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~ After we have analysed the survey results, we will post a grid with a common
set of assessment goals and criteria on the Internet, and ask everyone to fill
in this questionnaire. '

The ethical guidelines of the University of British Columbia govern this
research. We appreciate the value of your time and we will try to keep the
duration of the interview to under an hour. You should be able to comple‘re
the web-based questionnaire in less Than a half.an hour

All completed interviews and audio recordings will be stored in a secure
location. Only the investigators will have access to them. Responses to the
web-based questionnaire will be stored offline in a password-controlled
cache. Individual records will only be identified by means of a code. All
records will be destroyed after a period of flve years.

We will not divulge your identity without your consent. However, we would

like to acknowledge your contribution in our research report by including

your name in a list of experts that we consulted. If we attribute specific
comments or ideas to you, we will ask your permission. '

We would also be pleased to provide you wu‘rh a summary of ’rhe resear'ch
_ r'esul'rs once the s‘rudy is compIeTed

We hope that you will be able to participate, and would appr‘eciq‘re the
suggestion of other persons you think we should interview. We look forward
to speaking with you, and welcome any questions you mlghT have abou’r this

research.

Yours sincerely

 W.G.B. (Bill) Smith  Tim McDaniels PhD
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Appendix 3 SCRIPTS - FAQ's
Survey of Experts Mental Models of Ecosystem Risk

Personal Identity

e Hi my name is Bill Smith. I ama gr‘aduaTe s‘ruden'r aT UBC.

| Purpose of Research Project

o I am conducting research for my doctoral dissertation
* The purpose of my research is to elicit the assessment goals and
criteria that different d|SC|pI|nes use to assess r'lsk to ecosys’rems

How: was I selected

e You were selected because you are someone who is knowledgeable about
the risks to which ecosystems are exposed.

e I wonder if you have received or had time to consider my request for

~_aninterview. It was sent to you by e- mall dated the / /

Survey Design

e T am conducting a two- sTage sur'vey of experts.

| ¢ The first stage is an interview that should take about an hour.

o After all the interviews have been analysed, you will be contacted and
asked to complete a short Web-based questionnaire.

Nature of Questions

Personal Interview: - '
During the interview, I would like to ask you about:
- Valued Ecosystem Components and Attributes
e First we would like to learn more about what you think about
ecosystems. You will be asked to identify valued ecosystem
components or attributes that you think are wor‘rhy of

management, conservation or protection.
Assessment criteria for eco-risks?
e Second we will ask you to suggest assessment criteria.

Threats to ecosystems today, and beliefs about the
environment?

e Third we will ask what you think are the most pressing threats to
‘ecosystems today and the extent to which you agree or disagree
with some common beliefs about society and the environment.

Your professional background, education and experience?
Lastly we will ask you to provide some background information
about yourself so we can compare your response to others.

Web-Based Questionnaire

e After we have completed our analysis, you will be asked to
complete a web-based questionnaire, where you will be asked to

rate a common set of assessment goals and criteria




~ Appendix 3 SCRIPTS - FAQ's
Survey of Experts’ Mental Models of Ecosystem Risk

Guarantee of Anonymity and Confidentiality

e We will not divulge your identity without your consent.

| * However, we would like to acknowledge your contribution to our
‘research by including your name in a list of experts we consul‘red in our
report. : : '

o - Your responses will be tabulated and reported in sTa‘rlshcal form only.

‘o If we want to attribute specnflc ideas or comments to you we will flr'sT

| get your permission.

| Right of Refusal to Answer any Question

e At any time or for any reason, you may decline to answer any queshon
Any Questions before Proceeding?

o Do you have any questions about the pr‘oposed research?
Willingness to Proceed?

‘s Are you willing to be interviewed?

o Do you mind if I record the interview?

Other Questions

The Time Required for the Interview?

e The interview should take about an hour of your time. :

‘| o It should take twenty minutes to half an hour to complete the web-

based questionnaire.

How will my Identity or any Information I provide be protected'-"

| o All completed interviews and audio recordings will be stored in a secure
location. Only the investigators will have access to them.

e Responses to the Web-based questionnaires will be stored off line ina
password-controlled cache.

e Individual records will be identified by means of a code.

e All audio recordings and transcripts will be destroyed after five years

How can I verify the authenticity of the research project? '

« You can contact my supervisor Dr Tim McDaniels at 604-822-9288 or

" the chairman of my department, Dr. Les Lavkulitch at 604-822-3487
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Survey of Experts’ Mental Models of Ecosystem Risk

WHAT ARE REPERTORY GRIDS?

A Repertory grid is a way of representing how different people think
about the same domain. The function of the grid is to provide a
technique for building an individual's conceptual structure without
direct elicitation of their conceptual framework. The underlying
assumphon of is that it may be easier for experts to provide examples

from their experience and to state how they would distinguish between

them in terms of the properties relevant to the purpose of eliciting the
grid '
Repertory Grids are usually developed for domains where there is still

“no consensus about the relevant distinctions and terminology and the

primary source of knowledge is still the concepTuaI distinctions made by

individual experts. ’

The Repertory 6rid is a matrix of elements, constructs and values.

This matrix represents the respondents’ construct system for the

domain of enquiry: The Ianguage they use to describe and classify the

elements

o Elements are the columns, constructs are The rows and the values
are the entries in each cell.

o Elements are concrete examples drawn from experience that are
representative of the domain you wish to explore. Although
elements are normally entities they also include activities, processes
and events

o Constructs are the attributes or terms we use to describe fhe way
in which the elements are similar or different from one another.
They are usually elicited as binary or bi-polar distinctions but may
also be more-or-less-than continuums. There are two meanings of
the term construct: A construct represents how people classify
their past experience and it also represents how people perceive the
future - the framework through which they interpret or construe
future events.

o The Values assigned to the constructs describe the range within
which these distinctions apply. The bipolar attributes of repertory
grids can be treated as a pair of predicates defining fuzzy sets and
the rating of an entity on an attribute can be regarded as defining

the degree of membership in each set
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DEVELOPING AN ELEMENT SET

The strategy used to create an element set describing an ecosystem is

fo | _

o First ask the respondent to suggest examples,

o Then to name an element class and ask the respondenT to provide
you with examples of that class without prompting

‘o Finally to allow them to select from a prepared set of examples

The one unbreakable rule about an element set is that people cannot

complete an interview session about elements for which they have no

knowledge or experience. The more experuence they have the more

complex the resulting process. : :

Elements can be nouns or noun phrases, verb or verb phrases.

Elements should be as concrete as possible, and when they describe

processes or situations they should be bounded in time and space.

Each element set should be homogeneous and not overlap with others.

All elements should carry equal weight, and be equally representative of

a seft.

ELICITING CONSTRUCTS

Constructs can be elicited by compar'lng two or three elements at a

-~ time:

Triads

- The most common form of eliciting constructs is the triad method.
Elements are presented in groups of three, being the smallest number
that will produce both a similarity and a difference. Subjects are
asked in what way are two alike and different from the third. This will

“elicit the emergent pole of the construct. The implicit pole may be

elicited by the difference method (the subject could be asked in what

- way is the singleton differ from the pair) or by the opposite method

(what would be the opposite of the description of the pair.)

Pairs

In dyadic elicitation r'esponden‘rs are asked to conS|der' whether two

elements are alike or different in some way. Once they have described

the similarity or difference, they are asked to provide a contrasting
‘word or phrase that is opposite to the phrase they initially provided.
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Sample Elicitation

For example, (Stewart 1998) we can compare three different types of wines in
terms of sweetness, colour, and effervescence. The poles of the constructs
| are dry/sweet, red/white, and sﬂll/sparkhng :

Example: | o
WINE C_o‘res du Lambrusco  Liebfraumilch
v o Rhone o o _
.Sweetness Dry Medium Medium
Colour Red . White - White
Effervescence -Stil ' Sparkling still

| If we add the champagne wine Moet Chandon to the list, it can be described |
using the dyadic comparisons already elicited. It is a sweet, white, sparkling
wine. If we want to extend the characterization of the elements, we can use
triadic elicitation to pose questions such as are two of the wines, such as.
Liebfraumilch and Lambrusco, alike in a way that distinguishes them from the
third Moet Chandon.. Cost has not been mentioned before and the construct
cheap/expensive could be added to the set to distinguish the cheaper wines
from the more expensive champagne.

Laddering — Up

e Another process that may be introduced into the interview is Iadder'mg

‘Laddering-up’ has the interviewer take a construct and ask which pole
‘of the construct is preferred, in terms of the purpose of the interview,
and why; next you can ask for the reasons underlying the preference,
and then ask them to elaborate each of the reasons and so on. This

_process takes you deeper into the construct system and eventually
leads to what are known as "core constructs” - deeply held values and
beliefs which the person adheres to sTr'ongly | ’

. Laddering — Down

e Laddering down has the interviewer take a construct and ask for some
details about how one pole of the construct differs from the other -
asking for more observable and behavioral detail about the construct.
These laddered-down constructs nearly always appear as clusters in the |
final grld

RATING THE ELEMENTS

e After a number of constructs have been created, the next stage is to
rate each element in terms of all the constructs, thereby forming a

matrix that can be analyzed by different statistical methods.
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CON DUCTING AN INTERVIEW

| INTERVIEWING RESPONDENTS

Assume a neutral attitude. Do not indicate your reaction to the |

‘respondent’s answers nor attempt to influence their responses. The

Grid interview usually reveals the key issues and problems to the

~ respondent without prompting,

Hold the r'esponden‘r s interest. A good Technlque is to start r‘epecmng
what the respondent said while you are writing it down or to ask the
next question. Do not let the respondent's attention lapse. -

Be casual or conversational. Use an informal manner of. speaking which is
natural to you. Do not put the respondents on the defensive or subject.
them to the third degree. Be friendly. Put the respondents at ease.

Repeat and clarify questions, misunderstood by the respondents. Keep
track of these changes. Use brackets to indicate your own comments.
It is very important not to introduce bias by predisposing respondents

~ to answer in a certain way. Several types of probes will stimulate

discussion and help obtain a complete response:
o A brief expression of interest
An expectant pause

Repeating the question or the respondent's reply -
A neutral question or comment e.g. why is that important?
Rephrasing the question in more easily understood language.
Defining key concepts and terms '

© 0O O 0O O

RECORDING AND EDITING THE INTERVIEW

Record the respondents’ answers during the interview. Usually the first
answer is the most meaningful. Do not alter an answer, if you gone on to
other questions. Do not record a “don't know" answer too quickly as it
often serves as the preface to the respondents’ actual views.

For open-ended questions just write down the respondent’s words in the
space provided. Jot down key words and phrases. Do not summarise or
paraphrase. Use the respondent’s own words. For lengthy remarks do

‘not hesitate to use more space, even the back of page if necessary.

For structured questions, if answers do not clearly match one of the
categories provided, write in the respondent’s exact words at this point

“in the questionnaire. When straight yes or no questions are qualified by
‘comments, take these down, whether or not space is provided for them.
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STEPS IN ELICITING EXPERTS MENTAL MODELS

. ELICITING ECOSYSTEM COMPONENTS

The first step is to ask the respondent to identify the important entities,
processes and events that define an ecosystem. They should provide
specific concrete examples that would be familiar to most observers.
When the respondents run out of examples, start by suggesting possible
response categories that correspond to the various hierarchical levels of

‘organisation of an ecosystem. For example, you could use

. o Landscapes/Abiotic components,
o Biotic Communities or Guilds,
o Populations, or
o Individual species.

-When the respondent is unable to suggest any more examples, you can

show them a prepared list of examples (CARD #1) and ask whether or not
they consider any of these examples to be important. Respondents are
free to accept or reject any of the examples or to provnde new suggestions.

. ELICITING ASSESSMENT CRITERIA

Assessment criteria are constructs that could be used to evaluate the
condition or functioning of the ecosystem. In this context, constructs can be
elicited by comparing desired with unacceptable states of the enwronment
or by contrasting different conditions of ecosystems.

You should elicit at least one assessment criterion for each ecosystem
component. For example, if the respondents chose habitat as one of their

- valued ecosystem components, you could describe habitat as being either
~ connected or fragmented, small patch or large patch.

When the respondents are unable to suggest more criteria show them
CARD #2. They are free to accept or reject any of the proposed criteria..

3. ELCITING ECO-CONCEPTS

The next step is to elicit respondents’ eco-concepts (e.g. natural integrity,
sustainable or healthy), the constructs they use to compare or evaluate the
risks to different types of ecosystems.

4. RATING ECO-CONCEPT USING THE ASSESSMENT CRITERIA

- The final step of the elicitation process is to establish the range of values,

usually dichotomies or bipolar opposites, within which each construct
applies. In addition to categorical values, ordered values (e.g. high, normal,
low) and indexes (e.qg. ratios) can also be used.

If it is not already clear, ask the respondents to state the reasons why they
prefer one pole of the construct to another. This process is called laddering-
up, and can be used to uncover their core constructs — the respondents
deeply held values and beliefs about ecosystems and their importance.

‘Laddering-down provides more details about how one pole differs from the

other. These constructs often appear as clusters in the final grid.
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~ ECOSYSTEMS

1. When you think of an ecosystem what comes to mind? Would
you please describe an ecosystem in your own words?

2. Would you say that an ecosystem is a

Yes  No
* Real place? [ .
o Dynamic set of processes and functions? O -
e Physical - biological entity? O 0O
» Problem solving approach? ' 0
o Holistic understanding of the r‘elahonshlp =i O
be'rween living things and their environment? B
e Other (please explain) O 0

3. Would you now identify what you think are the most important
components of an ecosystem? These should be observable
entities, processes or relationships that you consider in most cases
to be worthy of management, conservation or protection.

(Show respondents examples in Card #1 if necessary )

VALUED ECOSYSTEM COMPONENTS

SYSTEM
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VALUED ECOSYSTEM COMPONENTS (cont.)
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4. For each ecosystem component you identified, would you now
suggest one or more assessment criteria that could be used to
evaluate the condition or functioning of the ecosystem?

(Show respondent the examples on Card # 2, if necessary.)

~ LANDSCAPES/ABIOTIC -
Component - Assessment Criteria
e -
. oooooooooooooooooooooooooooooooooooo -
. ----------------------------------- -
COMMUNITIES/GUILDS
o Component Assessment Criteria
et "
N -
. ----------------------------------- -
POPULATIONS . o
Component - Assessment Criteria
. ooooooooooooooooooooooooooooooooooo -
. ooooooooooooooooooooooooooooooooooo =
. ooooooooooooooooooooooooooooooooooo -
. ----------------------------------- -
ORGANISMS / INDIVIDUALS
Component | Assessment Criteria
L S -
. ----------------------------------- =
. ----------------------------------- -
. ----------------------------------- -

240




~ Appendix 5 INTERVIEW QUESTIONNAIRE
SURVEY_OF EXPERTS’ MENTAL MODELS OF ECOSYSTEM RISK

EXPERTS MENTAL MODELS OF RISK

5. Experts have a variety of ways of comparing different ecosystems.
Are you familiar with the meaning of the following eco-concepts?

- -ECO-CONCEPTS w o - Yes No
e Carrying Capacity o ] 0
e Ecological-Footprints 0O =
* Biological or Ecological Integrity . O
e Ecosystem Health O 0]
» Resilience | . ]
 Sustainability | o O 0

6. (If respondent is familiar with three or more terms.) Are there
ways in which a pair of these terms is similar and yet different
from a third? For example how would you distinguish Carrying
Capacity and Ecosystem Health from Biological Integrity? (Carrying
Capacity and Ecosystem Health focus on human impacts, while

‘Biological Integrity is concerned with the survival of other species.)

7 (If the respondent is familiar with more than one term.) How
does each of these assessment concepts differ from one another?
(For example, each term may have a different focus of concern,

-such- as pollution or loss of biodiversity or meeting human needs.)

241




" Appendix 5 INTERVIEW QUESTIONNAIRE
SURVEY OF EXPERTS’ MENTAL MODELS OF ECOSYSTEM RISK

8. These terms (e.g. carrying capacity, integrity, he'alth, &
sustainability) are normative concepts. Should values, moral or
ethical concerns play a role in scientific assessment? If so why?

9. Select an eco-concept (from the list provided earlier) that
describes how you would compare the risks to different
ecosystems. If none of the terms we have discussed are swtable |
please suggest alternative termlnology :

10 Operationally define this eco-concept by using the assessment
criteria you chose earlier. Use these criteria to distinguish
preferred from undesired conditions of the ecosystem?

CRITERIA | Emergent Implicit
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11. From your own perspective, what do you think are main threats
to regional ecosystems? Are these threats global, national or local
in |mportance7 (Show respondent Card #3 if necessary.)

Globally? — Natlonally? - LocaIIy>

Population gr‘ow'rh . s 0 0 O

Lif_es'TerS and Consumption
Poverty & Hunger
| »Human Settlement
Land use Conversion
Energy Use
~ Climate Changé
Over harvesting e.g. Fish & Wildlife
Deforestation e.g. Clear-cﬁuf‘ring
Species Extinction
Biological Invasions - Exotic species
Resource Depletion
Pollution - Air - Water
Solid Waste Disposal
Natural events- e.g. Wildfi_r'es
Global Trade |
Industrialisation
Monocultures
Overuse of fer"fi lisers - animal wasfesv

- Other please specify............

OO0 O0DO0Oo0O0O0DOo0oOOoooOoOooDooooao
O0DO0O0O0o0O0O0o0O0OO0o0Ooo0oooOoOoaonao
OO0 00O OoOOoOOoOOoOOoOOoDoOO0O0DO0OOooOoOaooQgaoao
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12 Finally would you express the extent to whichi you a‘greé or
disagree with the following set of statements?
(Show respondent Card #4)

Do you agree ( . ) or disagree( )that? |SA MA N "D’l SD

1. The Earth has plenty of natural resources, if we can 1 2 3 4 5

~ just learn how to develop them. : - _

2. If wealth and opportunity were more fairly 1 2 3 4 5
distributed in this country we would have fewer' -
environmental and social problems : o

3. We are approaching the limit of the number of 1 2 3 4 §

~ people the earth can support _ ‘

4. Nature may be resilient but it can only absorb so 1 2 ‘3 4 5
much damage - . : :

5. We should voluntarily adopt a snmpler less v 1 2 3 4 §

materialistic way of life in order to save the
~ environment. : _
6. We cannot rely on the functioning of markefs or 1 2 3 4 §
goodwill of mduvnduals to protect our health or the. '
environment. |

. 7. We should leave the tough decisions about the 1 2 3 4 §
environment to the experts o
8. Itis often less costly to prevent environmental 1 2 3 4 5§
problems than to fix them. S
9. Ina fair society, people who mvesT and Take risks 1 2 3 '4 5
should be rewarded. . _ :
10. Continued economic growth, and technological 1 2 3 4 §
innovation is the key to improving our standard of :
living. |
11. Plants and animals have the same right ashumansto {1 2 3 4 §
exist. ‘
* 12. Humans will eventually learn enough about how 1 2 3 4 §
nature works to be able to control it. ,
13. Nature will recover in the long run from any harm 1 2 3 4 5§
caused by humans. '
14, Companies won't protect the envnr‘onmen'r until the 1 2 3 4 §5
law forces them to do something.
15. Human ingenuity will insure that we do NOT make 1 2 3 4 §

the Earth unliveqble.
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Do you agree ( ) or disagree (. )that? [SA MA N MD 5D

16. The public' should be prepared to accept some 1 2 3 4 5§
environmental risks if they want to have a more :
prosperous -economy _ »

17. We have to protect the environment for our 1 2 3 4 5§
children and grandchildren, even if it means
‘reducing our standard of living today.

18. Governments should not restrict peoples’ personal 1 2 3 4 §
- freedom or their lifestyle choices. _
19. Communities know better than government or 1 2 3 4 5§

_industry what needs To be done to protect the
environment. : A

- 20. We should rely on our own common sense rather i 2 3 4 §5.
than the opinions of so-called experts when trying '
to solve environmental pr'ob|ems

21. In this country we should return to more Tr‘adl‘rlonal
values and way of life.

22. Modern technology poses serious risks to the
environment

23.If humans do not have a use for a species they
shouldn't worry about it becoming extinct.

'24.11 is unfortunate but acceptable if some people
loose their jobs or have to change their line of work
for the sake of the environment. '

25. The balance of nature is very delicate and easily 1 |
upset.

26. There is so much disagreement among exper"rs that 1 2 3 4 §
“it is hard to know who to believe abou‘r the
environment.

27. The so- -called “environmental” crisis facmg society 1 2 3 4 §

~ has been greatly exaggerated.

. 28. As long as the same species exists somewhere else 1 2 3 4 §
in the world, humans have a right to use plants and
animals to meet their needs. ‘

29.Environmental choices always involve trade-offs. ]

e e
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-30.Private en‘rer‘pf'ise is more likely than governmém‘ to 1 2 3
find solutions to environmental problems
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PROFESSIONAL BACKGROUND:

_Highest Level of Education

Diploma o  Bachelors o Masters O Doctorate
Other (specify).........cco....... ettt s

Employment/ Affiliation

Academic O Government =

Industry/Consulting O Public Interest/Advocacy o
- Other (specify).....c.ccceveveeenee. S PRSP AP e
Current Position ' (Mark all that apply)
Research/Assessment O Managerial/Administration. ©
Teaching | o Regulation/Enforcement o
Other (SPeCIfY)..ccccieeeeiieiieeeee e e ee e e
Professional Specialization (if any) :
Ecotoxicology O Wildlife Blology - | O
Landscape Ecology : o  Fisheries Management m
~ Forestry , 0 Aquatlc | O

‘Other (speafy)..................._ ..................................................... S .

Work Experience

Years of directly relevant work expenence in ecologlcal nsk
assessment and management .......... ettt eaa e e e e e e et ———————aaaans ’

Age -Gender
18-24 O : Male O
25-29 0 | Female o
30'44 O
45-54 O
55+ 0
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Appendix 6 RESPONSE CARDS
SURVEY OF EXPERT S MENTAL MODELS OF ECOSYSTEM RISK

Card #1 Examples of Valued Ecosystem Components

ECOSYSTEM Examples of COMPONENTS
Landscape — Abiotic » Habitat
|- Nutrient Pools and Cycling
- Disturbance Regimes

| - Sinks
Communities- Guilds |- Species
| - |- Food Webs
Population | * Minimum Viable Population Size
o | * Range
| Individuals | - Reproductive Success

- Prevalence of Disease

"~ CARD #2 Sample Assessment Criteria
Emergent | 1 2 3 4 5 ' Implicit
, ' LANDSCAPE - ABIOTIC B
LargeHabitat Patches | {1 2 3 4 5 | Small Habitat Patches
Nutrient Retention 1 2 3 4 5 | Nutrient Leakage
Unpolluted . 1 2 3 | 4 | 5 | Poluted
| | _ COMMUNITY-GUILDS
Native Species 1112 1| 3| 4| 5 | ExoicSpecies
Robust Food Webs 1| 2 3 4 5 | Fragile Food Webs
- POPULATIONS _ v e
Viable Population 1 2 3 4 5 Population @Risk of Extirpation
Normal Range 1| 2 3 4 5 Reduced or Displaced Range
: INDIVIDUALS
| High Reproductive Success| 1" | 2 3 4 5 | Low Reproductive Success- .
Low mortality rates 1 2 3 4 5 | High Mortality Rates
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Appendlx 6 RESPONSE CARDS
SURVEY OF EXPERT’S MENTAL MODELS OF ECOSYSTEM RISK

Card #3 |
ECOSYSTEM THREATS

Population growth

Lifestyles and Consumption

Poverty & Hunger |

Human Settlement

Land use Conversion

Energy Use

Climate Change ,

Over harvesting e.g. Fish & Wildlife
Deforestation e.g. Clear- cuttlng
Species Extinction _
Biological Invasions — Exotic species
Resource Depletion

Pollution — Air — Water

Solid Waste Disposal

Natural events- e.g. Wildfires

Global Trade |
Industrialisation

Monocultures

Overuse of fertilisers — animal wastes
Other? |

Card #4 Scale

Strongly Modérately Neither = Moderately Strohgly

Agree ~ Agree Agree nor Disagree  Disagree
» Disagree |
1 | 2 3 4 5
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| Appendlx 7 LIST OF INTERVIEW RESPONDENTS
SURVEY OF EXPERTS MENTAL MODELS OF ECOSYSTEM RISK

Ray Andrews, Manager of Operations
Kananaskis Country, (Chairman Central
Rockies Ecosystem Interagency Liaison
Group) -

2) PaulL. Angermetr PhD
Cooperative Fish & Wildlife Research
Unit, Virginia Polytechnic Institute
Blacksburg Virginia

Western Canada Wilderness Committee, . -
Vancouver, British.Columbia

3) Karen Beazley PhD, School of Resource and | 4) Stephen Bocking PhD
Environmental Studies, Dalhousie Unlversny, ~ Environmental & Resource Studies
Halifax N.S. . Program, Trent University, Ontario
5) Martin J. Bunch PhD 6) lan Campbell, PhD
Faculty of Environmental Studies, ‘| Senior Project Director,
York University, Toronto, Ontario ~__Policy Research Initiative, Ottawa ON
7) Villy Christensen PhD 8) Steve Carpenter PhD :
Senior Research Fellow, UBC F|shenes Center for Limnology,
Centre, Vancouver B.C. ' University of Wisconsin
9) Shirley A.M. Conover, PhD 10) William E. Cooper, PhD
(Retired) Bewdley, Ontario, “Michigan State University.
11) Joe Foy 12) George Francis, Emeritus Professor,

Department of Environment & Resource
Studies, University of Waterloo, Ontario

13) Dr. Bill Freedman, PhD

Department of Biology,
Dalhousie University, Halifax N.S.

14) Terry Glavin, Journalist,
Marine Conservation Advisor,
Sierra Club of BC,

15) Geoff Granville, PhD

Manager, Environmental Affairs,
Shell Canada, Calgary, Alberta

16) Peter Hall, PhD
Science Advisor, Forestry Service
Natural Resources Canada, Ottawa, ON

17) Andy Hamilton, PhD
"~ Former Science Advisor, Commission

for Environmental Co-operation and
International Joint Commission

18) Mike Healey, PhD
Oceanography
University of British Columbia
Vancouver, British Columbia

19) Larry Hildebrand

Manager, Coastal Zone Management

20) Harry Hirvonen, Research Co-ordinator,
Forest Health & Biodiversity,
~ Natural Resources Canada, Ottawa ON

Environment Canada - Dartmouth N.S.
21) Doug Hyde |

Habitat Stewardship Co-ordinator

Canadian Wildlife Service, Ottawa ON

22) Dean Jeffries, PhD Research Scientist
Canada Centre for Inland Waters
Burlington, Ontario

23) James R. Karr, PhD

Aquatic Sciences and Biology
University of Washington, Seattle

24) Robert T. Lackey, PhD
U.S. Environmental Protection Agency
Corvallis, Oregon

25) Jean Langlois, Executive Director
Canadian Parks & Wildermness Society
Ottawa Valley Chapter

26) Henry Lickers
Environmental Division
Mohawk Council of Akwesasne

27

7) Nina-Marie Lister, PhD -
‘School of Urban & Regional Planmng

28) Misty MacDufee
Raincoast Conservation Society
Victoria, British Columbia

Ryerson Polytechnic University, Toronto




Appendlx 7 LIST OF INTERVIEW RESPONDENTS
- SURVEY OF EXPERTS MENTAL MODELS OF ECOSYSTEM RisK

29) Don Maclver , Director of Plannihg
Rideau Valley Conservatlon Authonty,
Manotick, Ontario

T730) André L. Martel, PhD

Canadian Museum of Nature -
- Gatineau, Quebec

31) Grey Merriam, PhD
Emeritus Professor B|o|ogy,
Carleton University, Ottawa, Ontario

32) Ted Mosquin, PhD .
(Retired) Lanark, Ontario

33) Kelly .R. Munkittrick , PhD
Canadian Rivers Institute,
St. John, New Brunswick

34) Neil Munro -
Science Advisor (retired), -
Parks Canada, Halifax N.S.

35) Aviva Patel, PhD
Forest and Wildlife Campaigner,
Sierra Club, Eastern Canada Chapter

36) Daniel Pauly , PhD
UBC Fisheries Centre,”
Vancouver, British Columbia

37) Kevin Percy, PhD
Atlantic Canada Forestry Centre
Fredericton, New Brunswick

38) Mike Quinn, PhD, Director
Miistakis Institute for the Rockies
University of Calgary, Alberta

39) Bill Rees, PhD
School of Community & Regional
- Planning, Vancouver, British Columbia

40) Henry Regier, PhD
Emeritus Professor, Zoology
University of Toronto

41) Paul H. Rennick,
Rennick & Associates
Peterborough, Ontario

42) Patricia Roberts-Pichette PhD
. Former Executive Secretary
Canada/MAB, Ottawa, Ontario

43) Scott Slocombe, PhD |
~ Geography & Environmental Studies
Wilfrid Laurier University, Waterloo ON

44) Harvey Shear, PhD
Regional Science Advisor,
Environment Canada-Ontario Region

45) Ussif Rashid Sumaila PhD
Fisheries Economic Research Unit,

UBC Fisheries Centre, Vancouver B. C.

46) Phil Taylor, PhD
Department of Biology
Acadia University, Wolfville, NS

47) Tony Tumner
A.M. Turner & Associates
Ottawa, Ontario-

48) Hague Vaughan PhD, Director,
Ecological Monitoring and Assessment
Network, Burlington, Ontario

"49) David Waltner-Toews, PhD, DVM
Department of Population Medicine,
University of Guelph, Ontario

50) Ed Wiken, Director Science & Policy -
WildLife Habitat Canada,
Ottawa, Ontario
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Appendlx 8. WEBGRID SURVEY & USER GUIDE
SURVEY OF EXPERT S MENTAL MODELS OF ECOSYSTEM RISK

E-Mail Reques’r to Participants:

“Thank you for agreeing to par‘hcnpaTe in my sfudy Since I last spoke to you

I have interviewed over fifty persons from coast-to-coast. Like you, they
are knowledgeable about ecosystem risks but some are from very different
disciplines or line of work. During the interview I asked each of you to tell
me what you thought was important about ecosystems. I have analysed the
interview results and identified widely shared conceptual distinctions many
of you use when you talk about ecosystems.

T am now asking you to complete the second and _findl stage of my study. It
requires you to apply a common set of criteria to describe how several

cconcepts or types of ecosystems differ from one another. It should take
~ less than thirty minutes to complete the questionnaire.

My questionnaire has to be filled out online and interacts with the server of
the University of Calgary. Professors Muriel Shaw and Brian Gaines
developed the Web 6rid software behind the questionnaire. This software
helps me elicit everyone's views about a common domain of expertise.

Just activate the survey web page http://www.ecosmiths.ca/wg_intro/framehtm
using your browser. (Either Microsoft Explorer or Netscape Navigator
should do). I would start by downloading and reviewing the short User Guide

* from the introductory page. (You will need the Acrobat Reader to read the

User Guide). The User Guide will provide you with an overview of the various
data entry screens and functions of Web Grid. As you complete the survey
the | buttons throughout the queshonnalr‘e will also provide you with
context sensitive help

- All you have to do is rate each of eight eco-concepts using 36 assessment

criteria. If you find it too tedious or it is not brain friendly to proceed
criterion-by-criterion, the User Guide explains how to select individual eco-

" concepts using the Elicitation Screen and to apply all the assessment criteria

to a concept-at-a-time. Check the second line of the Elicitation Screen to
ensure there are no remaining unspecified values. When all the values for

-the variables have been specified, this line will disappear.
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Appendix 8. WEB GRID SURVEY USER GUIDE

2. Monocultures N

Monocultures describe managed areas, such as plantation forests, fish farms (aquaculture) and
grain farms (e.g. wheat and corn) whose productivity is malntalned through human supplied inputs
-and technology

3. Ecosystem Health |

Ecosystem Health describes an envelope or range of possible ecosystem conditions that will
sustain life. Ecosystems provide food, fibre, energy, and the other commodities that humans need. -
for their survival, and maintain clean air, pure water, and other vital life support functions. The goal
~ of the approach is to optimize the array of goods and services which ecosystems provide, while .
preserving or increasing their capacity to produce those things in the future. As well, the ecosystem
approach tries to maintain future management options so that we can accommodate changes in
societal values. :

4. Sustainability -

~ Environmental sustainability at the most basic level is a function of the state of ecosystems, the
‘stresses on those systems, human vulnerability to environmental change, and the capacity of
human institutions to respond to these challenges and provide global stewardship of environmental
resources. Human success in influencing these aspects of their environment in a lasting manner -
will affect their chances of survival and their quality of life a generation or two into the future.

5. Natural/Pristine

Natural or pristine refers to wildemness areas, relatively undisturbed by humans, where natural
processes and events are still the driving force of evolutionary change.

6. Resilience

Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance without collapsing into
a qualitatively different state that is controlled by a different set of processes. Humans are part of
the natural world. We depend on ecological systems for our survival and we continuously impact
the ecosystems in which we live from the local to global scale Resilience gives humans the
opportunity to ant|C|pate and plan for the future

. 7. Biological/Ecological Integr_lty
Biological or Ecological Integrity refers to an ecosystem'’s capacity to sustain the native biological
communities that have adapted to a region through natural evolutionary forces. In plain language,

ecosystems have integrity when they have their native components (plants, animals or other
organisms) and processes that generate future integrity intact.
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Appendix 8. WEB GRID SURVEY USER GUIDE

8. Urban/industrial

Urban or Industrial refers to highly disturbed areas dominated by human economic activities and
settlement.

WebGrid SURVEYS

Rather than requiring you to respond to a fixed format, forced choice questionnaire, we decided to
use the. WebGrid software developed by Professors Muriel Shaw and Brian Gaines of the
University of Calgary (CPCS 2003, Gaines & Shaw 1996) for our survey questionnaire. Because it -
is not feasible for us to gather all you in the same room to complete the second stage of our study,
WebGrid provides the means for you to share your response with us online. WebGrid is also an
online toolkit. It permits you to enter and edit your own response. If you are not satisfied with the
form or content of the questionnaire, it will also allow you to |Add, |Delete or |Edif the concepts and
criteria used. When you are done you can also use WebGrid’s analytical tools to examine your
response. For example, you can use [CLUSTER to display your assessment as a tree diagram
revealing the underlying dependencies in your use of the criteria. [MAPwill allow you to display the
.data in @ minimum number of dimensions allowing you to examme underlying similarities and
differences in your use of these eco-concepts.

Repertory Grid Scales.

We are asking you to use what are called Repertory Grid scales to apply the assessment criteria to
describe what each of these eco-concepts means to you. You may not be familiar with the
convenhons of Repertory Grid scales.

Repertory grid scales are not read like conventional scales. Conventional scales may ask you to
say how much you agree with a particular statement, with responses ranging from totally disagree
to strongly agree. Instead, a repertory grid scale contrasts two different conditions.

For example, when some people think about habitat, they may think that a certain amount of
connectivity is necessary and that habitat fragmentation is something we should avoid.
Connectivity is contrasted with fragmentation. In thinking about the eco-concept biological or
ecological integrity you may think that a habitat with biological or ecological integrity is likely to be
interconnected rather than fragmented. In thinking about urban or industrial area, you may think
that habitat in such an area is more: likely to be fragmented rather than interconnected. -

[Each assessment criterion is presented as a range of values between two contrasting conditions or
- states. Pick the value that most adequately describes how you see each eco-concept.

I you think that either of the contrasting conditions or states could prevail, mark the assessment
criterion 3 on a scale of 110 5. If you do not think a criterion applles at all, leave it blank. In.
WebGrid unspecified values are displayed as a ?

Now you are ready to begin.
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Appendix 8. WEB GRID SURVEY USER GUIDE

CHOOSING AN ELICITATION STRATEGY

~ There are two possible strategies for completing the task. The first strategy we call criterion-
centred: you rate all of the eco-concepts using the first criterion, then all of the concepts using the
next criterion, and so on. The second strategy we call concept centred: you can take the first eco-
concept and rate it using all of the criteria in turn, then rate the second eco-concept using all of the
criteria in turn, and so on. '

The WebGrid software defaults to the first strategy. If you want to apply the second strategy press
rather than when the first screen pops up (See fig.2 page 8), and you will be taken
directly to the Elicitation Page. (See fig 3 on page 10 of the User Guide.) You will see all the eco-
concepts and assessment criteria listed in two separate boxes. Highlight one of the eco-concepts
such as Sustainability with your browser and press the button below the box and you will be
taken to a screen that will allow you to input values for all the assessment criteria. Then repeat the
same step for each of the remaining concepts.

SAVING YOUR WORK

When you have finished inputting your response you will be taken back to the Elicitation Page (see
fig. 3 page 10). Press the |Save/Exchange button at the bottom of the page to save your work to
the cache and when the status page comes up you will be advised to save the page as an HTML
form to your own computer. If you did not have time to rate all the concepts, you will now be able
to reload the form at any time with your browser and complete the exercise.

- We have asked you to complete a complex task. Please do not hesitate to contact us at
bill@ecosmiths.ca. if you need any additional help.
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Umverslty of Britlsh Columbla
‘Resource! Management and Environmental Studies

“You are: conmdenng»S-Eco—Concepts and 32 Assessment riteriain the context of ellcltmg expert mental models of
-jvjecosystem risk S

?'Enter/yournmneﬁ. ‘ . .
;Nz_iih'_e"lBill.Srhim e %Np__t“gjltompaﬁson?Grid,(Suney of Experts ‘Mental Mc

“Youwill be g'skedfté entér:;.xour ratings for each*E'féq;-honcwi on-each Assessment Criterion mﬂnqgnd

‘When you are ready click:on |

Figdre 1: Exchange-Grid

Enter your name in the space provided (fig. 1) and then press [Dond when you are ready to rate the
eco-concepts.

. UBC’ Umversnty of Britlsh Columbla ;
| Zre=21 Resource. Management and Enwronmental Studles

C1AN77 | 2208 East’ Mall = . :

Vancouver, B.C. V6T 123,

' People are:Indifferent
{1 People are Indifferent
S.People Care About/Enjoy

| Moiocultures
¥ Carrying Capacity .
Sustainability

[5-Pecple Care About/Enjoy Ecosystem Health
- {5.:Pecple Care About/Enjoy. & istne.
4 o j Bmlogxcal/’Ecolopcal Integnty
1 People are Indifferent, (%] =| Urban/Industrial
A . 3ﬁResxhence ’
 {People Care About/Enjoy '

 Wheri you have firiished.click on |

‘Rating scalé from1.to [

ff:I“IaméJAfﬁh‘itY [ Weight [10 :}'Eeve'l-llo' %I'O'u"jtput )

- Annotation for People are liidifferent:-People Care. About/Enjoy

Figure 2 Rating Eco-Concepts
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Appendix 8. WEB GRID SURVEY USER GUIDE

Next you will be asked to rate the eight eco-concepts using 36 assessment criteria (fig 2). The
assessment criteria will allow you to distinguish between contrasting ecosystem conditions. You are
asked to rate each criterion on a scale of 1-5. If you are unfamiliar with the criterion or feel it does
not apply leave it blank. (Choose the?) If either of the contrasting conditions could apply then
‘choose 3. You can also comment on the assessment criteria using the annotation textual box.

Press [Dond when you have finished rating each of the eco-concepts.

When you have applied each of the assessment criteria, you will be taken to the Elicitation Screen
(fig.3). Yeu can then add, delete or edit eco-concepts or criteria.

If you would rather proceed concept-by-concept, press after you have applied one or more

assessment criteria.- You will be taken directly to the Elicitation Screen (fig.3). Highlight one of the

eco-concepts using your cursor and then select -from the menu below the list of eco-concepts.

You will be taken to an Edit Screen (fig 4) and you will be able to apply all the assessment crlterla a
concept-at-a-time. .

Each time you finish inputting your data, press and you will be taken back to the Elicitation
Screen (fig.3). '

Until you have finished inputting values for all the assessment criteria the Elicitation Screen (fig.5)
will show that there are values that remain unspecified. Press [Speci] to mput the remaining values
(tig.6)

Each time you input and save data you will be returned to the Elicitation Screen. When ybu are
- finished, press lSave/Exchangd button at the bottom of the page to save your work to the online
cache.

'When you eX|t the program to the Status Screen (f|g 7) save your mput as an HTML form to your
own computer as a backup.

If you are unable to complete the survey in one sitting, you can reactivate the Web Grid server by
loading the saved HTML form (see fig 7) with Microsoft Explorer then press g and you wil
be taken to the Elicitation Screen and be able to finish inputting your response.

When you are flnlshed press ISave/Exchange button at the bottom of the EI/C/tatio'n'Screen to
save your work to the online cache. We would also like you tosendus a copy of the HTML form
asa backup

And you are done!
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UBC Umversity of British COIumbia B : o
;-:.-zﬁ Resource: Management and Environmental Studles
15300771 2206 East Mall -
N Vancouver B.C. V6T 1Z3

Ifyou, want spemﬁc Eco-Concepis mcluded check this box |— a.nd select themi n ‘the hst below

You can’ delete, edlt, sort; add-and. show matches among Eco—Concepts

Carrylng Capacrty
[Sustainability.

‘You'can deléte; edit; sort,-add and show matches among Assessment Cntena}
Adequate Freshwater Supply+Fresh-Water in'Short Supply
People are_ Indlﬁerent—People Care About/En]oy S
Low:Mortaiity Rates<-High Mortality Rates'

High Reproductive’ Success--Liow Reprod uctwe Stccess:

High Level of ContamlnanE--Low Level of Ccntamlnams )
Populadon Growingior Dec]lnmg—-Populamn Size'Stable & Vlabie
Predommantly Native Spscies--Exotic & Invasive’ Specues Present’
Complex Physical Structure=Simplified Physical Structure
Unstable/Shifting’ Trophic Structure—Stable: Trophic:Structure:”
Age:Distribution’. Balanced--Age Dtstnbuhon Skewed

Bioaccu muIatson-Decom i
No Direct; Human. Use/lmpacts-—SubstantLal Human Harvsﬁng/Use
Smaller Shorter Uved Lifeforms=-Larger Longer Lived Lifeforms:,

Rsment recover-and repeat cycle--Vulnerable shnﬂ: o néw state‘or: cycle
Nutnent Retentbn absorb/unport—N ument Leakage release/export

Reduced Range or Dsplaced-Normal Range )
Blomass Decreasmg—B;omass Conslant/lncreasmg

Extensuve or Severe DlsturbanceuMlnor Variation'in.Disturbance- Reglme
People Familiar - Grew.up. wn'h-—People Unfamlllar ‘Don't know *

Profound_ Iarge-scale land use change--MlnimaI smal] scale land:-use change-
T Specns at RJsk/Last of a:Few--Most Species: Survtve &:Thrive .

Analyses’
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Flgure 3 Ellcltatlon Screen

UBC‘ Umversity of Brltlsh Columb|a PR

s Resource: Management and Environmental Studles
2206 East Mall- o
Vancouver, B.C, V6T 123"

. S Low Reproduchve Succss ‘ h ‘ 3
|1 High'Level of Contaminants ¥] High Lievel of Contammants—Low Level of Comammants /
. {1 Population’ Growirig or Detlinin opulation: Growing or Declining--Population Size Stable'& Viable

5.Exotic & Invasive Species’ Presenv@ Predommantly Native Species—Exofic.& Invasive Species Present
5 Simplified Physical Stucture v =] Complex: Phys1cal S tructure-- Slmphﬁed Physwal Structure:
1.Unstable/Shifting Trophic; Structure = Unstable/Shlﬁmg Trop}nc Strcture--Stable Trop}uc Stricturé
'|5:Age Distribution Skewed : :'J Age*Dis tnbutlon Balanced-—Age Distribution Skewed

C L Btoaccumulatlon @ Bloaccumula

1, Habnat Fragmented orlostiv
_{5:Rare‘or Endemic: ;_ enty
1i Decr,eased_ Genetic Diversity: et
‘Iz Slmphﬁe’d'Fragdé Fbo'd’Webs

1 Smail Habltat Pa'IhS ;_J-Small Habltat Patches--LaIge Habltat Patches:
1 Reduged Range or Displaced | Rediicéd: Ranige or ‘Displaced:-Normal Range:
1 Biomass Decreasing .. =] Biomas§ Decreasmg——Bl mas ‘ :
|5 Species Composition’ ‘Changing ¥ Regenerate to Same Spec1es—-$pé§ié$ ‘Comipdsition Changing:
5 Respiration. (¥} Producuon—-ResplratJon o S
{5 Climate' Warming.or Cooling =} Mxmmum Chmate Vanabnhty-—Clunate Warmmg or; Coohng

5, Human Populabon Grows 1

J1 Many 5!‘-'&C|&s at R'Sk/ Last of 2 a FEW __J Many Spec1es at Rxsk/Last of a Few--Most Spec1es Survwe & Thnve

Annotation
<br><b>Urban</b> ort <b>Industrlal</b>, r‘efer to hlgnly dlsturbed areas.

‘When you hiave finished.click on

Figure 4: Edit Eco-Concepts
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) UBC Umversityof Bntish Columbia '
mé Resource’ Management and Environmental Studies
v | 2206 East Mall’ .~ " : . v
Vancouver, B C VGT 123

Flgure 5: Ellcltatlon Screen Unspeclfled Values

: UBC Umvers:tyof Bntlsh Columb|a _ » ‘
S35 Resource Management and Environmental Studies
N 2206 East Mall_
Vancouver, B C V6T’ 123

_' Minimum Climate Variability

N ?

? e j Res1hence
1 Minimum Climate Variability ¥] Natural/Pristine

] o ¥ Canymg Capacny
2 =] onlogwal/Ecologlcal Integnty
3 ' | Sustainability:
3

= Ecosystem Healtl
SiClimaté:Warming or. Coolmg :] Urban/lndustnal
lCIlmate Warmlng or Coohng |

Whin you have finished, click on |

Ratmg scdlé.fnomfi ‘to |—5_-— '

N ame,lCNm:até_'Chang_e- §We1ght l10° %ﬁE_ev_él:llU %:A(,)"ﬁtp‘u tV

Figure 6: Specify Missing Values
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i UmverSIty of British Columbia :

,—_~,~—;§ Resource Management and: Envaronmental Studles il
{j™ | 2206 East Mall g As
Vancouvgr, B.C. V6T 1Z3

WebGnd V2.1 at http //ugel cpsc ucalgan ca: 1‘500 accesged: by Mozilla/4.0; (compauble, MSIE 6.
98 Win 9x 4.90).at 209:195-116-175.¢L.acT otton i np cyberus ca.

Blll Smltll consuiermg 8 Eco—Concepts and 32 Assessment Criteria in, the context of ellcmng expert mental models |
jof ecosystem risk. - ‘

[Saving .an(,l,,resﬁtoring'yourf-dat-‘a g
Al of your data is:stored.in this document

Save it.on your lecal computer as an HTML source- file.
Y.ou can continue the ifiteraction by: loadmg this.file.and clicking on"Continue”.

Check that you can save vour data before any major use of WebGrid-IIl

DownlOadingi your data for use in other programs

You can download your data as a. WebGnd 111 file (of type X-g). that can be: saved: locally and nnported into-databases
;and sprcadshects as tab-separated. data..: '

The ‘data dan use the Macmtosh or the 1SO character set %lgac’ imi%

You‘can also download .it:for analys1s'1n'Reperd REI,’«G"?‘%

[Creating a gl‘idf .fOr comparison with otlier users e

You cani-create a gnd for: companson with- other users. ’I’he other users caneither uséthe grid on'your machine, or you
Can save! the source and put it.on your server so that users, €an'access it from other locations.. .

‘Create a grid with same Eco- Concepts bit no: Assessment Cnterla pare assessinel
Create a gnd thh same Eco- Concepts and Assessment Cmcrla but no valucs i

Caching a grid for use by othersa

Yo_u can temporarily cache the grid on our.serverfor use by othiers

Figure 7: Status Screen
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EDITING YOUR INPUT

~ The Elicitation Screen (fig. 3) provides the means of réviewing your response. For e_xamp_lé, you can
identify closely matched concepts (fig. 8) and-edit your response eco-concept —by-eco-concept (fig

e Umversnty of. Bntlsh Columbta - ;
Resource® Management and Envlronmental Studles
- 2206 East Mall ‘ :

88.3%
o Sustmnablhty )
Ecosystem Health
86.7%:
" Natural/Pristing
onloglcal;’Ecologlcal Integrm
85.9%
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Figure 8: Eco-Concept matches

'You can revise any of the assessment criteria used to describe a particular eco-concept (fig. 9).
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When you have finished click on [ Gancel| Do

Figure 9: Edit Ecd-ConCepts

You can also identify closely matched assessment cntena (f|g 10), review and edit your use of
these criteria (fig 11).
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SN

' Figure10 Assessment Criteria Matches
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' Urh'ah of Industrial refer to hégnly disturbed areas ikaiﬁnatgc!b}-f human €conemic activities and settlement.
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“provide food, fibre, énergy, and the other commodities that humans need for their survival, and maisitain clean.air, pire
water, and othet vital life support functions, The goal of the Ecosystem Health approach is to optinise the amay. of goods -
and services ecosystems provide; while'preserving or increasing their capacity to produce those things in the. fitture. As
“well, the ecosystem approach tries to-maintain future management options so that we-can accommodate changes in -
, :,ocleml values.

' ‘['2 _ . ;@:Ecésystem Health

’ Environmemal Sustainabilityat the most basic level is a function of the state ef ecesmsiems the stresses.on those
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{Htgh Species’ Dnverslty

Rating scale from 1 10 !5

Figure11 Edit Assessment Criteria
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ANALYSING THE OUTPUT '

- The Web Grid Software also provides analytical'functions if you are interested that will allow you
to examine and revise your input. It is not necessary to use these functions to complete the
survey successfully.
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Figure 12 Display

 (ig. 12) aiso allows you to review your input. You can click on any concept or criterion
to edit them
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Figure 13 Cluster

(fig.13) uses the FOCUS algorithm to create a tree diagram showing the underlying
dependencies among the concepts and criteria. You can click on any concept or criterion to edit

them.
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Figure 14 Map

(ﬂg 14) uses the PrinCom algorithm to represent the grid in a minimum-number of dimensions.
You can click on any concept or criterion to edit them.

_(fig. 15 over) uses the 'INDUCT algorithm to analyse the logical dependencies in the grid data
and infers rules with exceptions that could be used to build a decision tree or influence diagram. You
can click on any concept or criterion to edit them. '
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Figure 15 Entail

As others respondents complete the survey, we will be able to compare your responses using the

[Compard function (fig. 16 over).
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Provide soine data on the fest E¢o-Concept.
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éonciilde':
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F|gure 17: Test Case

If you are not satlsfled with the selection concepts you are rating, you can generate new eco-
concepts and add them to the grid using[Test Casd (fig. 17)

Each time you input data, you will be returned to the Elicitation Screen (fig.3). Don't forget to press
the Save/Exchange button at the bottom of the page to save your work when you are finished.
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Appendlx 9. WEB- BASED SURVEY
SURVEY OF EXPERTS MENTAL MODELS OF ECOSYSTEM RISK

REQUEST TO INTERNET DISCUSSION LISTS:
To WHom It May Concern:

T am requesting that you post this message on your discussion list. Would you
please let ‘me know if you are able to post this request for me? Thank you

- - - -Message - - -

| am a Graduate Student at the University of British Columbia undertaking
~ research for my doctoral dissertation. | am conducting a survey of professionals
and other persons who are knowledgeable about ecosystems. Interdisciplinary
collaboration is becoming increasingly difficult because there is a lack of
- consensus about what is important and worthwhile about ecosystems, and what
~ needs to be managed, conserved or protected. | am trying to develop a
conceptual framework through my research that would facilitate risk
- communication and collaboration. If you are someone knowledgeable about
ecosystems, | would be interested in knowing your views. '

My survey asks you to provide some basic background information about
yourself. Next you will be asked about the assessment goals and criteria, that
you think should be used to evaluate risk to ecosystems. Lastly the survey asks
you to express the extent to which you agree or disagree with some common
beliefs about society and the environment.

The introductory page to the survey provides additional explanation of the
background of the study. You can access it from my website at
http://www.ecosmiths.ca/ws/questionnaire.htm. | would very much appreciate it if
you would take the time to complete the survey, and share your views about
ecosystems. In all, it shouldn’t take more than twenty or thirty minutes for you to
complete the survey.

| have interviewed over fifty persons. from coast to coast. Like you they are
knowledgeable about ecosystem risks and are drawn from many different

~ disciplines or lines of work. During the interview | asked them to tell me what they
~ thought was important about ecosystems. | have analysed the interview results,
and identified several widely-shared conceptual distinctions that many people
use to talk about ecosystems.
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velopmetit: @ Stiident:
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Figure 2 Professional Background

The respondent will be asked to provide information about their professional background (fig.2).
As a control, the website tracks the origin of all visitors and the identity the computing devices used
and the referring servers. The Elicitation instructions (fig. 3) simply ask the respondent to rate all
concepts using the assessment criteria. Up to seven concepts and fifty assessment criteria can be
included in the database. A sample layout for the elicitation process for each concept (fig 4) is
provided on page 6. After all the eco-concepts have been rated on the assessment criteria, the
respondent will be asked to indicate the extent to which they agree or disagree with a set of

- statements about society and the environment (fig 5).
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r fqnqt!ons “The goal of
i easing their:

: that'most: édeduately describes: each ec concept:;

Pres itation'process

Figure 3 Elicitation Instructions
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University of British Columbia

2206 East Mall
Vancouver, B.C. YV_BT 123

ASSESSMENT CRITERIA

- NSSESSMENT CRITERIA’

cycle

\ASS ESSM ENTC RITER A

Complex physical structure 1c2@ l3clac]s o ‘Simplifiad physical structure
Minimum climate variability 1 G126 3 a4 s Climate warming or ¢ooling
Extensive or severe dis;uption 1ol laclae |5 Minor varlanon in disturbance
regime
Small habitat patches 1ol12alaclac|s® ) Large'.habiﬁt patches
Habitaiffragmc_anied or lost 1c ]2 lsa laa|s & Habitat i»nt.ercqnneét_qd
Nhfrieﬁt retention — [Nl PFEOE EXOH VErE E-E6) Nutrient leakage - release/export
absorbfimport. ) - . i
Bipaccumulation 1)z |3 jac s o Decompositian
Resilient — recover- & repeat 1C]2@ |[3¢C a5 Vulnerable - shift to new

slatelcycle

aiomass decreasing 1ol s ja® |50 .Biomass constant ‘Iincfea‘si'ng"
Production’ 1G22 |3elan |5C Respiration
pnstablelmihing'lrbpmc 1Tol2ac 3 lac |5 @ Stable traphic structure
structure i '

Smialler shorter lived life forms |4 ._'2"(‘ 3@tac]s o La‘fggr‘lunge’rli'\iedlifé forms
Complex robust food web 17012 |3® Jac | s Simplified fragile food web
Re'genéfa;e tovs'arhé ép‘edes 10c:02@aclacs]so ‘Species co’mp‘ositibh changing
:{lany species atrisk/ last of a Kol FEel kN FECH E-Xe Most species survive & thrive
ew :

Predominantly native spacies 1Gl2clyelac]s e Exotic & invasive spec'ies present

Figure 4 Example of Elicitation
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'ASSESSMENT.CRITERIA - CRITERIA®

* POPULATIONS.,~ -~ - ' ' ASSESSME
Population growingor declining |1 co {2 s lac | s e Populétibn-size stable & viable
Age distribution balanced fel2aclaclac]sa Age distribution sKkewed
Reduced range or displaced 1ol2elaclac]ss Nbrmél‘r’eiljgié
Plentiful & widely dispersed 1ol jase |40 ]5C ) -Rare or endemic
ASSESSMENT éleERIA’ ' : . ASS.E'SSMENT C_Rul;l".'ERIAE
High,repro.duct'ive success 1t@®@|2G13C a5 C Low reproductive success
Metabolic processes disrupted |1 ¢ |2 ¢ |3.C |4 & 5 [} Normat me,t;b'olic processes
Disease spreads/deforniities iel2claclaclse ‘Disease/deformities absent or
present 1 rare
Low mortality rates velzelsalan|se High mortality rates

Decreased genetic diversity 16l2a]laclaed]sc increased-genetic diversity

| AsSESSMENT CRITERIA 'ASSESSMENT CRITERIA,
Human population’ 1Cla2elaclac s Human population grows
constant/declines )

No direct humanuse orimpacts | 1 = |2 |3 @ |4 ¢ | 5 ¢ |Substantial human harvesting/use

Profound largesscalelanduse’ |1 |loa jac |a @ |50 ‘Minimal small-scale land use.
change . change
Adequate fresh water supply 1 l266 13 4 cls o 'Fresh water in short supply
High level of contaminants iclzelsclaa|se Low level of contaminants
People are’indifferent- 1.1 20 13146 )50 ﬁeopleﬁ‘are:aboutfenqu
People familiar - grew upwith: |1 |2 & |3 G |40 |50 ' People unfaﬁiliaf'—ﬁpn‘tkno@

| Figure 4 Example of Elicitation (continued)
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University. of British Columbia.
rce Managemaer and En\nronmﬂntal Studes
2208 East-Mall’

4= -The Earth has plenty of natural resources: if we canjustleam how to jctaa 3o e s o
gevelop them, o > ! >

«
.

_2- i wealth.and opportumty' "rly d|stnbu1ed in'this country \we 1¢lze ]y 4 <
would have fewer envirgam ental and soci | problems ‘ h )

3- Weare. approachmg or have exceeded the:limit‘of the number of people 1@ |2 ¢ laelacls o
the: earth can suppori ’ ’

4- Naturé may'be re.:iliéntbut\it‘é:énﬂo'rilys,a_l‘o's‘orb\‘so much damzge axlaelyaclaelsc
5 Wa, should voluntarity adopt a-simpler less materialistic way of lifeincorder:| 1 @ |2 s o |la & |5 o
to-save the enwronment

8 We canrmt rely’ om, the funchomng ofmarkets or:ggodwill ofindividualsito | 1. f2.& 3¢ ' 4.6 |5 T

pro(ecl ourheatth-or-the environmem

e)cp eds

& it is.often-iesé costlyto preventenvironmental problems'thantofix them. | 1 @ [27¢ |3 |4.¢ |5

{9+ In afair socisty, peoplewho invest-and take risks should be rewarded. el P 3 @ lac s
1< Cofilinued econdmic growth, and technological innavationiisthe:keyto |1 ¢ 2@ 3o lae |5 6
improving: ouf standard of: 9. ’

14=. Plante and anim ais have the same.right-as: humang to-exist. 1olzelsclac]se

(hl

12-: Hunians;will. eventua\ly lsarn ‘enough: about how natura ‘works to’ berable: &z e ] |4 s
,to control 1t. A X et J

‘13*‘Néfﬂrﬁ_?*i"irecwin:th_'ei"0.'29'04'?ifrq*rn_iari’ir-ﬁarfﬂ!-f"’l{ééd-.b"wﬁur@.éﬁlé-- e |ze |valae s e

14 Companies won protect the enyironment until the law forces them todo | 1 ¢ |2 @ |3 @ o o |5
.something. : - 1

Figure 5 World View
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:1.8:\ Gov rnmenés:ériww nor!re.%mc'tp.aomésf;i:ers‘onél??‘r_eédomforl_,chili'; g laev|anle ®fso

Iifestyde:choices -

19 Communties know betterlhan gov.ernment.or‘industry what'needs: to- be: |4 |2 @ |3 & |4.050¢5
done‘to pmt?cl e’ en'nrumr!em .

€ Opiiticns ul

121~ Imthis.country:wie:shouldrelum to.more traditionalivaluestand. way.of : 1oc et ld o ld oy @

Iife:
*22%; ¥odem techinologyipos es serious risks;tri;ihs,ehyirq’rimem 40 |2 oly o la @y o
2% ‘humans do not: have: a partnculanuse fora specues thev ;s"_vuldniworrv P l2old e la s e

,becommg ‘sxtingt,

‘24 Igis.unfortun:a

: tagceptatl & f Some peopleloose theirjobs orhave: 1.4 ¢+ |3 s AR
‘to :hangalnelrllne o] :

k or. thes sake: Of[ha envlrnnmsnt

W
[#]
&3
Ny
D
&
o)

7% Thebalance of nature:isvery:deiicate and easiy:upset: 4o l2efs & lew s o
28 Thereis soirmuch: :disagreen ent.among. experts thabilis, hard to Kngis A4 o |3 @ fa aE feg
whoto'belizverabiouttheenuironment, } » -

27- Thie.86-called™erviron imentdicrisis faging scisty bids bien gréatly. lscleclaalicts e
avaggaratad. ) : o

anvironmental probleme

Figure 5 World View (continued)
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Appendix 10 INTERNET LIST SERVERS
SURVEY OF EXPERTS’ MENTAL MODELS OF ECOSYSTEM RISK

Lists of Lists

Yahoo Groups: http://dir.yahoo.com/Science/Ecology

FtE R R R R bR R R R R R R R R R R R R
Title Net E-mail List Directory: http:/ftile.net/search.php?table=&search text=
B
L-Soft http://www.Isoft.com/lists/list g.html or

R I A R R R R A A Rams e SRR e
Catalist, the official catalog of LISTSERV® lists: http://www.Isoft.com/lists/listref.html

e o T b e S S
Sustainable Development Gateway Mailing Lists: http://sdgateway.net/mailinglists/
T f g o o T o TSRS
Long Term Ecological Research Directory: http://search.lternet.edu/dir.php

o o T T B O b b o o e e L 2
CSEB - SCBE BioWeb LIST SERVERS for BIOLOGISTS
hitp://www.freenet.edmonton.ab.ca/cseb/b listserve.html

B T R b L T
Center for International Earth Science Information Network (CIESIN)
http://www.ciesin.org/lists.html

I R R R

ENVIROLINK http://www.envirolink.org/

T L e A C e SRR R LR A R e AR e e

National Academic Mailing List Service http://www. jisc.mail.ac.uk/lists/
T e  amn A S L L e

IAIA List Servers hitp://www.iaia.org/listserv.html
s B L e e

www.science-search.org
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